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£7. -7 BDD-F VIl ] Pro'®® ~ Ser'® & 4 [X 3 (acidic
region-3, AR-3)N I T HEHE AR iy v] b 25 8 iy EEHE 1)
Gy WA A, SRk — B AR A T B
BDD-FVII 45 F #7388 3RS 1, A SR B AT e i
HHESP WATK) AR-3 FR AR N T B REA S, FH X3 A
HEK293 4 il FLA% i & 45 11 A &5 7 1¥) BDD-FVITE i
FIERFEIEIN, WS H] AR-3 SN AT 8 RN &
¥ By 1) BDD-FVILAR [ 43 W R P 16 W 4l o 4
M, At is B RN & TR AAV shP) ik
W% BDD-F VI RIS At T S Ak 4.

1 #RFITTE

1.1 #M#

A Ssp DnaB £ [ & 1 i i P 41 1R RE
pMST 4 %= K Dalhousie k2% € 2% 5t Liu #04% 52
KM, ARELRAE. 4K FVI cDNA ¥ Tk
pXX-FVII k3% [H Pittsburgh K22 7> 1154k 5 £k
S RFERYT 0 Xiao B2 L EME, AR
7. BDD-FVIII{ FLA% &1k SOk pCMV-F8 HH A% S 56
ik, BDD-FVIIE4#E. #4E5 Ssp DnaB &M
T T A F£ I AR pCMV-HCIntN I pCMV-
IntCLC 24 AT LA 1) TAE R @™, K g A B e ik
DHSa WA ZARAE. HEK293 41 full [ o 5 Rl e
S M. BRI ME Y D) . DNA 3% 42 il KR 6
DNA 4} 7 Jii 5 b5 #fE 7= H New England Biolabs 24
75 Gel Extraction Kit. PCR Purification Kit. Spin
Miniprep Kit #J 24 Qiagen /A & 77 i ; DMEM FlI
Opti-MEM }53#3E. Lipofectamine 2000 % 44iR 7 &%
J&) B Invitrogen A7) ; /- IMLIE 4 [ Hyclone 2 75
H2H FVIIk BioChain 23 5™ FVIL 4 5 v B
Pk ESH-5 A1 FVILES 4% 5 50 FE T /% ESH8 & HRP
Fric ff) ESH8 I H American Diagnostica 2 #] ;
HRP Frid AR5 FVILZ b B 5444 H Novus 2
H]; EPr HRP- —HiMl ECL plus Western blotting
detection X FFIE H GE Aw]; ANIEWSLIMIE K
George King Biomedical 22 ] 7= fhrs FVILE P )
COATEST SP FVIIIA 7% )% H Chromogenix A ] .
AR A [ w1 23 Hr 4L
1.2 BEREAFIERNEEE

DAA S DAHT A 57 N FVITEE#EHT Ssp DnaB
AN TRl 2 R SR A 0B, pCMV-HCIntN
(EBEAR S O A5 T 1640~ 1656 24 IR 40 Y 15 41))

MREH, 5 TGCATCAGTGGAGATAGTTTG 3’
H1 5" CCATCGATTTCCCGTTGATGGCGTTTC 3’
(% Cla 1 A7 £)B19%F, i ) i PCR ¥ 44 75 21
pCMV-HCIntN ff1£kE1k DNA K H Bt BL pXX-FVII
R, 5" CCATCGATCTGACTACTCTTCAG-
TCAG 3' (%% Cla 1 f7 5)H1 5 GCTGCGGGGGC-
TCTGA 3’ 51%%F PCR 414 FVIII#) 1657~ 1690
SRS s, M Cla 1 50 58] PCR 795 H
T4 DNA WM&, 198K 07 I AR-3(1640~
1690) 4 i J7 41 1) 8 HE 5L K 3% 1K 3 & pCMV-
HCAR3IntN, 5 PAii#4 & (1) 7% 47 BDD-F VIl 4% %% F
Ssp DnaB 5 [1 4 75 1 il 5 2L K 1) R A kL pCMV -
IntCLC J8A — X4k,
1.3 ‘AAtEF R EE R

HEK293 4i ffi T 5%CO, 37C ¥ =45, L&
10% 1524~ 11375 1) DMEM £ 3% Ui BE 55 9% . 56 YLl
— R HJBEEE B AL 2 B, 4% BEAL 5x10° A4l
17 2 ml DMEM #5395 0 ¥ 40 i i 4 T 6 fL3E 7%
B, MR KA 2 80% L B,
Lipofectamine2000 Jiif )5 4 4% 12X 71 & U6 W 5 ik A7 4%
Pe, ¥ W B IR pCMV-HCAR3IntN 1 pCMV-
IntCLC % %5 L 1] %% 4 g 18 & 8 BT 250 wl (1)
Opti-MEM ¥ 7%, 5= WKE 5 min 175 20 pl
JIE AR 250 ul Opti-MEM 15 720 75 J5 4k 4 %k
JCE 20 min, JL % Y HEK293 40 M. 6 i
pCMV-F8 #% Y HEK293 4 ffi . H pCMV-HCIntN
A1 pCMV-IntCLC FL#% 4 HEK293 41 i /F A %) 1,
I 3044 pcDNA3.1 #£4 HEK293 41 i 4 > BH 1
X H (mock). FEFRAAMIRE S h J5 i 2 ml Fr i (1
Opti-MEM 5553, 4S5 5% 48 h, AR 41 M Fn 8%
F& b, HAEMCER R EIE TN 40 wl VA S R
IR M AN S AR RIS T B X
N, $% b3k gy ) A pCMV-HCAR3IntN Al
pCMV-IntCLC #; %% HEK293 41, ¥i%:24h J5 &
TP 20 Ak SRS TE 48 h, WCEEAN AT 3.
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R EIER 21K BDD-FVIGK E 917

Zx WBATT DA AT 42 37 1) B S % ELISA AU
B LI EREEOWED. H FUTEE Al X
Pt ESH5 VE A gisk, HRP brid FVIIZ vo s ik
ATIGTA,  FRRUE R AR BRAE S PV O
TEAIAR FE bR AE M 2, FF it b S5 22 IR IRIIAR FEE A
Pt i 2 A 19

DU BEA 57 BELISA KL 8% 7% LG M5 £
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K BDD-FVI & 14, LA FVIE#E Al X H4T ESHS
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. CAZRBRGRE (I RRE i (1 9 5 RO J3E (8 22 b
fEME, AT EIE R A 1RO BEAE bR Hh 2%
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1.5 #HARiESE £/EHEIIE BDD-FVIIF= 4 B4 45E
eSSy

H Coatest & {032, 2 M SCR [12]9% 38 57 &5 16
B EAE, rHTas g BiE ) PRV, DUES
N3 A Z L (FVIE ¥4 1.0 U/ml), A Opti-MEM
1 FRVBUC A I 9 ) (1%~ 20%) sy e 5 3
(20%~ 150%) B Rl B & 41, P41 )R N 5 405 nm
Ab RO CREAE,  ARRRE 11 23 LEA AR R . 405 nm
WS AR A AR KR 53 1) 25 TG S R R s s R A ol
2, HEEFE LIERE G AT IO RS AR bR it 2352
AR E 2 EEAE, B 100% 24 1.0 U/ml #8554 L
T I FVIAE Y035 1k
1.6 Western blotting 3 22411 A 554% 9 BDD-FVII
£H

FH VR 2 2 A P WS TR A RO ot R U TR
M0, Bradford VA THE AR E &, B
mn i 12 we W H R, kR SDS-PAGE 71
BEAN, FTHEREHBEA NS 2 PYDF
5, 5% Mk v S A 2 hy 10 1000 ik
PN FIZ e BEPiik 37C BB E 1 h, 1
HRP- Hrée ity 37°C &% F 1 h, ECL plus 71
ot X Otk
1.7 HitFELE

LI v + s TURIR, PRALZ A ¢ A5
BT 2R BEMEILR, P<0.05 il h xR GG
ES- 98

2 & R

2.1 N0 ar-3 FRSIESETHREIMEE

FVII> 1 45 kg s i HE 51 4 A1-A2-B-A3-C1-C2,
23K 4> B &5 R Ik (A761 ~1639) J5 1) FVIL A
BDD-FVII. FATTLART CAEHS BDD-FVII T Gln'®~
Ser's  [H] Wr & EEE M AREE, 4355 Ssp DnaB
HEANG FRG, W@ TMEEANS IR

(HCIntN) fi2 4% (IntCLC), K¢ &A1 5 Bldh N HAZ R
15 B AR pecDNA3.1 (+) Ja 13 2] pCMV-HCIntN A1
pCMV-IntCLC¥. A SCRE R PCR §7 44453 211 FVII
] AR-3 [X (Pro'™ ~ Ser'®) % 14 J7> 41 , 1 N %I
HCIntN " IR EEHE R S, 3 3 EEEA N -3 XS
FE NS T 1 HCAR3IntN. 3k JLAH BV &5 1)
NI .

WtFVI SS9 Al [ A2 ] B [[ A3 [c1[C?]
| I
AR-2 AR-3
BDD-FVI|
(A761~ 1630)SI_AL [ A2 ||| ||| A3 [CI[C2]

AR-2 AR-3

HCInN Y Al

HCAR3IntN [S§ Al

IntCLC

Fig. 1 Schematic representation of FVII structures

The wild-type human full-length FVIl (wt FVIl) contains three distinct
structural domains including A1~ 3, B, and C1~2 defined by internal
sequence homology and arranged in the order of A1-A2-B-A3-C1-C2.
The BDD-FVII was produced by deleting amino acids of B-domain from
761~ 1639 with a small B-domain retention. A pair of intein-contained
heavy and light chains termed HCIntN and IntCLC were constructed
previously by splitting BDD-F VI before Ser1657 to heavy and light
chains and fusing N- and C-terminus (In, Ic) of Ssp DnaB intein to
them. The intein-fused heavy chain with an additional AR-3
(HCAR3IntN) was produced by incorporating an AR-3 sequence of FVII
to the C-terminus of the heavy chain within HCIntN. SS: Signal
sequence of FVII.

22 HERMMSILMESE. RS KEE
BDD-FVIIE B/ =

LSS AR-3 0 HE RN B T RlG AR 2K
(HCAR3IntN) 73 WA R 520, LA FVITE 47 = PR AR
ESH-5 24 4% 44 F1 L HRP #5c FVIIZ 70 W Hi 4k
A BT AR 1) ELISA 45 R %o (Kl 2), Hphfs
HCAR3IntN FE IR 5 43 96 32 85 7% 13 b (R 55 2 ik
H(59+8) wg/L, B & TR B 1 U RS
KIS ar-3 7 HVERE HCIneN F5 R 40 0 53 16 1) 255
ZJik(13+4) ng/L (P<0.01), I AR-3 A i & ik &
Feoruh. L HCAR3InuN JEIFRL& HE E N 1
5 uCLC FERZ5 RSN, HREZ IRk h =t
— BN £ (248+32) pg/L, WAL EE HCIuN
M I CLC 5D 40 M ) B8 73 WA (146+17) wg/L,
B 2 5 T 5 BDD-F VIS RXT 40 f 1) 5% 43 i
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Fig. 2 Secreted heavy chain

The data are represented as the x + s. n=3 in each group, “P < 0.01 vs
HCIntN transfection, **P < 0.01 ys HCIntN and IntCLC co-transfection
and BDD-F VI transfection. [: Mock; 2: BDD-FW; 3: HCImN; 4:
HCAR3IntN; 5: IntCLC; 6: HCIntN+IntCLC; 7: HCA R3IntN+IntCLC.

FATLART AT FTUE W], BDD-FVI KR 5E 5 W 4%
HU s TEED. T WS HCAR3IN
IntCLC FEDR0 B85 o0 WA IR e, LU A e PR it
A& BESH-8 B4 Hrs AL HRP A5ic FVIZ we b4t
AR ELISA 45 R 2Bl 3), 34
J PR B 22 IR 09 M (309+36) wg/L, SL%E HCIneN
H It CLC DR 40 M P 40 5 4 Y 2 49 (289+22) wg/L,
FAREG TuCLC KA R 0 U 54 (279+25) /L,
—HZ W TCH I ZRI(P > 0.05), {HIJH R & T FE
BDD-F VIS RL) HE 40 1o (R 42 4 0 i (136+17) wg/Ls
IR AR, IS AR-3 TG RRE 1R 43 Wb
TCW e, AH SRS IR R A W ) W T
BDD-FVII 4> F [t 4% 4 i, K25 BDD-FVI 4 1
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Fig. 3 Secreted light chain
The data are represented as the x + s. n=3 in each group, *P > 0.05 vs
HCIntN and IniCLC co-transfection, and /niCLC transfection, #P < 0.01
vs BDD-F [I transfection. 7: Mock; 2: BDD-F VI ; 3: HCIuN; 4:
HCAR3IntN; 5: IntCLC; 6: HCIntN+IntCLC; 7: HCAR3IntN+IntCLC.

A EEE FVIIDh R A 45 #6004 A i e
R AR G, SR I AR-3 EREXS Ttk
FB N & 1A S B 58T ™ 42 (%) BDD-FVII R [
srubsgm, H FVIIEFEHU/R ESH-5 F1 HPRAR L)
BB PUA ESH-8 4 A Bt A4 RS U 044 AT 1 3L
Je» ELISA 5 R Wor (8 4), i HCAR3IuN
IntCLC FE A 55 9% Ll th &\ A RN & 1 85 4%
() BDD-FVII#E (1 0 (173+26) pe/L, W e T Lk
HCIntN N InsCLC FER 40 1375 7 4344 1) BDD-FVII
HF(102+12) wg/LFIEE BDD-F VI R FE 40 i 53
% & BDD-FVIIEE [1(129+16) pg/L, SH7& 1)
ZHIEE, XUV AR-3 [ ER A B RS
B IR B i B N & F B 1Y BDD-FVILER 1 77
W SAh, WA HCAR3InN A IntCLC F& K140
VR A 55 7 J5 1 B3 rhoR I 3 BY 42 1Y) BDD-FVIIi&
F1(35+7) pe/L, DL A4 i () s A e B 1%
TERG, 2 WER 15T A 2 1 n]E e AN g 4t B 1)
BIRERE S AR-3 [ FEE AR E.
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Fig. 4 Spliced BDD-FVII protein in culture supernatant
The data are represented as the x + s. n=3 in each group, **P < 0.01 ps
HCIntN and IntCLC co-transfection, and #P < 0.05 ps BDD-F I
transfection. Note that supernatant of mixed cells individually transfected
with HCAR3IntN and IntCLC gene shows detectable BDD-FVII spliced.
I: Mock; 2: BDD-FI; 3: HCIntN+IntCLC; 4: HCAR3IntN+IntCLC; 5:
Mixed HCAR3IntN+IntCLC.

2.3 HERFME LIEREMAE YRS

J% ] Coatest A= (43 M yE AL 1% 57 137 At st it
EWEE LR B oR(E 5), 325 HCAR3IuN R IniCLC
BE DA 4 i b3 T 48 B R B BY 42 1) BDD-FVI
HE P AL L AR 2 (1.3140.15) U/ml, 1]
BE TS HCluN A [ CLC NN MBS 77 1375 1)
WL A )35 1 (0.79£0.09) U/ml (P < 0.01), T
¥ BDD-F VI3 DK %6k 640 i 5% 7% 137 16 vt . 26 3%
P£(0.97+0.15) U/ml. 454 bk & (1 5 K F B9 2
BDD-FVIISE 545 5, KU AR-3 HEHE, nlifid
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Fig. 5 Bioactivity of spliced BDD-FVII
in culture supernatant

The data are represented as the x + 5. n=3 in each group, **P < 0.01 s
HCIntN+IniCLC co-transfection, and #P < 0.05 ys BDD-F VI transfection.
Note that supernatant of mixed cells individually transfected with
HCAR3IntN and IntCLC shows a detectable coagulation activity. I:
Mock; 2: BDD-FVII; 3: HCIntN +IntCLC; 4: HCAR3IntN +IntCLC; 5:
Mixed HCAR3IntN+IntCLC.

2.4 FHEFRMAEA BDD-FVIAI 5%

MR T Ik B HeliE, A FVIIZ 5
% PR EAT [ Western blotting 25 1 2 7x (& 6), I
Bl A B A N 11 ar-3 ¥ i BDD-F VI EE 5% Al
A SL A (HCAR3IntN +IntCLC) 40 g, w] WL —1H &
(155 %% BDD-FVIZEDH BH X HE 41 i 3234 1¥) BDD-FVII
A K/ 800 87 32 BDD-FVILEE (A 447, %9 4h,
W AT B R 58 4 BY 1K) 5 MU HCAR3IuN Al

" |~—Spliced BDD-FVII(172 ku)

\~—HCAR3IntN(105 ku)
'+ IntCLC (86 ku)

Fig. 6 Observation of spliced BDD-FVII protein in gene
co-transfected cells by Western blotting

I: Mock transfection showing no reactive protein band(Mock); 2: BDD-FVII
transfection showing a expressed BDD-F VI[ protein band (wt FVI[); 3:
HCAR3IntN plus IntCLC co-transfection showing a spliced BDD-F VI
protein band with a molecular mass similar to the control (BDD-F Ill
transfection) and incompletely spliced protein precursors (HCAR3IntN
and IntCLC) (HCAR3IntN +IntCLC); 4: HCAR3ImtN transfection alone
(HCAR3IntN); 5: IntCLC transfection alone(IntCLC).

IiCLC 4l H 3% 1K 8 (K 7 — B0 ar & & A
(HCAR3IntN, IntCLC), ;=AM JsK, —J7Th A8y
LA R NASTEAPE TS 53— 5Tk B S g
(4o BIZRIB AT A R, B — ATk A
A HEBYEEATAR.

3 it it

A el s FHER 5T 2 1 (R 8 1 o S B %
T REREAT XU A4 23 53] #5 BDD-F VI 5 5 Al Bk K]
TAERH, BEAN G FAH S SR G RIE
M. 52 K S U BT B2 i 58 34 1% BDD-FVIIEE
5 It o/ = A Eia 111K B 7/ R o i L I = e i |
JRLALT %) Zh e P 5 — 58 44 BDD-FVIUE J 11 XU 2
PREESLDR SN, R B IR (1) R [R]— R 4 i 2%
i o3 JE I E RV BE L IR AN RETE I8 2R
1A, REmEE R Th AL, B RN B LI
RS G mSU ISR, LA T A
WA ML B B s N, DRI R AN TR Rt
DRI HE N TR — SO0 B, J2is 8  N 3 73 o i
PER (1 3L N 5 BDD-FVILIRAL ST fE. 4k, W
PO AL BDD-FVIPER 9 560, BT 55
WRCRIGAC T30 5E, =B R IBEA T ), R
ERRE T RGUE R W, (HRAR TR 2
FIL TR —4E40 M, 2EEE RN S TS
R AT P 5 . R 2 TR )
WAL N R B T HA 71 Al KAEE S Wi
W5 TR B 1 BiP &5 507, A5 3L 20 W 4K it
ATP [RIRERIREN. 06 PRI w16 SE B AR T P4 3
AR AR, EESFSARET. A1
AR AN & TRl A 1) F309S 2845 1) A1 X B
R K FIPEIEY, F309S 248 HAT— (1)
MEFFEFE N WAER, HRCRMKARN BT RS
JWs U B R S WA TR ST 2R DS, BUARFRAT T 5T 1 T
VI B 4 B AT (8 30 J % WA TR, {H e
(10 FHLEIFANE 2, IS o A7 I AR e 1t
HAE AP A e, (RSO TR I EAE S
TCHFIRR T, KT BDD-FVIEEEE AR-3 &5
P38 0 - T B A ity J T A T 1) 2 WA R v 5~ 6
FEUOL RSO ar-3 MSIN BN A G, SR Al B
T T IR B AL D 5 304 1 T 55 22 K 20 i
BGE, U5 5T AREIN AR-3 HIE AN & Tl
GEEER W (B 2), SEARNS LG IR
LR 45 R SR, AR-3 JRA] B SR A R A
T B EE Y BDD-FVII & (140 Wb, A& JLEE AR U N
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ar-3 WEE VLN & 7Rl & HAE S B S 1.7
W, BEIMLAEYE AR A (K] 4, 5), B AR-3
AT AR B BT 0 ) EE A o 1T L P B i A
AL BYH2 BDD-FVIIG 0 b VEFH . BB AN %2
JCREILI 5, 1B AR-3 s i EAE L RE I 2y
WS, EAELLE G 1.2 1, 5 R AR-3 &
BB ILIN I EL R 2 0 1, A L S N e R
W3 23— LMk 5NN ar-3 VS INIR)
TN ST Rl RS R L R A VR A R
Fr BIF W, w2 85 H2 1%) BDD-FVI & [ F1 i
PR, BB 5N B AT AN 4 B L BY
Bl N, SEATCLRT A — 20, AT InT
AN AR-3 AR H FWIZr T A S, A
FE AT R AT T 26 M PR B A R AN R, T HL
76 FVIR 20 b et R/ Bkt I sz 1 3 A5 v Aol 3 A I
% AR-3 [7HI ] Glu'®~ Arg'™ # K i PIBR19. 5
TR IS, AR NAEY) NI E RN
AL A8 IFILAA PR 78 0 B RIAE R 5 SR
HHTEARNEGFE TN r20k, EE ey
FEARTEAR - ARSMIFFE IR FH i 38 A W 21 1 2 A
R N, i H AL Ab AR N AN T2 N AR
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Acidic Region-3 Fused Heavy Chain Ameliorates Intein-based
Dual-vector Delivery of The B-Domain Deleted F VIl Gene"

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

Abstract It was previously demonstrated that an intein-catalyzed splicing of B-domain deleted coagulation factor
VIl (BDD-FVII) heavy and light chains could improve the secretion of heavy chain in ¢is and the splicing can occur
independently of cellular entities exhibiting a splicing activity in and out of the cell. In order to improve the
efficacy of intein-based dual-vector delivery of the BDD-F Il gene, here an additional acidic region-3 (AR-3)
between Pro'™ and Ser'® of FVII proven to be helpful for the secretion of heavy chain was incorporated into BDD-
FVII heavy chain to examine its effect on secretion and bioactivity of an intein-spliced BDD-F VIl protein. By
co-transfection of the cultured HEK293 cells with genes of the ar-3 incorporated heavy chain and light chain with
fused intein (HCAR3IntN and IntCLC), an ELISA and Coatest assay were performed to determine the amount of
spliced BDD-F VIl protein and coagulation activity secreted in the culture supernatant, and the intracellular
BDD-F VII splicing was observed by Western blotting. The data showed that the amount of spliced BDD-F VI
protein (173 +26) wg/L and coagulation activity (1.31+0.15) U/ml of supernatant from gene co-transfected cells
were greater than supernatant from intein-fused ar-3-free heavy and light chain genes (HCIntN and IntCLC)
co-transfected cells (102 + 12) pg/L and (0.79 + 0.09) U/ml indicating the additional AR-3 in the heavy chain
could dramatically improve the secretion and activity of intein spliced BDD-F V. A spliced BDD-F VII protein
((35 £7) pg/L) and coagulation activity ((0.28 £0.08) U/ml) was also detected in the culture supernatant of
combined cells separately transfected with the HCAR3IntN and IntCLC genes implying the cellular entities
independent BDD-FVII splicing of the intein. The total protein from gene co-transfected cells displayed an obvious
protein band of the spliced BDD-FVI detected by a FVII polyclone antibody indicating the intracellular BDD-F VI
splicing. It paved a way for ongoing study on protein trans-splicing based dual-adeno-associated virus (AAV)

delivery of the split BDD-F VI gene in gene therapy for hemophilia A animals.
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