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(R BI I ThREIK = .

Z B 5] 8.4 kb K1) vWF L AELL K 2 4> AAV
BARHETT, T BRWIR AR B R I Ak
FLRZ AN M %e vWE JER, AR SCEEFRATT LA RTHEAT 16 )
¥ = 7 B vWE BY Bz 0 a1, Bk 3 BLin
vWF [ 5 K53 5] 5 Ssp DnaE W% Ik Ssp DnaB
W IRR G, Mg 3 NI RIAEAR, RAMEFRIN
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1.1 ##

A1 Ssp DnaB W & )ik Ssp DnaE N 7 JIk 2 i
J3 F ) 5B pMST. C-214 4 Jin %= K Dalhousie A
¢ Paul Liu UL =g, AERA;E. AN
vWF ¢DNA [ )it ¥ pSVH-vWF i 3¢ [£ Washington
KB 5 B Sadler H#% % & 4 A\ BDD-FVII
cDNA [ B ik Tkl pCMV-FS(H 424 pcDNA3.1)
HIAS S 560 5 M) JF R /75 pcDNA3.L (+) 4 H
Invitrogen 2~ . 293 4l [ o L ARL A2 e 40
1.2 T EEMEZEKT

PRI N DI . DNA JER2EHAF 609 H New
England Biolabs 2w ; & f& 2L Pfu Turbo DNA 2§
4§ 4 Stratagene /A #] 77 i ;s Gel Extraction Kit.
PCR Purification Kit. Spin Miniprep Kit ¥ 4
Qiagen 2 # 7 i ; DMEM F1 Opti-MEM 1 77 &
Lipofectamine 2000 % 4% X 57 &) H Invitrogen A

wls MRS H Hyclone 2wl RHLAN vWF £
TP (A 0082) 1 HRP Frid 5Pt A vWF £ 7¢
F% HUAR (P 0226) ) H Dako 7 #]; HRP- EHif
Pi+ HRP- 1l =EHi/M B~ $H1. ECL plus Western
Blotting Detection & 7% 4 | Amersham Pharmacia
Biotech (GE) A #]; A FVIIEE % 5 v¢ % P& ESHS.
HRP #5ic (1) %% BE 9. 5 B Bt 44 HRP-ESH8 i H
American Diagnostica A H]; A H 4] FVI[4 BioChain
Aw R NIE R 2 Il % 5 George King
Biomedical 24 & ;= fh s FVILE £ £ 910 ) COATEST
SP F VIl 77 &4 H Chromogenix 2 7] ; SeaKem
High Gelling Temperature (HGT) 3 i # ) H FMC
Bioproducts 2 7] ; PVDF %% E[l X (Immobilon-P,
0.45 wm) A Millipore 247 1 i
1.3 MBS RIEHIKBIME

LA kL pSVHVWFL 84k, Pfu Turbo
DNA R4 514 P1 A1 P2 ¥E47 PCR ¥ 44 vWF
1N Bt (Met' ~ Ala") % i 7 4] N, LLJFCRL C-214
AR, 514 P3 A1 P4 #E4T PCR 4744 Ssp DnaE
IR N i 123 A2 5L 1) 2 5741 En, 430l
Nhe 1/Sph T F1 Sph 1/ Xho 1 f§ V) L& PCR 7=4,
5 Nhe 1/ Xho 1 1) 4 V4L /& pcDNA3.1(+) &
T4 DNA EHZ0REY:, 193] vWF [ N Bt 5 Ssp Dnak
P TR N ity il A 3 R 3% 0K TR pCMV-NEn. LA
pSVHVWF1 Ak, 514 P5S. P6 ¥ vWF 1]
BS540, H5149% P9, P10 ¥ 14 vWF (1)
M B(Cys'™~ Lys™) 4 fi5h 751 M, H514) P7. P8
M C-214 §1% Ssp DnaE W& Ik C i 36 N2 H 1k
(M9fi 741 Ec, H4514) P11, P12 )BTk pMST 4
1 Ssp DnaB P & ik N it 106 N2 HE 1R (1) 4 i 7 41
Bn, 737 EA Nhe 1 /Nlall« Mfe 1/Pci 1 ~ NiaIll/Mfe T «
Pei 1 /Xho 1 BV _E3& PCR 72, 5 Nhe 1/ Xho 1
fitf 1) £k 1k pcDNA3.1(+) & iE %, 7358 vWF 1)
{55 k. Ssp DnaE W& JIk C 3. vVWF I M Bt 5
Ssp DnaB P 7 JHE N i (¥ il & 5 D5 2 A8 J5URE pCMIV-
EcMBn. UL pSVHVWFI A#iki, H 514 P5. P13
54 vWF 15 5 kgt 410, H514% P16, P17 4
14 VWF 1) C Bt (Ser®~ Lys®3) [f1 44 541 C, H
519 P14, P15 )\ pMST 414 Ssp DnaB N & Jik C i
48 NEILIRI Gt 751 Be, 435 LA Nhe 1 /Nlalll
BsrG 1 /Xho I « Tsp45 1 /BsrG 1 H V) Fi& PCR 7=
Y, 5 Nhe 1/ Xho 1 BEUIZEVEALIY) pcDNA3.1(+)i&
B, 735 vWF ({5 5 k. Ssp DnaB W5 Ik C i &5
vWF 1] C Btk A1) il 238 iR pCMV-BeC. 53
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MR 3 ANARE IR = B vWF B R IA
& pCMV-N. pCMV-M F1 pCMV-C. ¥ pSVHVWFI
H1[1) vWF ¢cDNA H] EcoR T V) F4fi A E] pcDNA3.1(+)

1 EcoR T 47 ni, 7% %] vWF [ B % 3R 1k ki
pCMV-vWF. BT 5190 S P9 g 1.

Table 1 Primers used for vector construction

Primers Sequence(5'—3") Endonuclease site
Pl CTAGCTAGCATGATTCCTGCCAGATTTGCCG Nhe 1
P ACATGCATGCGCAGTCCCCAATGGACTC Sph 1
P3 ACATGCATGCCTCAGTTTTGGCACCGAAAT Sph 1
P4 CCGCTCGAGTTATTTAATTGTCCCAGCGTCAAG Xho 1
P5 CTAGCTAGCATGATTCCTGCCAGATTTGCCG Nhe 1
P6 CTACATGCAAAGGGTCCCTGGCAAAATGA Nialll
P7 CTACATGGTTAAAGTTATCGGTCGTCG 3’ Nlalll
P8 GTCACAATTGGCGGCGATCGCCCCATT Mfe 1
P9 GTCACAATTGCTTCTGCGACACCATTGCTG Mfe 1
P10 TGCAACATGTCATGCAGCCCTGCCTTGCTC Pei |
P11 TGCAACATGTTGCATCAGTGGAGATAGTTTGATC Pei |
Pi2 CCGCTCGAGTTACAATTGTAAAGAGGAGCTTTCTAG Xho |
PI3 TCAGGTGACCAAAGGGTCCCTGGCTTTTTGA Tsp45 1
Pi4 TCAGGTCACCAGAAATAGAAAAGTTGTCTC Tsp45 1
P15 CAGTTGTACAATGATGTCATTGGCGACAAAG BsrG 1
Pi6 CAGTTGTACATAACTCCATCGAGGTGAAGCACAGTG BsrG 1
P17 5'CCGCTCGAGTCACTTGCTGCACTTCCTGGG Xho 1

1.4 HHREEFRREREE

293 4} T 5% CO,, 37T K FHEM UL 10%)ih
AL (1) DMEM 35 FR U BE RS 75 B gvny— R H
B AR 1 A o B B, R BEAL 5x10° AN T
2 ml DMEM B934 4 T 6 FLas Rt 174
Mo ARG & 80% LA LN, H Lipofectamine 2000
Jig AR S i W] AT G K 3 RS IR
(1) 5ok pCMV-NEn, pCMV-EcMBn 1 pCMV-BcC
1101 RS 4 pgiB AR T 250 wl 19
Opti-MEM #5723, 53R BCE 5 min (15 20 pl
Lipofectamine 2000 JI§ 1A ] 250 wl Opti-MEM £%
FEIR A G U ACE 20 min, FLEFGL 293 gif.
pCMV-VWF % 4% 293 4if fu/f: A BHE X L, 2348
& pcDNA3.1 #9293 4il fudE A B %) H(Mock).
FATEA & BRI BB p)CMV-N. pCMV-M £ pCMV-C
LG 203 A MUAE N JC BT L. O TS vWF
FIAB XS FVILA 6 S v& P R 52 i, K pCMV-NEn,
pCMV-EcMBn. pCMV-BcC LL 2 pCMV-F8 #%
Lol % 4 ug #9293 410, H
pCMV-F8 #:4¢ . H] pCMV-F8 fl pPCMV-VWF JL 4%
PeLL K H pCMV-F8 FIA S N B JIK ) = Be vWF %&

DRI L2 L4 kg o0 L. 3 56 DRI A B T 5 R 4 A 35
5hjE#e bl 2 ml (FHTEF Opti-MEM 35 9%, Ak&i
7% 48 h, WAER IR L.
1.5 1EFLEFEPR vWF 2 B0

Z: WOSCHR 91/ 7 32: 384T . i SeaKem HGT(P)
DIRRE 2% SDS- Bt s, RARIE A 0.8%Bi i
W, BN 2% B IR B AT 0.1% SDS, ¥ £ PBS
FENT T IRGERE SR LIS EW T PBS, 5 ERESR
MR A5 EAE, ) Laemmli 2% 03 4C £ 40 V
HJE FHMK 16 h, #R)5 30 V HEJE R 30 min. 4% 2
60 V HiIE 2.5 h, 758 I 2% i i (25 mmol/L Tris,
200 mmol/L H & &, 20% H [, 4% SDS)H K
JR RS 4 PVDF . S% MR 9k & 1 h, 4K
Ja 104000 Mk )R 5T vWEF —HT(A 0082)%
NSRSV 1 h, PSS 10 4 000 FRE ) HRP
FRid PR PUEs R RV 2 h, ECL AT
M.
1.6 1EF_LEEP vWF KERIHEN

Z W SCR[10] 1 9200 ELISA Kol 9% E3i v )
VvWF Jilsi . RN 10 mg/L () vWF £ 78 B bt
(A 0082)FFfL, 4°C ik % 0 1 Wb b, WEAR s
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5 1%BSA (3 AW 37°C B4 2 h, YebE, ¥
Opti-MEM 53544 1 & 40 R 4n i s 352 135
NFERFL, FEAMER L 6 MR AL, FEFLIN 100 pl.
F 1 8 000 Hi Bt () HRP #5ic vWF 22 5 [ Hi 44
(P 0226)fE A BRI PTAA, MAIFE S e, HIE
N MLIRAE AR, B vWEF 5508 100%, Ff
an VWF 2510 5 b i PUBE I 11 (iR
1.7 &3 LEH vWF 44 FVIAE DB E

ZWSCHR 1] 77733047, F PBS #a Bk 5
A 3 mg/L Pt A vWF £ g B Piik (A 0082) 4C
FEALIN 100 pl ELBEREARAR, 4°C 0% B I 5 Pei,
A4LHH 200 pul PBS-1%BSA =¥ E M1 1 h 5 ¥Ed
PRt B LN 100 wl F PBS-0.1% BSA H ¢ ik
5% IE S NS IS, Seu 4441 100 wl A
PBS-0.1% BSA #i Rt il 5% 1) 40 o 155 7% L3, 37°C
WFE 1 h JGYei, &AL 400 mmol/L [#) CaCl, &
W0 30 min LLERR S vWF 45410 FVIL, 2R J5 M
WK EE 500 we/L FF4G, &AL 100 wl A PBS-0.1%
BSA {5 ELFR B (9 N 4] FVITARvE Sy, =30 E 1 h
RN G551 FVIL, el s L0 100 wl ¥ B2 A
2 mg/L (¥ FVIIE # 5. v B i 44 ESHS, 37C Wi H
Lh, Ji1: 5000 #FE A HRP Aric il 2Pt il
P, 37CHEE | h JGPE, RNV EKY OPD ¥l
B, 2 mol/L 1) H,S0, £ 11 ) V., 490 nm i3
B BAFERTATRE 6 NS, U4 vWE 45
& FVILIIRE ) LAIE B NS Ll S 454 66 1 v 43t
TR,
1.8 EFLFED VIS EMEFENNEE DT

2 [ SCHR[12] I X0 BLISA A I 13 Hh (1)
BDD-FVI &% &, FWKEEHN 2 mg/L 1) HEEE 4T ESHS
LRI FRAR,  BEAR S BEFLH 200 wl 35 1 (PBS +
1% BSA+0.05%Tween 20)37°C £ }41, KRl &E 1 5%
IS AT Opti-MEM 8535 R B (R bR e S FVIL (9K
JE S Ol 300~ 10 wg/L), REAFE S SCREAN R
(bR HE b 23 P AT AR 6 AN FL, BEAL 100 wl,
37CH A 1 h. Vet &AL A 100 pl 3K JE
2 mg/L (1) HRP Fric % 4 #.41 HRP-ESHS, 37T if#:
B 1 hJE¥et, ik MNVJEY OPD % 37C B,
F 2 mol/L [¥] H,SO, &1l ) B, 490 nm #5280, 227
PRAETAE IS, AR DA 1) EIE RE S R B AR
YR 261525 BDD-FVIIAJE .

Z: W SCHR[13]1H Coatest 7 €7 73 A7 1l 71 & 4 i
AP A L3S 1 PVt DUIES A&t
IfiL % (FVILE PR 1.0 U/ml) Rybsie i, i Opti-MEM

BRIR iR e, R AN 5 405 nm Kbz R G AE
AR B 0 LU A B AR R . RO AR A9 AR AR 43 531 22 1l
PrfEm 4, EEE TR IS RE IO AE MR th
LRv tBAH NI E 2 LU fE, LA 100%24 1.0 U/ml 4
A i I VLA 1k
1.9 HFHitFELE

R x + s FoR, 2 FEAKBULECRT ¢
K 2RI B CRCR T S R 2 2250 T, 4[]
PIPTELBER ] ¢ K036, P <0.05 bR BAA40H2%

2 & R

2.1 EBHEFTIEHMKIME

4 vWF [1] cDNA T Cys'™. Ser™ & it~ Hi Wy
K= BN, M. C), 735l Ssp DnaE I 5 JIK 11
N ¥ii (En)s C %ij (Ec) #1 Ssp DnaB N % IK ) N 3
(Bn). C uig(Be)difih /7ol fl &, I 70 REB Rl & 3 A
(1) 5" 3 b vWE 45 5 Ik 5 40, B i) st 1 o
4 H ¥ % i5 # /& pCMV-NEn. pCMV-EcMBn /I
pCMV-BeC 7R & B &l 1 js.

VWF cDNA(8.4 kb) |

Split the cDNA into three parts
and add intein coding sequences

Al aI(K)s Cysl(m Lysztm S erzma
Bn B
S N W S M SS C
pCMV-NEn pCMV-EcMBn pCMV-BceC

Gene co-transfection, expression
and protein trans-splicing

- Ligated intact vWF protein -

Fig. 1 An illustration of vector construction
and protein trans-splicing

SS: Signal sequence of vVWF.

2.2 EFLEFHH vWF S BESHER

FH A 25 R A5 1) = BE vWF LR L #E 5L 293 4
MG, oriri g bl Won i Qe dn i AT 5 B AR
VWEF JE K] G (BH P o) ) AT LE 5 A AR AL vWE
Z BB, Mock 5 Y F1C A 5 Ik 10 — B
VWEF 3[R L % Ye i i R 0L vWF 2 B Rk,
Bl 2 Pron, RO = HB RSN — B vWF LRI R IE
JEAE 2 Pl S IR ) B B4 R = 2R 1) S PR Ak
vWF 8 [ R] 02 B AR il e 3 5 B3
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Fig. 2 Multimer analysis of transgene expressed vVWF
in supernatants after gene co-delivery
Normal plasma or culture supernatants were electrophoresed on SDS/2%
agarose gel followed by detection of vVWF by HRP-conjugated antibody
against human vWF. I: The mock-transfected control; 2: Normal human
plasma; 3: vWF gene-transfected positive control, 4: Intein-fused
tri-fragments of vWF genes co-transfection; 5: Tri-fragments of vWF

genes co-transfection.

2.3 EFLIERRY vWEF IRED

Rl A A BRI = Bt vWE 5 PR 4 L 293 41 i
Jii, ELISA il /3 235 5% B35 ) vWF Prlsis,
SERWOR(E 3), JLEEILR AN Fi ) vWE $LE K
FH(219 £36)%, FEEFA T vWE D 40 B L3
h(240 +32)%, o & KRR ) = Bt vWF SE R 3L
B i 35 R (248 £23)%, —F 2 AP 5 TG W
B2ER, HI e TR 2R vWF PR K

E 300 I Hsk sk
sk
-
& X
=9
ER
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sk
0
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Fig. 3 Transgene expressed vWF antigen levels in
supernatants after gene co-transfection
Normal human plasma was used as a vVWF reference (100%). Data are
represented as the x + s, n=3 in each group, **P < 0.01 ys normal human
plasma. /: Normal plasma; 2: vWF; 3: Intein ligated vWF; 4: vWF
fragments; 5: Mock.

2.4 3EFFLEET vWF 44 FVIRE D BINE

vWF il it 5 FVIHEILA 25508 2048 € 5 & A
Fs ML IR A i 43906 1) vWF 5 PV 4 & 00,
SR WK 4), NSRRI =B vWF A

4 7 W ) vWE 1 FVITII 255 1891 + 9%, 5
IE M (WA 100%) FEE 742 B vWEF ik R BE 41
H1(94 + 5)% AL, TGP & IKRELA 1) = Bt vWF 3k
B BEDR A0 5 3% 3 R Mock % G20 Ja 34 K AS 2
FVIIZs6 7, RBIA & IKBT B 1t vWF HAT I
1 FVIEs & e d), WorIL/Eh VI A8k e

120

—

DN X O

S O O
T T T

Normal plasma FVII
N
(=)

binding capacity/%

N}
(=
T

(=)

1 2 3 4 5

Fig. 4 Capacity of transgene expressed vWF
to bind FVII after gene co-transfection
Normal human plasma was used as a vWF reference (100%). Data are
represented as the x + s, n=3 in each group, *P > 0.05 ps normal human
plasma, **P < 0.01 ps normal human plasma. /: Normal plasma; 2:

vWEF; 3: Intein ligated vWF; 4: vWF fragments; 5: Mock.

2.5 EFLEF PBREEENEESH

Y FVIIZAA SR 11, vWE 5 FVIIR 4545 Al {4
P VI 52 £ 1 7K fift T e 2 8 i Ao LIS 1k
vWF IR D Rem b 24k At FVIIDhRe R, 5l
SR P R RS I AR RABAI B AT R I, vWF B
DIRerI kY%, ABT ZRE0E R, FH BDD-FVI
B a N & I = B vWE 25 R 3L 4% 293 41 il
N(E5), sy B R IE FiE ) BDD-FVIHUE & 4
(270 + 25) wg/L, S1E X BDD-FVI + vWF
SLEEJL AN (285 + 32) png/LAILL(P > 0.05), W
T HAE;: BDD-F VIS D 0 40 i (123 + 20) /LA
BDD-FVII 5 76 4 % kRl (1) = Bt vWF 5 DA AL 4 e
AMI(112+17) pg/L (P<0.01), 1fiJ5 &AL P>0.05.
AHRVHE, 40 M5 I FVIAE DS P 20 A o
(K 6), WHIKBIEM vWF 7] 4 242 7 BDD-FVII%%
FEDR 5 43 Wb = A2 1 FVILYE 14(2.2040.24) U/ml, 5%}
W VWEF #5358 K 3217 (2.320.14) U/ml, 11 W] B 1
Hph i BDD-F VI X 4 e (1.37+0.26) U/ml #1776 P
B KRG ) = Bt vWF # LR 41 f9.(1.23+0.12) U/ml,
P<0.01, 1M/GMEAHLL P>0.05, Mock ¥% JeX} i
1 FEAAS WA 1) FVILRIE 1
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Fig. 5 Quantitative analysis of secreted BDD-FVII
antigen levels in supernatants by ELISA
The data are represented as the x + s. n=3 in each group, **P < 0.01 ps
BDD-FVI transfection, * P> 0.05 ys BDD-FVI transfection. 7: BDD-FVI;
2: BDD-FVlIl+vWF; 3: BDD-F\l[+Intein ligated vWF; 4: BDD-FVI[l+vWF
fragments; 5: Mock.

=3
.E sk sk
S,
2
2 ¥
ERL
=
o *x
0
1 2 3 4 5

Fig. 6 Biological activity of FVII in supernatants
by Coatest assay
The data are represented as the x + s. n=3 in each group, ** P < 0.01 ps
BDD-FV][ transfection, *P>0.05 ys BDD-FVII transfection. /: BDD-FVI;
2: BDD-FVI[+vWF; 3: BDD-FVl[+Intein ligated vWF; 4: BDD-FVI[+vWF
fragments; 5: Mock.

3 it it

AT FUAETATT LA A% vWE BY 42 S5 1 St
W, G AR SME TR LA A i, AR
R AR 5K N vWEF R 3 i 3 B, 5 I FIA )
I IE, Bl Ssp DnaE N5 JIKFA Ssp DnaB P 75 JIk
i, M 3 NERRRIEEE, GG Rk
(1) 3 Bt vWF 2 JIK i 8 1 5t 8Y HeA4 I 200 45
SEREN VWE 731, FRE DI Ty 1 iR AN
—MZRAE AW R BN, i PSS & 5858 ur
W13 FVIIBA DI RE MM AL, Il FVITHE R L G
SIS UE B B AT (2 2F FVINER 11 23 W P4 e JLE P 1) 2
RE. BRI T A% A R B A LA A Ay v
15 EE AR EIK, 24 2RI 100 ZF0, AN[H
() A 25 1 1B (RIS Bl o) i 1 o B e
R 3 HUTEEA B B, PR R S5 i H e
JTU T S R AR SR A B IR ) A 1 D B
Dt AT KA — T8 I AE P H R4S B0 N

WA A, brid. AU AR EE
JTU ) BE IR i s A,

A IBYEE  h RAE T 53 IR (eds ) B
AT 0T R rans) IFE R ASCRIHN &
Jk iy E s X By e, L Ssp DnaE NIk
S RIRAAAEI R XA - B IR, 17 Ssp DnaB 9%
MR B IE. AR, R By e A
(1) Ssp DnaB A & ik A T I 24 5 th 2L A ke i e o
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Post-translational Ligation and Functional Multimerization of
von Willebrand Factor After Intein-mediated Tri-fragmental
Gene Delivery in Eukaryotic Cell”

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 von Willebrand factor (vVWF) is a huge multimeric plasma glycoprotein with important functions
involved in thrombosis and hemostasis. Its qualitative and/or quantitative abnormalities result in a bleeding
disorder termed von Willebrand disease (VWD). Gene therapy is favorable for treatment of VWD because this
disease is monogenic and the vWF is a secretory protein making non-specific targeting organ required for gene
delivery. But the vWF gene is hardly packaged in most existing viral vectors especially the desired adeno-
associated virus (AAV) vectors for its oversized cDNA in size (8.4 kb). The intein-mediated protein trans-splicing
was explored to co-transfer split three fragmented vVWF gene into eukaryotic cells by a ternary-vector system and
the functional vWF protein was expected to be formed posttranslationally by protein trans-splicing. The vWF
cDNA was broken into three fragments before codons of Cys'® and Ser* which required for protein splicing and
then fused with Ssp DnaE and Ssp DnaB inteins respectively. A group of three eukaryotic expression vectors were
produced by inserting these three fusion genes into pcDNA3.1(+) respectively. By transient co-transfection of 293
cells with these three vectors the conditioned culture supernatant was observed for vWF multimer pattern by
electrophoresis, analyzed for vWF antigen and binding capacity of coagulation factor VI (FVI[) quantitatively. With
FVIl gene co-transfection, the antigen and activity of FVI in the culture supernatant were measured. The data
showed that with intein-mediated protein irans-splicing after translation the culture supernatant from cells
co-transfected with intein-fused three fragmented vWF genes displayed a vWF multimer pattern and FVII binding
capacity similar to normal human plasma and cells of vVWF gene transfected positive control, and the FVII secretion
and activity were increased dramatically in F VI gene co-transfected cells indicating the functional recovery of
spliced vVWF as a F VI carrier. It suggests that inteins could be used as a powerful means for tri-fragmental
co-delivery of the vWF gene and may be valuable for application of intein-based ternary AAV vector in split vVWF
gene delivery in gene therapy for VWD to overcome the packaging limitation of AAV vectors.
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