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Protein trans-spliced chimeric human/porcine BDD-FVIII
with augmented secretion
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Abstract: This study is to construct a chimeric human/porcine BDD-FVIII (BDD-hpFVIII) containing the
substituted porcine Al and A3 domains which proved to have a pro-secretory function. By exploring Ssp DnaB
intein’s protein trans-splicng a dual-vector was adopted to co-transfer the chimeric BDD-hpFVIIIl gene into
cultured COS-7 cell to observe the intracellular BDD-hpFVIII splicing by Western blotting and secretion of
spliced chimeric BDD-hp FVIII protein and bio-activity using ELISA and Coatest assay, respectively. The dada
showed that an obvious protein band of spliced BDD-hpFVIII can be seen, and the amount of spliced
BDD-hpFVIII protein and bio-activity in the supernatant were up to (340 + 64) ng'mL " and (2.52 + 0.32) umL""'
secreted by co-transfected cells which were significantly higher than that of dual-vector-mediated human
BDD-FVIII gene co-transfection cells [(93 + 22) ng'mL ™", (0.72 + 0.13) wmL"'].  Furthermore, a spliced BDD-
hpFVIII protein and activity can be detected in supernatant from combined cells separately transfected with
intein-fused BDD-hpFVIII heavy and light chain genes indicating that intein-mediated BDD-hpFVIII splicing
occurs independently of cellular mechanism. It provided evidence for enhancing FVIII secretion in the research
of animal models using intein-based dual vector for the delivery of the BDD-hpFVIII gene.
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2 FVII & (A i1 FVI P2 R IR T 1 2486 4 .
ST PVIN SEDREE RS (1 L RIVG T 7 & VB Dby 5 DR 95 1)
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# (adeno-associated virus, AAV) # A& H T 1] 5E A%
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BHE S5 AEM S REERA YT 0 Xiao Xiao U715
HERE, KRR, &A% BDD-FVIII JEF cDNA
[ B % 63K TR pcDNAS-BDD-pFVIIT 56 [H 5 2k
HLK% Dong Yun #(#7 8 . 4 A\ BDD-FVIII 4
45 Ssp DnaB intein 4 ht /3 41 fil G 3 R 3k 244
pCMV-HCIntN 1 pCMV-IntCLC A A\ BDD-FVIII
FRIEH AR pCMV-F8 12 ARG T 45 kg e
COS-7 40 s hy A EARAE -

TEEEEZERT WEEADIN. DNA R
At 71 & DNA 4r 15451 H New England Biolabs
8 w); Gel Extraction Kit. PCR Purification Kit A1 Spin
Miniprep Kit ¥4 Qiagen 22 7] 7. DMEM F1 Opti-
MEM };7%3&. Lipofectamine 2000 %% 44X 7] & H
Invitrogen 2 ], 4= L3 A Hyclone A ). AF 4
FVIII & BioChain 24 w]/™ fh, A FVII [JHEFE A2 [X
LT LA 012 4 MyBioSource A & 77 f, A FVIII
BBk C2 X B TE e Hik ESHS8 X HRP Fric [ ESHS I
Fl American Diagnostica 2 @]; HRP #rid FIARHTIA
FVIII £ 55 BEPUAAIA [ Novus 237l ; “EH0H HRP- 4
F ECL plus Western blotting detection i 7| & 1 GE
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H] P e FVII IS PEARL I COATEST SP FVIIT i 7
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EZEERERNMEE NERE, KA
LR @S AN FVIID S 88 F 485 Ssp
DnaB intein i 5& P (1) 214 Fokl pCMV-HCIntN F
pCMV-IntCLC 737l #4444 pCMV-hHCIn #1 pCMV-
IchLC. EA pCMV-hHCIn J#iti, HIIE 5149 5-TAG
CACCGGTCAGTTGCCAAGAAGCA TCC-3' (¥ Age
I ) A1) 5149 5'-ACTAAAGCAGAATCGCAAA
AGG-3', JxIn] PCR 4 #4153 2% intein il &1 2 A1 X
I NUE FVIIL FEEMBAKRFF 5] DNA Fr Bt BUE YR
FVIII [¥] cDNA Jy#5ii, HIE 514 5'-GCCATCAGG
AGATACTACCT-3"F [z [n] 514 5'-TAGCACCGGTTT
TGGATAAAGGGAGACACG-3' (% Age I 7 ) PCR
P HREUR FVIL Y A1 X w741, Age 1Y) P B PCR
PR, 38Rk intein (1) /% ik & BDD-hpF VIII
4R Ik Bk pCMV-hpHCIn. L pCMV-IchLC K #
i, FIEm 514 5'-AAGTGTCAGACTCCCCTGG-3'
514 5'-AGCTCTTAAGAAAGCTGCGGGGG
CTCT-3' (% AfIIL A7 5), S In) PCR 434159 27 intein
1% A3 XIS FVII 256 M40k 751 DNA Fr Bt
PR IE FVILL 1f) ¢cDNA AR, HIER 514 5'-AGCT
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CTTAAGAGAACCCGACACTATTTC-3' (% Afl 11 fif
1) M 514 5'-CTTGCTGTACACCAGGAAAG-3'!
PCR ¥ 9% FVIIL [ A3 X 4ifih /341, Afl 11 53 51l g 1)
PIBL PCR W) a4, 1942185 intein [ AN/E KRG
BDD-hpFVIII #4 & 35 844 pCMV-IchpLC.
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TRE, BT 250 uL 1) Opti-MEM R 771, 5 & il
B 5 min K155 8K 20 pL [ Opti-MEM 15 783 250
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WEMNA COS-7 4055 m phis 4 pCMV-hpHCln
M pCMV-IchpLC, T#4%)5 24 h & I P92 41 o 4k 25
9% . A pCMV-hHCIn F1 pCMV-IchLC L4 4t
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TR, RELERETR 48 he WORIGFRAN U AN I7 FIE W
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pERE S EiER T B2 K BDD-FVIII iRE
DM S EOCER[7)H X0 ELISA R b i b i)
4K BDD-FVIII & [ 4. B BRIRE N 2 pgmL ' )
A FVIIL B4 A2 X P 012 I 96 FLEEFRI (100
uL/AL), 4 CHPEB; FVERWE (PBS/0.05% Tween
20) emOS, BEALIMAE A (PBS+1% BSA+0.05%
Tween 20) 200 uL, 37 Ci& A 2 h; PebUEEER 7 I
THWA A Opti-MEM  #5 7% Wi # B (1) b fE il FVIIL
(300~10 ng'mL "), FEANFE S FbrdE Sl B S 3 AN E AL
(100 puL/fL), 37 CHLE 1 h; WebUEEFLINIA 2 pgmL™
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T TR b 71 it 1180 3 2 TR R S 2 A1 0 ¥ s 7 A ottt £k,
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FVII K EAH
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(1%~20%) FE R ETEHE (20%~150%) P RHA
RH, FEHIRON G 405 nm A EEHOR R, DARRRE
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NG AT FT A3 X 53 T3 48 A B 05 53 1 IR RH . 25 A4 35K,
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2 M ERNREMEAREE
0 o 5 8K (1 HE4T SDS-PAGE. # i 5 1] FVIIL £



RHFEAE: A RABTHRIN /B 1k & 48 BDD-FVIIL L 50l i) s

© 1235 -

T FEPUABEIT ) Western blotting 455 (K 2) &R,
JL#E intein @A Kk A48 BDD-hpFVIIT =5E B
FE (hpHCIn+IchpLC) ¥4 Ha v] WL — 45 B 2 11 15 4%
Y N BDD-hFVIT H D] ) i 41 s % 125 1) BDD-
hFVIII & K/ —3 1) 55 4% BDD-hpFVIII & 14571,
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Figure 1 Schematic representation of FVIII constructs. The
wild-type human full-length FVIII (wt hFVIII) contains three
distinct structural domains including Al-3, B, and CI1-2 and
organized in the order of A1-A2-B-A3-C1-C2. The human
BDD-FVIII (BDD-hFVIII) and porcine BDD-FVIII (BDD-pFVIII)
were shown with retention of their small B domains. A pair of
Ssp DnaB intein-infused human FVIII heavy and light chains
termed as hHCIn and IchLC were constructed as control. Another
pair of Ssp DnaB intein-infused human/porcine chimeric heavy
and light chains termed as hpHClIn and IchpLC were produced by
replacing the human FVIII Al and A3 domains with porcine
FVII Al and A3 domains, respectively. SS: Signal sequence;
In: N-terminus of Ssp DnaB intein; Ic: C-terminus of Ssp DnaB
intein

IchpL.C

<— Spliced BDD-hpF V111
(170 kDa)

<— hpHCIn (103 kDa)
=— IchpLC (86 kDa)

Figure 2 Observation of gene expression and BDD-hpFVIII
splicing from gene co-transfected cells by Western blotting.
Lane 1: Mock transfection showing no reactive protein band;
Lane 2: BDD-hFVIII transfection showing a expressed BDD-
hFVIII protein band; Lane 3: hpHCIn plus IchpLC co-transfection
showing a spliced BDD-hFVIII protein band with a molecular
weight similar to the control (BDD-hFVIII transfection) and
incompletely spliced protein precursors (hpHCIn and IchpLC);
Lane 4: hpHCIn transfection; Lane 5: IchpLC transfection
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Figure 3  Concentration of spliced BDD-FVIII protein in
supernatants. Nn=3, X+s. P <0.01vshHCIn and IchLC co-
transfection and BDD-hFVIII transfection. Note that supernatant
of mixed cells individually transfected with hpHCIn and IchpLC
genes showing detectable BDD-hpFVIII produced by protein
splicing
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2T FE ATP, DAK oy b sk R N P 5 W9 532 48 o R
PR IL o T OB IEAAB G, 135 35 P 4 ik DR S 56 i
WY R 22 I ) 20 W 28 R e I T 48 44 (1) BDD-FVIIL &
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& BDD-hpFVIII ##E (hpHCIn) 3k P& 40 i 43 i 1) =
B2 IKE MR (19+6) ngmL ' Hl (72+9) ng'mL ",
JEHE W RIS (P<0.01), Ui AL X R A {2 dk ik
HARERE S WIIVER . Sil4 intein W3R REILE L
(hHCIn+IchLC, hpHCIn+IchpLC), 4k ) 73 s 43 7
iEF (138 +28) ngmL ™' Fl (457 £ 9) ngmL™', W&
MIELH R 25 (P < 0.01), RS AREELIRS
A EEBE I 3 WAE F S N oA ko &G Eodk o3 b () B 42
BDD-FVIII 7341, BY4:8 7 AR 5 1 67%~T74%,
Wi B A DLW AE 1 7 A g R 1) 0 T

Heavy chain/ ng-mL"!

Figure 4 Concentration of the heavy chain in supernatants.
n=3, x+s. "™P <0.01vshHCIn transfection, "'P < 0.01 vs
hHCIn plus IchLC co-transfection and BDD-hFVIII transfection
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BERGILD (IchpLC) 41 1) 325 73 W 58 (556 + 79)
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FEA AL (IchLC) 40 i (1) % B 73 WA B [(268 + 46)
ng-mL "], LI FVII 211 A3 X 0] 5235 (e 23 ik
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L EEILDY) (hpHCIN+HIchpLC) 4 il fr) 42 e 23 Wi i Ay
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IS FH AR A v A ) 2 5 DT b s 77 3 V)
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i ESEWE T (2.52 £ 0.32) umL™, WIEETA
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Figure 5 Concentration of light chain in supernatants. n =3,
x+s. P <0.01vs IchLC transfection, ~P < 0.01 vs hHCIn
and IchLC cotransfection and BDD-hFVIII transfection
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Figure 6 Coagulation activity of supernatants. n =3, X*Ss.

P < 0.01 vs hHCIn+IchLC co-transfection and BDD-hFVIII

transfection. Note that supernatant of mixed cells individually

transfected with hpHCIn and IchpLC genes shows detectable
coagulation activity
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T FVII B AZ A0 M 8 ACPARBR ] 7 H 2 v o
T VI R R B 1R 5L DR VR 7 4 F R A RV I 7 Aty
KTAHE. ECTFRMIEREAP, AAV 1 IEE0H
PEL ARG AE RN AN A TR R R AR
8D 5B AE T P RO AR Ak R DR YA T 1) B AL A
AU, {2 AAV AR R R (~4.7 kb) (i HifFis
# FVII FERE 2 R sk, BDD-FVII [ kMK 4.5
kb, 0 EiAFEICA R AAV Bk R & .

H 0K /NS 8 734850 7 e e AAV 25 R
il ) S BT — 8 ROR, H T 2 2R S R o
TR IO, FIEACTRAR! 2, 32 B il A
AAVS Fl AAVY Z A% BDD-FVIT 3 RI7E 5256 /) U
137 B I TR S SR IR, B = K B S B
WA M BT FVINL & e 40 i v n T sh gt
RE AR B SR T SRAHLEI AR, SRAIXU AAV 3
A4y 5l BDD-FVIIT [¥) 5 5 A4 I R 2 o il AAV
BRI 5 — A ok O {H— AN )
RO AE NS T e 4 WA KT ) AR 4 22 I, IR Wl )
B 22 JIK— D7 THIASE VA R T 40 6 P ) R 22 TR A i AR
BAREEEFESMMETI, 55 W Wi
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