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1.1 ##  N-2H 3w i ( N-ethylmaleimide ,
NEM) . & J5 82 ( dithiothreitol, DTT) 2,2~
WE i (2,2 -dithiodipyridine, DPS) fEHk #i Flag
M2 Hifk ZEE R K fgeA: R K A (vitamin K
epoxide, KO) Il H Z£ [# Sigma-Aldrich /A &], DMEM
Br R ARG A4 M5 W B SE 1 Invitrogen AW, LR
b FIX-Gla 45 #4 J8 50 55 B BT 1K 1 H 55 [ Green
Mountain Antibodies 23 7)o AR o S AL P i ( horse-
radish peroxidase, HRP) {B ¢ i) 245 A& C ( pro-
tein C, PC) HL 1AWy B Jin & K Affinity Biologicals /%
Ao

1.2 7Hi&

1.2.1 Jraatysd K VKORCI [ 5a e 2 75 47 %¢
TG BERE A 1) AR A A pBudCE4. 1 /) CMV £ 3¢
N, T VKORCL i 40 O 1 52 30 0 ff
VKORCI %[N e fE 2| pCMV6-entry 22 i {7 1, I
TR AR EAgEE VKORCI 1 C Biddi A Flag 73451
JEORL, F T HL VKO A% SE 5

1.2.2 menrdffete iz ® | HEK293-FIX-
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GLA-PC/DKO 40 " #£47 VKORCI {5 14 52 5 Fil iy
VKIERESESG, AN Al 2 6 fLAkrh, X 40 i 2% iR 3|
50% ~70% W}, A7 BRI EE s, 6 h J5 TS A AN R4
PRI 1 58 A B F SR AT 4 . ARZE 55 24 h
J& WA AT LUK RS S

1.2.3 @ikt ke BER B0 40 M 19 1)
IR £ 2% ik ( phosphate buffer solution, PBS) %t 1
U, B e I A 4 M 224 g v [ 6255 20 mmol/T. NEM (50
mmol/ L pH7. 5 [y = 5 HY I ik W1 ¢ 5 IR £6 ( Tris-
HC17.5) 150 mmol/L 44Nk ( NaCl) 1% fl$r
i X-100( Triton X-100) F1EE F B il 50 |, 720K |
HHE 20 min J5 K5 A0 M R S BT B OB
A DTT (£33 B 9 100 mmol/L) £ |- NEM Fzic,
13 000 r/min B5.0> 15 min, B FiE R AT+ ke 3k
Tt R 5 3R VA s T Mg 468 T H Uk ( SDS-PAGE ) |, i Ji5 4
H UL 2 R — 9 M (PVDE) I |, R 47 ez Bp
ISy, AR MRS G T 2R VKORCL Hi Yk
IR, T Tmage] 4307 25 1 5 ER 45 R 1 25
SRIE . AR B AR A AFTEA IERE s AR 1%
MRAEER 25 77— B B B UG RS 32 10 217, B
NiER . IEH R = TR IR/ (IR AT iR +
AR R o

1.2.4 VKORCI 7Pk 5 3o oA R A 3k A% 47 ) AF A 89
3 7 4 & & (half maximal inhibitory concentration,
IC5,)  VKORCT 340 2 4n i B ok ™ o K 4
JEE N BFESI2 56 (ELISA ) 4S040 Jf 15 5% B 38 Wb 0 s 1)
FIX-GLA-PC 25 F R ALK T 1T RS )k B2 A
BERYAETE AR (B 2 pumol/L KO ) Ak 1 5 50k (Y
DKO #iififg, 36 h J5 I 5E b 1F W H 43 i 1 FIX-GLA-
PC HERRIKF, THEAEME 1C5, o

1.3 SFHitZEAE X 3 W EE KM LR
Graphpad Prism 5 8475810047, F o« K3 b AT

AR 22 5 0 M, S A B VKORC S5 45Ak pk
LK RS R AL, P <0. 05 2 R it 247 X,
4 R FLAB AL P <0. 01 N R F 125, i
AEBAL, [ Graphpad Prism 5 F P22 il 47 il
L E 1Cs, .

2 #HR

2.1 VKORCl 5%&ZEHEESHMEKIBET
UEFERBE RNFEEHAEETR T —FMET
VKORCI WHIKITRS 5L 50, fEAHIF 5% h R % 07 1
AT Ardifd s VKORC1 54835k 45 5 e 1 .
AETL AL BRI T 530 VKORCI 25 [ 3t B R
PHLIKE RS 2 (I 1A) o Bl e 2 MRk BE 1 385
VKORCI1 8 FAAIER 25 B Wi /b , i Pt i # 2%
WA M (B 1A) o X FHEPA 5 VKORCL , 487k
MRHEEE 25 21 nmol/L i, PR 1 8 254 1l LAIA A
EEM—F(E1B) , ZETUMEATEESLE R, &
M VKORCL 1y 1C5, 29K 12 nmol/L( & 1C) ,
BRI, HL YK B8 SR 11 AR Ak B i T A2 kX VKORCI
IEVEREIE A
2.2 £ENRFESHEBEIKI® XL VKORCI %%
HHARTEDERARREENRS MABKGER
SIS 5T MG PR £ RO S M= A T 2 1 B4 i 1
Y R I KSR VKORCT FE7L bR 25 58 A8 4 (£
1), G55 R AR 25 A 55 P 28 AR 1, 4 127V
AALS FI S56F Ak ke | 2 11 v Uk A% SR AR 11 i
/NFEFAERS VKORCT (B 2A 3% 1) 5 AE R I 25 1 1 52
AR G A26P  W59R  L128R 1 Y139F, 4&3: 4k 5|
R RIKIER R AR AT R (B 2A 3 1),

FIHH Image] 43#7 4571 , 8 T H ROk AL TR
AR IEE (B 2B #12C) AR G240 L 22
B, K BRI AR MR TR 2 28 A8 1R 4y Ry 55 i B Al

A BA Harf shift Conc.~<21 nmol/L CA
S100 $ 100 1C,,~12 nmol/L
k=l =
g 80| 2 80t
Warf(nmol/L) 2 ks
Z 60 & 60
0 39 7.8 156 313 625 25k i K
u G =l
S 40 S 40t
y :
«g 20 S 20 F
% 0 1 1 L ] g 0 1 1 1 1 1 1 1
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Fig.1 Warfarin binding to VKORCI1 induced its electrophoretic-mobility change in dose-dependent manners

A; The mobility shift with increasing concentrations of warfarin ( Warf) ;B Quantitative analysis of gel bands in A;C; The inhibition of warfarin on

VKORCI activity was analyzed using cell activity assay.
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(5 ¥R VKORCL AL P <0.05) (¥ 2B) FIASEE
B (P <0.01) (K 2C), HEEBXPAHRBERL
1C, Al PRAGTEMGRN i, R AT ALY 1C,, 2 =
THIEBAH(P =0.039) (& 2D) ; NEB AR
Ik RS e 2 T 551 E RS 20 (181 2E) | e AR i B A%
fHanZ% 1 iR (HER TG E L (P =0.132),
Syt —L B VKORCT 5872 (A 1) 42 1 bR S 24
P, AP IE T — 2N AR AR K
VKORCI AL bR 24 5 A8 7 F vk 7 52 30 i 4743
Mo ARHEARTI AR 25 1 , 35 IS 43 55 i 24 14 28 A8 {4
(NRwar <3),%0 Y119F \V127A 1 F131A ; B 2%
P2 R (NRwar =5 ~ 10) , 41 Y25F F1 YI19A; A
e it 2454 €745 4 ( NRwar > 10) , 411 Y25A  F55A .
F63A LI20A f1 LI24A (K 3A .32 1.32), 4%
W, 55 25 PR 2 A8 A i 7 1 5 BF A2 8 VKORC 25141
1R FL VKGE A% 228 ) A% 5 v B T 245 1 9 728 R J 7 1 XoF

HETF AU S AR AU AN A B (1 55 3 5 5 iR T 24 42 28 28
SR AR (B 3B) . Hhig Y25 Fi Y119 5 F
FA 75, Y25A F1 YI19A F Y25F A1 Y119F i
25, 5 —3, Y25A RIYAANITH M Y25F KIH
55iFF5 (B 3B) , YII9A [ L ykaE RS R AR (b 4 55 , 1
Y119F [y e yik i B8 2R AR fk JL-F- 55 8 4E % VKORCI
FHIRICEI3B) o BRI R A AL AT 1A, 25 51
FEHA A= 8 VKORC 5 551 24 14 58 A8 (R 2 [|] 25 57
TeGiit 2 (P >0.05) , 1M #f 4 A VKORCI Fil b
JETH 251 52 1R (P <0. 05 ) Bt 24P 588 1k (P <
0.01) Z I ZEFA G L (K 3C) . £ LAk,
HLUKIE RS R ARk 5 VKORCI 28R (A (1 it 24P AH 5 .

2.3 VKORCI B} EBENETLEES NEM &
i EER C16 #H%  t TAREAMETE NEM & 1ifi
VKORC H g2} e 2 e 2 5 B Pk B A8 Ab 1 [
F o N i VKORC1 55 A Yk 3 8% 32 48 {6 A 6 1)
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Fig.2 Natural warfarin-resistant mutants show impaired mobility shift in correlation with their IC;, and clinical dosage

A Electrophoretic mobility of naturally-occurring warfarin-resistant mutants; B-C: Quantitative analysis of gel bands in A; * P <0. 05,

**P<0.01

vs WT; D: Comparison of normalized resistance levels of the non-shift and weak-shift groups of the mutants; *P <0. 05 vs non-shift group; E: Comparison

of the reported clinical dosage of the non-shift and weak-shift groups of mutants.
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Fig.3 The resistance levels and mobility shift of warfarin-resistant mutants identified from alanine-scanning mutagenesis

A: Normalized resistance of the mutants; B: Electrophoretic mobility analysis of the mutants; C; Quantitative analysis of gel bands in B; " P <

0.05, **P<0.01 vs WT.

F1 EFRRATMHEREGENHA—ATEME(n=3,xx5),
IERFIE RIKEBRTAMENGE

Tab.1 Electrophoretic mobility shift, normalized

resistance(n =3, x +s) , clinical dosage and

structural location of natural warfarin-resistant mutants

VKORCI

Mutants ~ Normalized Clinical dosage Mobility Structural
(naturally  resistance (mg/d) shift Tocation
occuring )

A26P 60.4 +13.2 20 non-shift TM1
127V 1.6£0.3 7 weak T™MI1
H28Q 2.5+0.6 clinical data not available weak T™M1
V29L, 20.8+3.3 14 weak T™1
A34P 27.2+2.6 27 non-shift L2
D36G 2.5+0.4 20 weak L2
A41S 1.3+0.3 16 weak L2
V45A 2.2£0.5 45 non-shift L2
S52W 4.5+0.9 clinical data not available non-shift L1-2
V541, 11.8+2.2 2116 non-shift L1-2
S56F 2.2+0.5 clinical data not available weak L1-2
R58G 3.5+0.8 34 weak L1-2
W59R 84.9+14.3  clinical data not available non-shift L1-2
V66M 3.3+0.6 307 weak L2
N77Y 9.4+1.3 25 non-shift L2
1123N 9.0£1.0 clinical data not available non-shift TM3
LI28R 39.7+8.4 44 £5 non-shift 134
Y139H 6.6+1.0 clinical data not available non-shift TM4
YI39F  94.4+12.5  clinical data not available non-shift T™M4

*2 WEBARFEEEHNEERMARETEY
JA—WUTZEE(n =3, x £5) | GRFIE.
RBKEBETUMGEHLE
Tab.2 Electrophoretic mobility shift, normalized
resistance(n =3,x +s) , clinical dosage and structural

location of Ala scan warfarin-resistant mutants

11;2551 Norfnalized Clinical dosage Mobility Strucl}lral
resistance (mg/d) shift location
(Ala scan)
Y25F 9.1£3.1 clinical data not available weak T™M1
Y25A 42.7+7.9 clinical data not available non-shift T™1
F55A 268.5 +34.1 clinical data not available non-shift L1-2
F63A 31.3+3.9 clinical data not available non-shift L1-2
Y119F 2.0+0.3  clinical data not available  as wild type T™M3
Y119A 6.8 £0.8  clinical data not available weak T™M3
LI20A 91.2 +13.1 clinical data not available non-shift T™M3
L124A 15.4 £1.8 clinical data not available non-shift T™M3
VI27A 2.8+0.6  clinical data not available  as wild type 134
F131A 1.9+0.3  clinical data not available  as wild type 134

Compared with wild type mobility: P <0. 05 in weak mobility shift group; P <
0. 01 in non-mobility shift group.

Bk NEM & 1i it Bt 2 8%, #9 8 T VKORCI (1 7 4~
PP EIR Y PR AR AR (B 4A) o (HAR TR, |
iR FRE B MR B CI6A 2875 M th I /1% H 5 B
A= VKORCT AR ARES G Ja AHARL BB A F ik
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EBR(E 4A) . MELZ TN, RIEFTAETE PR AL PR AT
Bf A5 8 VKORCT 1y A7 HAth 4 e 20 1R 28 28 (R R AN
SN R KT RS R (K 4A) o HETE AL
J5,C43A C85A F1 C96A Ze 75 1A v g 7% H 5 1 A= 72
VKORCI 2 B i PR i 3F B 4545 ([ 4A) o HH I,
C51A C132A 1 C135A Z8 75 (K T0 i 2 75 HE AT A 1
MRALFE , ER AT WL B AR VL MG & 1) K R T
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VKORCI™™ , %}F C16A 78 {A, 48 1 bk b 2 %t
B FE A K,

T UESE NEM & 4fi C16 2 5B Ik E % 32 A48
R CER I 2R, fiT H DPS 43 33k VKORCI 2 Jj
IR RZRA ML . 1E 5k DPS Zb B LRI 25~ bk
FIRA % NEM &40, & M8 4= % VKORCI F1fT A
P e S R 5% A8 AR 3 I PR A H kA AL 8 5 SR T
FEBCA DPS A FE AL T, RA C16A J748 1K i /R
R A KR R (E 4B) . L, C16 & &k
NEM f&/fi & L Uk iE 75 R AR L I G P 25

E LA B A 1 VKORCT Al H: 2 bk 42 1k 58 A5
IRAEA TG NEM Zb B s 11 B Yk G B8 ok ik — ik 52
NEM #ric C16 Xt HIkERS RN . &5 R R, K
% NEM Kb BRI, 5 4= 71 VKORC1 12 e 48 R 58 2%
RS 7 IR RS 2R ([ 4C) 517 NEM Zb35
i C16A AR RSN, oA 1 L Yk 3E 75 R 41 B (2 AR 12
([4C) . BLAh,CI6A Z7A8 1AK% NEM &4 )5 , Hit
BRMA /MY 2SR X UL NEM &1 5828 (4 1)
AR X RS RAMA — R, 25 TR,
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3 itig
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VKORCI [#AEAE R, (HIXFP 7 ik JCvA R 3] K 2
ALK 25 AR TR 251, AT REJE A ol DTT
AR T VKORCL )RR EALIE FUR S 22T
YY) VKORCT 3% M S50 AT DA ke S0 st [n) 81, HL it 24
S ASE SRR 0] Y7 ilN i S 2 Y
3 00 S B I PR ) y-BR AR KR Sk AT H T
R K AR R K AGERA R U, R Ik 3 oA
J7 v BB R 2l VKORCT 37 4 Fl A i pov) 1
. ASBESE & BT i NEM FRic ) VKORCL, K
DN YK I 7% 24 14 A8 AL K 7 i B B 45 4 T VKORCI
MM Gae ). x5 TakT, al/E A
FEARTEMANH] VKORCT 3 MAEH A b 58, 1%
% DTT 583l i 355 P 000 2 ) A8 05 A e Mot il 1 1
IHA7AE DTT 43 BHASHE LRSS A i I ' i 2 T
2R A 00 8 1 PR R A 7K ST 1 T P 4 B e
VKORCI 3G MR . AR L2, o Yk % 5
55 AT LA L ML W 0 B AE 40 3R S P AR TR MR S
VKORCI MZ5&6ETT .

VKORC1 5 Mas 5 )5 s S Py s ikt
MR (B TA) o Sy BRATRK lOT A% R AL A IR,
#e: bk DPS il NEM 4b B85 A 751 VKORCL Fi12f Bt
BRI, VAT IR (B 4) o FTIwrsee ™ B
7R A8 1 ARBH A% NEMAZ 1l VKORC 1 Hp (1) 2 it 24 12 2
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- + - + - + - +
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Fig.4 NEM modification on C16 determined the electrophoretic-mobility change of VKORC1

A Electrophoretic mobility of cysteine mutants with and without warfarin treatment ( + NEM: NEM labeling performed after warfarin treatment) ; B

Electrophoretic mobility of cysteine mutants with and without DPS treatment; C: Electrophoretic mobility of cysteine mutants with and without NEM labe-

ling.
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] VKORC1 Hr i 25 2 e 2 BoKs p DPS &4 ifii A
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NEM #rict (9 3% 25 2 Bt 2 iR . 1 M2 iR Cl6 A
NEM & 4fi e f ok b B AR P e R R . Big |,
TKIERSF M N 5 W43 T 2 9 AR A AR X R o T
C16 B NEM 1&1fi J5 19 2 W43 2 A8 Ak K F 1 01 A8
B (FFE 124 w 25 ) , B HA C16 3% NEM {2 1fi A
S REGX AT R EB AR, ST Rt
I VKORCI 25 7179 — 2 45 6 4 F Uk o e il 43 A
FIAE SDS ot KIS C16 FrfE iy TM1 1] REF7 76
3 BETE 45 48, I LA AR A8 i B PR DK AT B8 3R 0
NEM &4fi C16 J5 {7 TM1 8 SDS ({25 Pk, fifi i
WIER R WAL 55, I, C16 # NEM &1 i)
VKORC1 FIR A& Mi ) VKORCI 7EHLJKEH % I
R AT K22 57

FUFH Pk I B8 S50 40 M T AR VA RS B A R
VKORCI [ 25 & R4 E At i+ 32 1
TMI, 582 TM1 | C16([& 5A, 2248k ) #:45 NEM
(B SA, Zef83Kk) B4, B4k #i Sk %R VKORC1 [y45
e, 45 BoR Cl6 455 g NEM &1 (& 5A,
72) s ML Z R, #e3M 5 VKORCY g4t & 251k
VKORCI fZ i 51 (i C16 Al 3 Ao i 34 6%
PR 125 H IR AN %2 NEM &4 (1 5A, ),
SEEF AR VKORC R IR R ANk,

L7459 VKORCI A Eb , A3 ki 25 58 A8 1k 5
HEARGE G R AR 59 B TML RT3 5405 , ffi C16 2
# ok, T AT Lk NEM &4 (18 5A, 47) o Bt
£ VKORCI AS[a] 4544 IX [ 424§ TM1 1 TM2 Z i
(L1-2) LA J% TM3 il TM4 Z Ji) ] (92825 (A, AR bk
SR MR KA E I sk (R D), &
VKORCI 54w, i 245 5 A8 1A 1) 43 A7 vl LA 434 i
A, —HAL TGS S D48, 58k bK 4 3 ik
(K SB, NREIEER) 5 95— A0 T 4 35i% D A8k 2 1k
(1 B 23 ¥y IX S (] 5B AR ER ) o Rt M,
X 2 AR AR 25 58 AR AR T S I AR 5 A
T & 04 R e, IR 7
VKORC1 54 pRI45 G881 (B 5B) .

ST A 3 P I S50 v, AR MR AT 2
RAMRIGEE A . TS 5 AR AR B AT 1C5 41
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Fig.5 Warfarin binding lowers the structural flexibility of
VKORCI1 and warfarin-resistant mutations increase this flexibility
A Model explains the effect of warfarin binding on Cys16 modifica-
tion; B: Distribution of warfarin-resistant mutations on the crystal struc-

ture of human VKORC1 (PDB 6WV4).
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Warfarin-resistant mutations weaken the binding of human

vitamin K epoxide reductase to warfarin
Wang Wenqi'?, Shen Yan'?, Li Xiaoming'”*, Shen Guomin'”
(' College of Basic Medicine and Forensic Medicine, Henan University of Science and Technology, Luoyang 471023 ;

?Henan Province International Joint Laboratory of Thrombosis and Hemostasis, Luoyang 471023)

Abstract Objective To understand how warfarin inhibition is hindered by the vitamin K epoxide reductase
(VKORCI) resistant mutations. Methods An electrophoretic mobility assay was conducted based on the principle
that binding with warfarin resulted in changes in VKORCI electrophoretic mobility. The activity of VKORCI1 and
the half maximal inhibitory concentration (ICs,) of warfarin inhibiting VKORC1 were detected by ELISA. These
experiments evaluated the binding ability of VKORCI1 resistant mutants to warfarin. Results With warfarin bound,
VKORCI was protected from N-ethylmaleimide (NEM) modification and showed increased electrophoretic mobility,
which was dependent on an unmodified cysteine on the flexible transmembrane helix 1 (TM1) of VKORCI. In-
creasing the warfarin concentration could shift more VKORC1 towards the species with the fast mobility. Compared
to the wildtype VKORC1 , the fast mobility fraction became less or disappeared in warfarin-resistant mutants, indi-
cating weakened binding of warfarin. In addition, VKORC1 mutants with the weaker electrophoretic mobility shift
indicated the stronger warfarin resistant. Conclusion Weakened warfarin binding is the primary cause of warfarin
resistance.

Key words blood coagulation; drug resistance; electrophoretic mobility assay; vitamin K; vitamin K epoxide re-
ductase ; warfarin-resistant mutants; warfarin; anticoagulant
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