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GLA-PC/DKO #iff"" #£47 VKORCI i P52 5 Fil iy
VKIEFESLLG . HMIAH 2 6 FLAR b, > 4t M %% FE a5 3]
50% ~70% W}, A7 BoRiEE e, 6 h 5 FH & A AN A4
DR 1) 58 A 1 F5 FE AT 40U . Ak2LE5 55 24 h
J& , WA AN A T LUK I RS S5

1.2.3 ok ke B R 00 40 M 18 1)
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U, BRI A AR M 2L % [ 495 20 mmol/L NEM .50
mmol/L pH7. 5 1Y = %2 F 3k 2 Jk F o 46 iR 5 ( Tris-
HC17.5) 150 mmol/L & 4biMiz i ( NaCl) 1% il $r
i# X-100( Triton X-100 ) 125 = B il 57 |, 20K |
FFE 20 min S5, K A0 R RS BT ELO B
I DTT (29 2y 100 mmol/L) £ [|: NEM #Ric,
13 000 r/min 2.0 15 min, B E R HIT 2 e 5
TR G 2R 1A s T Ji B3 10 H Uk ( SDS-PAGE) , B ) 2
FI L 2 R — 9 £ M (PVDE) JE B 3R 47 4 2 B
WL . AR AR 5 5 20 VKORCT HL ik
TR RYAZAL , ] Tmage] 73 H7 28 11 5 B[R 45 R 1Y 2%
SRIE . AREMRARAE B REA A A TR 5 1A
MRALFR 2577 — A A B H DK IR B 3R (0 45417, FR
Hik Rt . MR = TR R/ (TR iR +
AT REE ) o

1.2.4 VKORCI 7Pk 5 3 VA B A ik AR 47 4] 45 A 89
¥ 47 ) & & (half maximal inhibitory concentration,
ICs,)  VKORCL i #EUI i A iy BiFak ™ o ) 2K 62
£ B2 50 (ELISA ) A I 4 it 155 55 b 35 9 o 490k 1)
FIX-GLA-PC #5 AR Ao T 11 FiAS [] e B A
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DKO Zi 1,36 h J5 il & b 3% & H 43 W 1) FIX-GLA-
PC 25 R AR AR 1C,,

1.3 FHitFEAE X3 REE KM LR
Graphpad Prism 5 #PFEA 5815001, 1T ¢ K g A7

A e 22 52500, 5 B AR R VKORCI 45 & 48154k
(IR IT RS R L, P <0. 05 R ERH G2k X,
A N EIERE A P <0. 01 il B E k25T, a4l
AL . i ] Graphpad Prism 5 24 i il
A5 5] 1C,,

2 HR
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AT Hrd s VKORC 54 pk i 45 G R T
AR A i RT3 VKORCI 2R [ R 30 H s PR
M HLUKIE RS 2 (& 1A ) o BB AR ARV BE 10 3
VKORCI AT RS 551 B Wil /b, i PRt i 7% 4%
RGN (E TA) o XT84 A VKORCI , 24487
MRUEEZA 21 nmol/L ], s 3T 5t AT LAIA &
FEEM—F(E1B) . ST TEESLE BN, &
M VKORCI 11§ 1C,, 25K 12 nmol/L( & 1C) .
PRI, FEL KT A% 58 19 8 A0 S B T 423 Mok VKORC1
EPER SRR
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SEIGAIFTE MG PR B3 DG bR = A i 24 1 1 s U
P R IA KR VKORCT A2 7L bR 25 58 A8 4 (£
1), S50 R SRR 25 A 55 Y 28 A8 1R, 4 127V
AA4LS FI S56F Ak | & 14 HEL Tk IR A% AR A iy i 32
/NFEFA R VKORCL (8] 2A (3% 1) s 7E 5T 25 M 1 28
AsfR e 41 A26P \W59R \L128R il Y139F, 47 k5|
R RR AR ATN R (B 2A 3R 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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(554 VKORCL A LL P <0.05) (& 2B) FIAE
B4 (P <0.01) (K 2C), HAEXHARZEDY
1, FHIG RAETE MG 5, RIAIERS AL 1C,, 3
TH5iER41(P =0.039) (& 2D) s NiE B4 rF- 3
e A0 ot 5 T 55 BB 41 (I 2 ) | i PR 7 it EL A%
HNER 1 s HZER TG E X (P =0.132),
Syt B VKORCI 58 748 {4 () 48 75 Mk it 2
PR R P T — LN A R 175 28 48 0
VKORCI Heyk bRt 24 58 28 (A F HL VK GE A% SC B0 it 4743
Bro HREHEIARIN 2450 , B8 GRS 43 55 it 245 58 AR {4
(NRwar <3), 41 YI19F \V127A il F131A ; J1 B it 25
PEZEAS A (NRwar =5 ~10) , 71 Y25F F1 Y119A; D)
B 245 14 58 A8 (4 (NRwar > 10 ), 411 Y25A [ F55A
F63A LI20A fl1 LI24A (B 3A .3 1.32), 4508 %
B, S5 25 1 58 A0 1R I 7 1 5 7 A= 7 VKORCL 254
) L VK A% 38 I RS 5 v BE TR 245 1 5 732 K I8 7o s XoF

HET IR FE A AAS A BRI 553 3 5 5 Bk it 24 1 28748
R AR (E 3B) . He#k Y25 1 Y119 [ F
FIA 245, Y25A F1 YI19A H Y25F A1 YL19F B fif
2, 5—380, Y25A R R AT RN Y25F RN
5538 (1 3B) , YII9A (i B ikl B R AR b 55 55 , 1
Y119F [y yik iE #% %48 {1k JL-T- 5 ¥ 4= A VKORCI
FIFICE3B) o K kTR R AL T Tk, 45
FH T A A VKORC 5 55 1 24 M 98 A8 R 2 ] 22 5%
TG (P >0.05) , 77 B 4= 4 VKORC1 F1th
BETR 251 5 A2 (AR (P <0. 05 ) sl it 24P 58 A5 R (P <
0.01) ZEIEFAGI¥=E L (K 3C) . 45 LAk,
HLPK TR R AR b5 VKORCI 282 (AR (1t 24P AR 5
2.3 VKORCI1 BikEBERWTHEES NEM (&
iR EER C16 85X h TARIEARBLAT NEM (& 1ifi
VKORCI g2 e 2 i J 5 35 Tk B 6 A8 Ak 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

3 AERABBTEEENEERMARTENTEKFNEBEREL

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.
Tl EFRRATMARTEHENIT—UHHEME(n=3,x£5), *2 AEBRARFTEEHANEERTZERETEN
eRFIE. Bk EBRTHMEHRLE LT (n =3, x £5) (IGRFIE.
Tab.1 Electrophoretic mobility shift, normalized RIkEIBETUMEMGCE
resistance(n =3, x =) , clinical dosage and Tab.2 Electrophoretic mobility shift, normalized
structural location of natural warfarin-resistant mutants resistance(n =3,x +) , clinical dosage and structural
location of Ala scan warfarin-resistant mutants
VKORC1
M . Normalized Clinical dosage Mobilit Structural VKORC1
ants # ! Normalized Clinical dosage Mobility Structural
(naturally  resistance (mg/d) shift location mutants . . .
. resistance (mg/d) shift location
occuring) (Ala scan)
A26P 60.4 £13.2 20 non-shift ™1 Y25F 9.1£3.1 clinical data not available weak T™I1
L27v 1.6£0.3 7 weak ™I Y25A 42.7+7.9 clinical data not available non-shift T™M1
H28Q 2.5:0.6 clinical data not available weak ™I F55A 268.5 £34.1 clinical data not available non-shift L1-2
V9L 20.8£3.3 14 weak ™1 F63A 31.3+3.9 clinical data not available non-shift L1-2
AMP - 27.2£2.6 27 non-shift  L1-2 Y119F 2.0£0.3  clinical data not available  as wild type M3
D366 2.5:0.4 20 weak L1-2 Y119A 6.8 £0.8  clinical data not available weak TM3
AIS - 1.3£0.3 16 weak 112 L120A  91.2+13.1 clinical data not available  non-shift M3
V45Av 2.20.5 . 4 . non-sh%ft L1-2 L124A 15.4£1.8 clinical data not available non-shift TM3
S52W 4.5£0.9  clinical data not available nO"_Shfﬂ L12 VI27A 2.8+0.6 clinical data not available  as wild type 134
V4L 11.8£2.2 21 =16 non-shift L1-2 FI31A 1.9£0.3  clinical data not available  as wild type 134
S36F 2.2£0.5 clinical data not available weak 112 Compared with wild type mobility: P <0. 05 in weak mobility shift group; P <
R58G 3.5+0.8 34 weak L12 000 it shi
W59R 84.9+14.3  clinical data not available non-shift L1-2 -0 I non-mobility shill group-
V66M 3.30.6 307 weak L12
N77Y  9.4:1.3 25 non-shift L12 W NEM &40 2k e = R, ¥ &t T VKORC1 15 7 4>
1123N 9.0+1.0 linical data not availabl -shift T™3 NN 2% AR %
i st sl sl SRR A (K (1 40) . RLRHE R 2. B
LI28R 39.7+8.4 44 £5 non-shift 134 bk . . -
Y139H 6.6+1.0 clinical data not available non-shift T™4 {iﬂi]&/ﬁ‘* Y£ 7[?'(4& B4 ’ Cl6A %RAZ M:m 2N ":H 5 ET
YI39F  94.4 £12.5  clinical data not available non-shift T™M4

A7 VKORC FIAETEAREE G I AHARL Y L BB B HEL 3K
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TR (E 4A) . MEZ T, RIEAT AL AR B
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VKORCI ZE AL i) P i #% 257 (] 4A) . AH I,
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IR RN . 3B adk DPS Lb IR, {4307 5 2k b
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e 2 2 2 A8 AT 3 B H bR ) i T R RS 2R 5 AR
TE%A DPS A FEGE BT, HA C16A ZARAK R
PR L VG RS R (& 4B) , B, C16 2 5 4
NEM &4 & LUK B R AR I SCHE R R

EIHE LA BP AR B VKORCT il bk 42 1R 58 2%
{RTEA TG NEM Ab B (1 H 3T B8 3 R it — 25 UE 52
NEM #rict C16 XfHL KT R . 450 B, K
22 NEM Ab BRI, B 4= 8 VKORC1 Fl2f Jbk 22 ik 55 45
PR IR IE RS 2 (18 4C) 5 1M NEM 2035
B C16A AR AN, HoAt iy o YT B 3 #0028 18
(E4C), Ak, CI16A AR (R L4 NEM &5 , HiE
R/ INH 2252, X ULE NEM 81 58 A8 (4 1)
HAb e E PR AT B R WA —E . % Lk,
NEM X} VKORCI ) C16 /i j& 5 SO L ik iE # %

MR R &K .
3 itig

H 1A PR 7 2500 2 VKORCI 28 A5 (4% A8 7
R 52 7K A GRS 52 564 F DTT 38 JUiE it
VKORCI ffEALAE R, E Fi 5 3k Jo i ki I 1) Kk 2
BRI 25 2 (R B Tt 25405, 7T REZ P g DTT
B3R T VKORCI B R AR A AL JFUR A
YA VKORCT TP 5255 T Dk e b [l 2, HLifit 24
IKOF- 5408 BT I R R A T RS
B 3 0 5 L PR T y-R ALK P SR AT (R T
y-FRAL R AEAE AR 2 KGR T iE , PR sk oz )
J5 i R BB 200 5 VKORCI I 1 A A 2 okt He iy
il AW R BT iE ) NEM FRiC) VKORCL, £
I H T % 28 1 728 6K 3 B 2R B4 VKORC1
HAEMNES G R TT . XL T g Tk AT, Al AR A i
SEAET AN VKORCL J&PEME A 1 #hFE. 1%
4 DTT K3 (1 355 P00 ) L6058 A e Mo 6 1
777 DTT 23 FLAG AR ARG & i I A i
240 ARG 00 8 1M PR 2 A K T BT P Y R
VKORCI J& MR A . A EZ T, LIk 52
5 w] DA R 43 B A 40 IR B P AR A AR
VKORCI Hyg5&6E7 .

VKORCI 5455 5 o th B PR B vk il
B (B 1A) o Ry B 3K Bl 7% R AR A i AR Joit,
LA DPS FI NEM 4b 2 872 7 VKORC1 Fi1: i
RIRGENR FEHAT IR (B 4) o RTIRFZE S ™
7N HETE AR B B NEM A2 1 VKORC 1 A (14 2 e 2 R J2:

Warf WT Cl6A C43A CS1A C85A CI96A CI32A CI35A
(+NEM) + - + - + - + - + - + - + - +
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
B WT Cl16A C43A C51A C85A C96A C132A C135A
DPS - + - + - + - + - + - + - + - +
(tNEM)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
c WT Cl16A C43A C51A C85A C96A C132A C135A
NEM + - + - + - + - + - + = + - + -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

4 C16 L NEM {&ifiRET VKORCI Ry KTEBETN
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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FECLVKGE B R AL B K, i DPS AT LU 5
Bi— 2 e R AR T — X 2 e 2 R TR A A
FEAH ] NEM Fic e 242 2 i, H DPS kb H40 L,
] VKORC1 Hr i 5 2 bt 2 B K B DPS &4 ifii A
JEPE NEM &4, 5 NEM 4392 K [A], DPS {5 ffi 5k
DPS 15 AL AT LAdE o DTT b J i % . R,
DTT 2 11 Ji5 , 78 VKORCL Hi7=4: 7 4 DPS I
NEM F7ict (1 i 25 21 e 20 R . F: e 2R C16 A
NEM &4 2 i KB AR TR CHEN = . #ig b, H
TRAER R 3N -5 00 1 1 A AR AR R, T
C16 i NEM &1 Ji5 i) 2 W43 1 A8 AL K F 1l 0 28
B (FEAE 124 u 22 5) , H 247 C16 i NEM &14fi A
S FHOX AR H A, FET R4 R
M VKORC 28 [ 1) 20 25 ¥ 7 H Yk 2t A rp g 43 £
BATE SDS Hf HEGIJE C16 Fr7Efg TM1 7] REAF 76
3 WRE 45 F4 , IT LA AR 18 i B R kG A SR
NEM f&/fii C16 J5fE it T TML g SDS [y Pk, ffi gy
TERRAALI 55 . KL, C16 B NEM & i ()
VKORC1 A £ &4 () VKORC1 7E Bk T8 % I
TR AR 22 5

I H T A% S 58 A0 AT T AR R AR B A R
VKORC1 45 & K& M B mt b 32 1
TMI, 55 TM1 [/ C16( /& 5A, ZE44ER) 545 NEM
(B 5A, ZERsk) 181, 2 #i Sk %7~ VKORCI (14
M. 2R BR C16 255 i NEM & 1ifi (&l 5A,
£2) s M Z R, 43k S VKORCT 145 & 51k
VKORC1 FyZ5Hg it 51 ™) i C16 fi B A M g
FEE F 45 F R AN 32 NEM &4 (1 5A, ),
S8 EF K VKORCL By HLIKIE RS SR,

5 R VKORCI A L, A3 AT 24 28 A8 1
TETEMREE B RE 1720 55 80 TML A543 T ff C16 2
#2 ok, AT AT A NEM & 4fi (& 5A, 47) o Rk
7E VKORC1 AS[a] 45 44 X [ (4% T™M1 fl TM2 2 [i]
(L1-2) BL K TM3 Fl TM4 22 [a] ] (9878 A vpr | e bk
SRR A E I S K (R ).
VKORCI g4, Hifi 25 28 A8 (4 (1) 53 45 7T LA 43 Ry
H,—HATFREMARGE G D48, 54 b H 1 i
(K SB, NREIWEER) 5 95— 40 T 4% 048R e v
FR S B 25 4 X 3 (18] 5B MBI RS Bk ) o WFg!" W,
X A AR TR 24 SR AR IR T 5 IR AR 5 A
T Ak ks & AR R E v, IR 59 T
VKORC1 S5m0 45 &6 (I 5B) .

L 20 M ) 0 P 0 S 3 v, R AR T 24
SRARRIN S5 A BE I8 5 A AR e A1) 1Cs 41

A Wild-type Resistant
VKORCI1 mutants

Flexible Rigid Flexible
Peripheral

ER lumen

Warfarin

Membrane
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B S5 SHERESERK VKORCL B4
T4 R PR 2 SR AT IG A0 73X Foh 1
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 Wengi'”, 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 VKORC1 electrophoretic mobility. The activity of VKORC1 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,
VKORCI1 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 VKORCI1 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, VKORCI] 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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