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G2 ML I ABW A W] 5 % 2558 R VWP TV . TritonX-100 1 A b st &R e ERHE A BRA A
k4l 2, L IE O LS TR B 1 R B2 AL 22 R R0 A BR A | L 4842 & E B BRI (vitamin E acetate, VE)
T A BBI A H] L AEEM 4E4 R K (VK AR K -2, 3- ALY (VKOOI A Sigma 24 #].

1.2 A&
1.2.1 HPLC & VK fl VKO ) %1

FH OB € 3% 43 B 4S04 Bt LA L R 2 B 2 A R KL B3 A8 Eclipse XDB-C18(4.6 mm X 150 mm,
5.0 pm)  FiL A A CHE-F A EE (RFLEE S 92,5 ¢ 7.5) i 1.2 mL/min, K0 3% K 248 nm, B iR 40°C , JEAE
it 30 pL, #EFE IS VEBLES [R] 2 25 min.
1.2.2 bR AR i AR P AR i 1 T

HAERLH] 500 pmol/L ) VK # WA 50 pmol/L B9 VKO ¥ . 3% 65 LA Bk S 43 SIS ) VK Al
VKO MFRME TAEWR. VK bR TAE W 00 4 B 4 %1 & 500.00,250.00,125.00,62.50,31.20,15.60,7.80,3.90,
1.96,0.98 pmol/L. VKO #5 i TA/EB 89 #2351 4 50.000,25.000,12.500,6.250,3.120,1.560,0.780,0.390,
0.196,0.098 pmol/L.%5 FHXT Bl LGB, FH £ 6 e AN [ vie B2 A U ot A2 3RO E TG TR 6 A 11 25 248 A
i N AR, FEZE B VK L VKO 3 82 o, IE O Be e i 35 4 248 3 E IS B2 5 19 25 5L 7).
1.2.3 4% 35 LSO 2 4 9 VKOR i 4 1 13 4 21

293-GGCX-knockout ZH i 7E A FR 73 8k 10 %6 B 4 1 % 1) DMEM 58 4 85 38 Fe b Bs 5. 7 0 72 293-
GGCX-knockout 401 Ay VKOR 3&PE 4046 2 10 cm LA, B4 01 2 90 %0 7 35 R mf, il VKO R & ¥k
JER 10 pmol/L, k228537 4~6 h J5 Y40 A B4 ) VK AT VKO X F 4275 MR HL2 L 78 i A VKO
4 TRV ESE A AR bR, 283k R 10 pmol /L.
1.2.4 VK Fl VKO A H 5 & &

ML S . 3G R W O WA A M, A PBS Wk 3 Wk, JE AR A M T VE s A 1 mL 40 2 A R

(50 mmol/L Tris-HCL pH7.5,150 mmol/L NaCL, & 5344 1% TritonX-100) , it Jig (i 40 il 78 73 24 . & T
VK E 20 min G IR] PR BE 1 20 5 M B OB I 500 pL SNEE, B HEIR S 30 s, BIIA 500 pl & 44 % E
i B3 TR (R o 1 mmol /1) B IE & %8 IR BETR 2T 30 s, B F1 AR F P B0 4 & A E 30 min(BEBE 10 min 4 jiE
1052 000 r/min KFE0 10 min, BEBHE LS W2 E ) B TR L IRHE R 0 2 A LA
FIZKAH W H 450 pL BRA MR T 2 mL AR G E R R R T O G 5 IR ECE 6 A MLAE A SR 5 R i
T CECA PR IR T A 100 L i S A5 H0RE B2 i &R 5% B 04 1 v 1 00 3 S 4 Vs i R R A2 B0y 1.5 mL
BEOEH .13 000 r/min.4 ‘CEL 10 min, B EFF HPLC 404

2 # B

2.1 HEWMEEM

A3 5 208 BRI R R BE A & VKL, VKO, VE Rl B &8 VK, VKO Fi4E 5 £ E B RR R 1R 55 1
HEAT (0 35 43 A 4G 0, A 98 SCHR VBB 248 nm AT I KDY VK, VKO FI4E 4= 25 E SR 8 f4 45 B2 1 1] 43 51 24
4 17.1,11.7 F1 14.3 min(E D). = F I HAF 72 WA T 70 8 R 47, B T3,
22 HRAEMEMEER

FH HPLC 43514081 VK F VKO PR HE G AR I Sk BE S A AR A o X6 10 118 06 18 R A G0 A A 2 £ 2 P T
5B A5 B 1 H 5 2, B A A e ith 2 (B 2) 85 R R W], VK 7E 0.97~500.00 pmol/L Y& BE G A, vk
FE S0 TR AR R R A RN Y =24.804X +19.54 (& 2(a) ,R?*=0.999 9).VKO 7E 0.097 ~50.000
pemnol /L BV FEE S LN, Wk B S T AR B RO R  H D FE 2 Y =54.9X +6.05 (& 2(b) ,R*=0.999
&) M AT VK B E 7R A 0.97~500.00 pmol/L, VKO B 5E S BR 4 0.097~50.000 pmol/L.
23 RBEEMBEME

T RN ik R R R T A S BE A L LR (62.5,125.0,375.0 pmol /L) 3 ik EE Y VK BT
B AU R (6.25,12.5,37.5 pmol/L) 3 Rk EE Y VKO 48 FE 08 AR B B 5 8 T — 20 CukFi b



% 4 A, AR T T 4 A F K SRAALW T REEE LG F & 109

PRAF A IESE 1.2.3 d HEATE s 2 AT, B A P i 5 R A2 5 0k ARl b 3 A o il 26, 20 A7 H 9RS 5 3
H )RS 2 B R [l %6 (38 DLZS SR MR VK M H NS ZE N 0.1% ~1.2%, HIDRE % R 0.2% ~
1.6 %, %R 94.0% ~98.9% s 4 W BE VKO [ H WA % R 0.30% ~1.70% , H M K5 % FE -l 0.9% ~
3.2% , R H 94.3% ~103.2% /AR (% D.
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Fig. 1 Chromatograms of the detected substances.
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Fig.2 Standard curves
2.4 GGCX EFERKMEMBNE VKOR F
AR AR TR AL BRZH () GGCX &K W B 4 A . 4% 1.2.4 J7 k22 U VK R VKO, FEZE B Bt I A4 2E R E
T T2 15 A LB » FH 1 20 B AS TR RE S A 2 BB AR b i i 25 5 SR SR I FE R AL B A, W LAAS I B FE R 4E A R E
it 2 i 1 06, HLUEEAEL S VKO Ab EATARRL AH B A7 R 1) VK AL VKO B9 5RE 5 018 (T 3 Ca)) 18 B 240 B P9 R 1
VK 1 VKO #0502, PR Z 40 VKOR G PR, A VK F1 VKO %Il E VKOR 3 P 1Y
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S AT LG AE VKO 2B, mT LIS I 3] VK A1 VKO A9 , 356 B 48 i 2 i VKO J5 . 78 VKOR B fEfL T
B4 VKO #8 Ik KB 3(h)) s AR 3 1 1 AR B o #h 28 40 51 3 5 VK Il VKO B . VKO 955 18R
g Cyx/(Cyg +Cuko) s T 1 VKO ML R LN 35.5% .78 VKO S ERILLBEH (K 3(c)), th T4
PR S d VKOR WP, S8 VKO Afigdk VKOR & 58 K, B DL 3E E E BT E] VKO, 1 %A 16
M VKE 3¢ . [k VKO LR R o.
R1 VKM VKOMBEEMEKERLER
Tab. 1 Results of precision and recovery of VK and VKO

T e o B B/ H A 2% B/ %% H [a]Kg a1 i P v o B e B/ H AR /% ENER [l e
(pmol + L™1) 14 2.d 3d FE/ % R/ % (pmol « L™H 1d 2.d 3d W/ % /%
VK 62.5 0.4 0.4 0.1 0.2 94.5 VKO 6.25 1.7 0.7 0.3 3.2 103.2

125 0.5 0.6 0.4 1.2 94.0 12.5 0.5 0.7 0.5 0.9 94.3
375 1.2 0.8 0.1 1.6 98.9 375 0.5 0.5 0.4 1.4 100.3
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Fig.3 Chromatograms of extraction from GGCX gene knockout cells with different treatment
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PR 7 s & — Bh )30 8 VKOR W& PE 89 J5 vk N e T 2 B8 mp 30 ) VKOR 5458 B9 1 500 PR Ry i 07 i
WAl LA Mg AE K A GGCX TG AR B gT g3 T —Fp 3 T HPLC 91 VK Al VKO B 7 % . i%
J5 5 (AT A DRl e P v E A MR A LA A T e 1 0 3 R TE T SR O Ak i B R, 0 R S T R Y L
{51 6T DA T2 R 1S 0 B ) AR B 8, Ui/ S T L fB) o S 0 g 1 e s ) A G L HLUEE TR T R R AR R BR B T
S B A I 400 1 0 2 SR TR i e A A i B R T B TR] i Bl AR I RR S S B AR AR L S 92.5 2 7.5, 05 —
JrE TR K DL 3 MO AE4E L NG 36 20 2 VKOR §E M, 8 i VKOR @) VK A GGCX
Ak KO, AR B AE GGCX J R i bR 1 48 i v I . VKOR 36 M, 7T DL HEBR 48 i T GGCX i 1 %t
VKOR 3§D 5E 5930 A8 A HH 2B VK A VKO 893 B2, o8 1 40 B 28 BUER AV 2o B2 X 45 SR AY 5% i, 52
W BEYE L R E BEIREE R AR 1] 43 BT 45 A 2 B 4 SR s e L 2R b R S E S ST A VK A VKO
(975 s B GGCX HE X R B 0 20 I & 326000 8 VKOR 35 Pk F5 5 #0 1) VIKOR 3100 56 351 1 S 72 01 0 e 358 25
(B A B b R A,
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A cell-based method for detecting the activity of vitamin K epoxide reductase

Xu Yaqi*, Wang Yiyi‘, Li Fei®s Qiu Wenhui*, Shen Yan®", Shen Guomin®"

(a. School of Basic Medical Science; b. Henan International Joint Laboratory of Thrombosis and Hemostasis,

Henan University of Science and Technology, Luoyang 471023, China)

Abstract: Vitamin K epoxide reductase( VKOR)is an important target for the development of anticoagulant. It is applied
with important value to measure the VKOR activity for the identification of new inhibitors targeting VKOR. However, a re-
porter-gene assay has been widely used to determine VKOR activity indirectly, it could not be used to identify new inhibitors
targeting VKOR. In order to establish a method for determination of VKOR activity rapidly and directly, which can be used to
identify inhibitors targeting VKOR, here we develop a method for the determination of vitamin K and vitamin K epoxide based
on HPLC firstly. The method is simple, rapid, accurate, reproducible to determine vitamin K and vitamin K epoxide, which
can be separated well. On the basis of determination of vitamin K and vitamin K epoxide, we use a GGCX gene knockout cells
to determine its intracellular VKOR activity directly, which can be used to identify specific VKOR inhibitors easily and quickly.
This method will provide technical support for the development of new anticoagulants targeting VKOR.

Keywords : vitamin K epoxide reductase; high performance liquid chromatography; vitamin K; vitamin K epoxide; war-

farin
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