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Abstract: Xanthine oxidoreductase (XOR), the key enzyme catalyzing purine to produce uric acid, including
two subtypes, xanthine dehydrogenase (XDH) and xanthine oxidase (XO), respectively, in vivo. Usually, XDH and
XO can transform to each other. In this study, based on the principle that the subtype XO or XDH uses different
electron acceptors, the methods for the measuring the activities of bovine milk XOR (pure enzyme) and its
subtypes were established. The optimal concentrations of substrate xanthine (50 pmol-L™") and electron acceptor
NAD' (50 umol-L™), pH value (7.80) were investigated. The ranges of the XOR, XO, XDH activity which could be
determined were 0.97-17.5 U-L", 1-9 U-L", and 66—1 191 mU-L", respectively. Furthermore, the methods for
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determining the activities of XOR and its subtypes in mouse liver were established. The preparation of liver

samples, the optimal concentrations of xanthine (100 pmol-L") and NAD" (100 umol-L") were researched. And the
activity ranges of XOR, XO and XDH in mouse liver which could be determined were 0.67-3.98, 0.19-1.08, and
0.52-3.55 U-gprot, respectively. With the methods above, the effects of classic XOR inhibitor allopurinal (Allo)

on XOR, XO and XDH from both milk and mouse liver were determined. All animal experiments have been

approved by the Animal Experimental Center, Institute of Materia Medica, Chinese Academy of Medical Science
and Peking Union Medical College (00003346). This study established new methods for the determination of XOR

and its subtypes activity in pure enzyme system and in mouse liver, respectively, which were accurate and

convenient. It laid the experimental foundation for exploring the different pathophysiological effects of XOR in the

body and developing new XOR inhibitors.

Key words: xanthine oxidoreductase; xanthine dehydrogenase; xanthine oxidase; enzyme activity determination;

enzyme kinetics; inhibitor
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DR, FE R i Y TR 2 58 O ik
AW B J5 P9 22, Bl IS M W8 (hypoxanthine) #4816
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PL O, 1E N ¥ 5248, fRE AL 5 A2 11 P s 1 48 (reactive
oxygen species, ROS): A [ & ¥ (0,7) Ml b &
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B179321337769) & H 3% [E APEXBIO /A % ; NADH (it
5:092722230214) I H L E = REVHE AR AR A
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XO B IEYEN 1.3.9 U-L I, 2ot s 37 X 43 1) g 2~



Wi 2 e 4t BN S Jir WA ) B 03 A4 00 5 77 925 ) 2 S 5 2

+ 3019 -

0.6

= 04

0.2

- PBS buffer

29.

nm
— UA 50 pmol-L"!
“ NAD'50 pmol-L"!

Arend

0.0

Figure 1

T T 1
300 350 400

Wavelength / nm

T
250

Xanthine 50 pmol-L™!

B ;54 C 0.6q
15 y=0.0097x +0.0002 06
R*=0.9999
1.0+ 0.4
£ H
~ ~
0.5 0.2+
0.0 T T ! 0.0 — — |
0 50 100 150 0 5 10 15
UA / pmol-L* t/ min

Determination of bovine milk xanthine oxidoreductase (XOR) activity. A: Absorption spectra of substances in the reaction

system, absorption peak of uric acid (UA) at 293 nm; B: UA standard curve; C: XOR catalytic reaction curve. n =3, X+ s
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e, ERER, £ pH 4 6.50.7.00.7.80.8.50 B, £k
SN X 53 ) 1~15.1~12.1~10-1~10 min (& 2E),
B0 2~4 min B RO TR XO WS 1, 24 pHE A

A 047 xoruL! C
<

0.0 . — .

0 5 10 15

t/ min
B D
089 xo3u-L!

g
&

Figure 2 Effect of xanthine and pH value on the bovine milk xanthine oxidase (XO) catalytic reaction and activity determination. The
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theoretical activity of XO was 1 (A), 3 (B), 9 (C), 27 (D) U-L™, respectively, catalyze different concentrations of xanthine to formation UA;

E: Effect of pH value on the XO catalytic reaction; F: Effect of pH value on the determination of XO activity. n=3,x+ s

Table 1 Effect of xanthine on the determination of bovine milk XO activity. n=3,x+ s

Xanthine / pmol-L"!

[XO measured activity / theoretical activity ratio] / %

Theoretical activity 1 U-L"

Theoretical activity 3 U-L"

Theoretical activity 9 U-L"

Theoretical activity 27 U-L"

25
50
75
100

1062+ 1.5
109.3+1.5
108.8 £ 0.7
118.6 +4.4

95.9+1.5
101.5+0.2
1053 +0.7
105.7+0.2

94.4+49
99.8+0.5
101.5+ 0.6
103.6£0.9

58.0+3.7
83.2+1.6
87.5+£0.6
883+24




+ 3020 - #2224t Acta Pharmaceutica Sinica 2023, 58(10): 3016-3023

Ab 72 XOR J XDH % 1 R #, A3 XORVEME#E, H W% & T NAD™ A

& Z2 W NAD" KT 100 pmol-L™ i} 23 %} 293 nm 4k 100,200 pmol-L™ Bl 5 1) XOR i 4 (K] 4C), M RES
UA K38 5% T4, NADH ¥ 100 pmol-L™ 5} %} 293 nm R FENAD7E 293 nm (1) T4 2% (B3A). Frll, XDH
A UA RS M8 K A R AR FEAA T340 nm 2 XOR J5PE I 5E 1) £563E NAD WK A 50 umol- L.

4t NADH fJ #6531 . #£ 0~100 pmol-L" § NADH ¥ 1 € XDH J XOR AL s B 1) B pH B, 1%

2k (K3B) HEN & iR 37 °C, XO 3 U-L", xanthine 50 pmol-L",
Ay om = 0.004 7-Cy, . — 0.000 7 NAD' 50 umol-L™', ) B [A] 0~15 min, 7£ pH 4 6.50
SR 2 XDH 5 XOR 3G PR 2 [ 5 3E NAD K, 7.00.7.80-8.50 B 43 753 i XDH 2 XOR % 1 .

i B AR R 37 °C, pH 7.80, XO 3 U-L", xanthine TEI & XDH 3G PERS, 24 pH A 6.50 B, il 5 B 8] 715

50 pmol L, Sz M I [A] 0~ 15 min, 43 53l & NAD A 5. W Ay -t ARG, HR 34 pH I A4, -t

10.50.100.200 pmol-L™ i XDH 2 XOR i 4 . fih 28 28 1 S B [X 3 1~9 min (K 4D), $14 2~4 min

7E %€ XDH #&PERT, 24 NAD N 5,10 pmol-L™ i, B N R 14T pH 7.80 I XDH i 1 i K. 7E
D52 B 8] 98 BBl A, -t -G ZRPEAEE, 2 NAD N 50, JE XOR WG VR, 4 pH N 6.50 I, A, - I 28 28 1 J v
100200 pmol-L™" i, A, - il £& 28 1 ) B X 43 531 A XN 1~15 min, 2 4% 34> pH B 1) A,,, -t 112 28 1 )
1~10.1~12.1~15 min (& 4A), W5 2~4 min Bt~ M IXIHH 1~10 min (B 4E), 5 2~4 min BV i
SN IR R 1T 54 XDH i PR . 7R D E XOR i % 515 pH N 7.00.7.80.8.50 IFF XOR W& M #ET, H.
B, 24 NAD 4 5,10+ 50 umol-L" B, A, - il 28 28 1 W %5 T pH N 6.50 I [¥) XOR 3 ¥ (K&l 4F). BT LA,
X )9 1~10 min (/& 4B), 04 2~4 min B XDH & XOR & P4l 7 (1) #5¢1& pH {E 9 7.80.

A 25 < 299 3gonm 7 PBSbuflr B 0.5+ 3= 0.0047x - 0.0007
F ==+ UA 100 umol L™ R2=0.9999
204 /% N . 0.4
. “+ NAD' 50 pmol L
----- NAD' 100 pmol-L™! - 0.3
- NAD" 200 pmol L™ g
0.2
— NADH 100 pmol-L™"
0.1
0.0 T T T i 0.0 T T T 1
250 300 350 400 0 25 50 75 100
Wavelength / nm NADH / pmol L

Figure 3  Absorption spectra of substances in the reaction system and nicotinamide adenine dinucleotide reduced (NADH) standard curve.

A: Absorption peak of NADH at 340 nm; B: NADH standard curve
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Figure 4 Effect of nicotinamide adenine dinucleotide (NAD") and pH value on bovine milk xanthine dehydrogenase (XDH) and XO
21001 CUrve of NADH catalyzed by XDH with different concentrations of NAD"; B: 4
by XOR with different concentrations of NAD"; C: Activities of XDH and XOR measured with different concentrations of NAD"; D: Aot
curve of NADH catalyzed by XDH under different pH value; E: A4,,, -t curve of UA catalyzed by XOR under different pH value; F:
Activities of XDH and XOR measured under different pH value. n=3,x+ s

catalytic reactions. A: 4 203 am-t CUrve of UA catalyzed
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S € XDH J& XOR & 4 o] I v B, DA R 36
37 °C, pH 7.80, XO 3 U-L", xanthine 50 pmol-L",
NAD" 50 pmol-L™' il 5 XDH & XOR i P Ak, %
5 XDH J XOR B8 75 14 15 F b A sz N T3 26 1 2 1 5%
2, SR 5 s . XOR i A E B N 0.97~
17.5 U-L"', XDH 3 £ o] MI5E F 5 66~1 191 mU-L™'.

B
_ 0010 _ 03
g = ¥
‘£ 0.008 } =
e - 202
£0.006 : i
3 0.004 3 o
~ A
0002+ | & ;
g # Ng ~
0.000 I. T T T 1 0.0 I' T T 1
0 500 1000 1500 2000 0 10 20 30
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Figure 5 Linear ranges of bovine milk XDH (A) and XOR (B)

activity determinations. n =3,x+ s

25 b, XDH J& XOR i Pl 78 1) fe il 25 A 2 ROV
& & BE L 250 pL, & PBS 22 W (pH 7.80), JE ¥
xanthine 50 pmol' L™ (&K /&), NAD" 50 pmol- L™ (4K
), 37 °CJ B, £ 5E K 340 nm Ak A {E, U5 2~
4 min Bt S N 38 22 1 5 XDH WG PR, 7T 5E v M VE LA
66~1 191 mU-L"; 3% 22 & P K 293 nm &b A, L&
2~4 min B V38 35 XOR G5 P, AT e % 5
HN0.97~17.5U-L",
1.4 HIZESEEXT 4 405RIE XOR R E T AGEMNE] N
FH EL 57 1 4R W5 5K U5 XOR & HL 7 4 XO L XDH il i 74
W8 J73%, MLEE XOR il 7] 77 W2 v B2 PR Akl VR FH o &5
T 6 fr s, I3 P WA B 6 4 35 ok 9 XOR . XO . XDH
T B LA B B AR A, FE 4D H) XOR.XO . XDH i
PEIC,, 18 53 5 N 4.95%10° (K 6A).3.18x10° (/& 6B).
4.57x10° mol-L" (& 6C).
2 /NERATLELE XOR K H I BYE M E 75 5532 L
2.1 PBFLELRMESRSBIE  HFA PBS L (pH 7.80)
145 4% BT 213, B0 (4 °C, 50 000 xg, 30 min) 5k
S FHI; B4 mL BIE AR N 10 kDa 440 B 0, 5
L (4 °C, 4 800 xg, 20 min), 73 %] > 10 kDa # ¥ W
(LS1) f < 10 kDa €1 (LS2). Z ;- h2kJi XOR
T R 2, R R IR 37 °C, pH 7.80, xanthine ¥ &
50 umol-L", NAD" # J& 50 pmol-L"', EFf 10 uL, M
B 18] 0~ 15 min, 4351 5 LS1 A& LS2 " f XOR i 1 o
iR (B 7), LS2 A RefiEAb =k UA; LS1 n] 531 54
W RJR XOR Ak [ B2 RALL 1 | 7 T 28, 8L & 2~4 min
B M 2, 1F 545 XOR W& 14 1.67 + 0.09 U-gprot .
Tt B/ ST 423 XOR B A7E4E T LS1 .
2.2 FFELXOFEMME FHhE XO ifH il e ik
xanthine ¥ &, i% P4 R E 37 °C, pH 7.80, LS1 L

A B
§ 120 © 120
= =
@]
2 90 8 X 90
b= 5]
> o)
= 604 = 60
= &
2 <
2 30 2 30
g =
T) Qo
o0 T T T I! B
-10 -8 6 4 -10 -8 6 4
Log (Allo / mol-L") Log (Allo / mol-L")
C
& 1204
-
5
= 90
S
=]
2
E 5
o
[
2 307
=
©
&0 T T T T
-10 8 6 4

Log (Allo / mol-L")
Figure 6 The inhibition of allopurinol (Allo) on the activity of
bovine milk XOR (A), XO (B), XDH (C), respectively. n =3, x+ s

0.8
——LS1
----- Ls2
0.6
g
5 0.4
=
0.2+
0.0 I — .
0 5 10 15

t/ min
Figure 7 Determination of XOR activity in mouse liver. LS1: >

10 kDa liver sample; LS2: < 10 kDa liver sample
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Table 2 The effect of NAD' on the determination of XDH and
XOR activity in mouse liver. n =3, X+ 5. "P < 0.05 vs corresponding

value when NAD" at 25 pmol-L"'

Enzyme activity / NAD"/ umol-L"'
U-gprot’ 25 50 75 100
XDH 043+0.12 0.84+0.18 0.89+0.11" 0.92+0.02"
XOR 0.80+0.14 1.19+0.08 1.15+0.09" 1.15+0.13"
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Figure 9 The inhibition of Allo on the activity of mouse liver

XOR (A), XO (B), XDH (C), respectively. n =3, x+ s
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