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Research advances on the metabolic pathways and functions
mediated by plant xanthine dehydrogenase
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Abstract: The xanthine dehydrogenase (XDH), a molybdenum-containing oxidoreductase
belonging to the molybdenum hydroxylase flavoprotein family, has been identified in a variety
of eukaryotes, bacteria, and archaea. XDH catalyzes the conversion of xanthine and
hypoxanthine to uric acid, which then undergoes further reactions to form allantoin and allantoic
acid. Studies have shown that XDH plays a role in various metabolic processes, including purine
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metabolism, nitrogen metabolism, hormone metabolism, reactive oxygen species metabolism,
and responses to biotic and abiotic stresses. Here, we introduced the structural features,

metabolic pathways, and biological functions of XDH. In addition, we summarized the research
progress in XDH to give insights into the molecular mechanism of purine metabolism in plants

and prospected the application of XDH, with the aim to facilitate future research on the growth,

development, and stress resistance of crops.

Keywords: plant; xanthine dehydrogenase; structural feature; metabolic pathway; biological
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A: XDH WZ5H/RZ &L B: XDH ) = 4E 25 F A
The structural characteristics of XDH!"?!. A: Structural diagram of XDH. B: Three-dimensional
structural model of XDH.
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Figure 2 XDH biosynthesis pathway in plants
B: Biosynthesis of active XDH.
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] A: Biosynthesis of sulfurated molybdenum cofactor.

FAFENIEW . S REHNW AN, HYHe
g JEAT AT IR 7 AR ACHT, XDH & HAC %
I G BEl , RB 8 0 I 2R A Y BT TR Y
P55 R, I AR AR A P A Ak v I R R IR B
RS A BURR , o e B IR RUF F 5B k1L
HEILRRPY, DI R, R
f T 4 A 5T H A9 AR 1T (adenosine, AMP)FIJET {4



BIR % | EYRAFERBEEBS SREEERANERRER 3325

F PR PR P I2E A % R (inosine, IMP) ., YK 5 IEE 04
R AT (B 3A) 5 Jo M b ik o I8 A 48 o (A A
¥ iz %5 M (plastid nucleoside transporter, NT)iz
EMMIR G, % F KB 1/2 (nucleoside
hydrolase, NSH1/NSH2)f# fLJE sl Uk #1204, B
% XDH ML B RS 5 20 M 5T b i i 2
iR 4 i (adenosine kinase, ADK)IF) iR 1L 1&
ot A1 AR I 2 i (AMP deaminase, AMPD)#YJlii
SN G %78 R B EMS AL AT IR, 5 A
s IR B S AL IR — ik IMP I AU
(IMP dehydrogenase, IMPDH)#{k i~ 2% 1 iR
(xanthosine monophosphate, XMP); —#f 4385 1
% E 4 B 51 28 3] — R A0 A A S vy e A8 SRy B R
% (guanosine), 7 Ah—r4 0t XMP R i
(XMP phosphatase, XMPP)I)l &z NSH1/NSH2 4
AIE LTINS WIS 4 XDH 255 bz 5 4=
R R, PR R P 28 IR IR A AL il (urate  oxidase,
UOX) My M 1k S W, f 2% A R Tk Ik 25 4 i
(ureides), AP HARAE IR B8 20 a2,
AL, FES R I B N, XDHL K& RIS
k48 (reactive oxygen species, ROS)JfCIGI L &
WEAEH (A 3B). TEBRANRIRFE R YL, R
20 9 XDH1 A] LU A2 SRR 5 BR ROS I
P SRR G 2 S A 5 T 22 B (AN U 1)
RARNT, R IT R AN XDHI fEfEAL 3 I
W B Ak Ry PRTR %) [ I, A Ak AR K B 4B
F(0,). E LA (hydrogen peroxide, H,0,)%%
A, 3 ROS B, B il FC TR I A5 X AT
BRI EFD,

4 A% XDH A F K%k 7 &k 09 B
ki3

XDH S RHEISE4 (L B0 T4k, BF
GE N BAEUHHIF S5 RUK RS 4 SR XDH
ME . SRR T B, SLEL

&: 010-64807509

Fom AR B, WA, IR A
AW /AR A 8 S5 22 0 A e BB 4) o
4.1 14 XDH ZRRFHPHER

FEGSIR AT, R A E PR 8 Y
A6 P FH LA s o0E BRI (R WV RE ) o IR A
Ve B AR B B2 R 4, 48 XDH fiEfb )5 25
FHA R EMRIL, 5 THEEDIENEEZ,
EAEYIR A RS iz A FEIE . XK
FE 1Y &L/ Ml LU 1 Ak G 0 X 5 BIRE ) A 30 5% W e
AR EEE X,

W 04 o3 i A 7 A 4 AT A 0 A
HFEARMAE SRR B AEH . SRHEYIR
Jeg 1 oA [ AAE R B E 1 N LR B AR
WS IR T A AL BEIR , JFAE M H FE AR
ki AP, XDH R R H S 7= ) bR R 2 Tt
KRBT, ERIHRRA A E CHER . 7E
RO, DSk A A 20 0% Tk iR 21 ) o e s 1 31
ikt D, g RIER, Yk
FHRAREE AP, Fujihara PP, #
VI M RSB R IRIR, KU
Je [ 28 32 2202 DA e DR 2 4 o i B =X i 31
AR AL, TAESEEHF, Coleto %1% %
I XDH AR b i 3 M & 52 B — A A By
il ABFE — R b gL A B SO0 A
A PRIR Fir PR AP o G SR ) DA IR S 10 A
Yy (R 3% R T PR B2 TR 30 i T 20K [ e AR I8
KIF Bk 23 B30, VoB 2P i xhsE &
XMPP GSDA .NSH1 ,NSH2 #1 XDH A CRISPR
i B S AR A HE AT A A3 B, T B AR IR 1 AR
VAR X eSS, EREY, Eid
CRISPR/Cas9 435! 4 GmUOX 1 GmXDH J&5 ,
i 5 R 2 9 AR AR 0 R il S R L R
T A8 I ] R TS 1 PR AR A AR, R X 2 0
PR 7 A o A b HL A EE A PR AR

B<: cjb@im.ac.cn



3326 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

A NH, NH,
1
N (1) oy
) <«— ADK — </ |
7
Plastid Rlboscf l AMP Ribose Adenosine Cytosol
AMPD (2)
()
(3) fl\ f (7)
IMP «—  IMPT —»// IMPDH =» ¢/ — GMPS =
= - SN < @i
Rnbose Rlbose XMP R|b0se GMP
1
PNK1 || IMPP (12) XMPP (% GMPP “ IGK (8)
(0] OH (o}
o= =
Nf\NH“s) 2 2 TR
Inosine = NT —>¢ ]| Z 4—GSDA—</ 2
13) I N) /LOI-I )\NH
Ribose Inosine R|b03¢: Xanthosine Rabosc Guanosme
NSHI (14) NSH] 6) NSHI (10)
NSH2 NSH2 NSH2
¥ v
0 S i i
N N :
SOSm-er d
N~ (15) =, N N7 “NH,
Hypoxanthine Xamhme Guanine
XDH a7
Yo ()
ﬂ l Uox
o= 7 NH Ring
N )\0 = catabolism

Urate

B

Purine catabolism

ﬁungal

haustorium
H,0, H.0,

H.0,_Z o

Epidermal cell

Uric acid
XDHI =
NAD* NADH

Xanthine

Mesophyll cell
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Wl ; (2) AMPD: BEFR IR H R ; (3) IMPT: BUE MY PR 8 BRI A% H IR 4% 18 8 1 3 (4) IMPDH:
U IR AZ AT IR T 2 s (5) XMPP: 8 1 RWEIR MG ; (6, 10, 14) NSHI/NSH2: #ZHIKf#E 1/4% /K i
fitf 2; (7) GMPS: WEIR SRR A UM ; (8) IGK: WUIF STy ; GMPP: WL S 12N ; (9) GSDA:
S s ; (11, 16) HGPRT: IR #IERS & SRR AL M A5 RS 5 (12) IMPP . B 19 5 1A YK 8 IR R4 A%
PR WML ; PNKI: FURITIES 15 (13) NT: BE MR %8 81 (15, 17) XDH:  #IERS i
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Figure 3 The pathway pattern of Arabidopsis thaliana XDH involvement in metabolic pathways>>**. A:
The metabolic pathways involved in XDH in A. thaliana. (1) ADK: Adenosine kinase; (2) AMPD: AMP
deaminase; (3) IMPT: Putative plastid IMP transporter; (4) IMPDH: IMP dehydrogenase; (5) XMPP: XMP
phosphatase; (6, 10, 14) NSHI1/NSH2: Nucleoside hydrolase 1/2; (7) GMPS: GMP synthetase; (8) IGK:
Inosine guanosine kinase; GMPP: GMP phosphatase; (9) GSDA: Guanosine deaminase; (11, 16) HGPRT:
Hypoxanthine guanine phosphoribosyltransferase; (12) IMPP: Putative plastid IMP phosphatase; PNK1:
Plastid nucleoside kinase 1; (13) NT: Putative plastid nucleoside transporter; (15, 17) XDH: Xanthine
dehydrogenase; (18) UOX: Urate oxidase (uricase). B: A working model for the opposing roles of XDHI1 in
epidermal and mesophyll cells.
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Figure 4 XDH protein are involved in many aspects of plant biology.
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M-SR A R s 2 B 45 R0 it M A BT
FH, KRG OsXDH i Fibtk R PR T R E W
IREEZMPRER, it TRENFHIZMR,
HET AT LA AE 28 /K R 1 3 2 0F 721 7 OsXDH
AR esll i, FHRFERFIRFEIR & w4 o
ERTE AR, SEEBRATREICE ™4 R %
(ISR =, BRI BT AR AR A R
AR

XDH i Z: 5 KA R id A i,
I A XDH 5 AT LR PR 2 A W 5 A
B, FUR PR R FIPREETR , ol A X B 10
FEERE 5T LA S DNA 45147, AT 4 s Al vk b 484k
RE1, A RGERKAEM A iR DY, Han 26
R, 1EKREREAY], OsXDH bk & 07,
H,0, FITN ¥ (malondialdehyde, MDA ) it il
o T AR Y T 3k B TR MR FR A DGR BR A 4
. IAh, Brychkova 25094 & 30, i@ 1 76 M1
HMRBEZ , v AR BIR IF i A O° Il HL0,
Mo, (RUEn SRR A, R,

B<: cjb@im.ac.cn
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XDH i P 1 48 b i 5% i 5 2 A0 5 B A
(senescence-associated genes, SAGs)AJ#E 1A, M
1717 ) 22 b K R 1 o AR . Han 5% B,
ACD1. OsWRKY23 fil XEROL % 55 i ¥ 38 # it
FRAH OGN Rk i, 7E OsXDH THibk & i 52
WA JE AR EE G 0, 55 B A B A Rk bk
FAMHLERDE,; REASEARML, THHKE
FRIREZ N, Wik Rk bk R 0 2 2R 22
Brychkova %50 E 0L pg I+ AU 52t [l B & TR
AtXDHIL 251 ] 15 A8 K 8 2 2 R IR A A G
FER R, FRRIEM T XDH B 16 P 1E Z2 4
YIry R AR i B AR
4.5 1E19 XDH FEIFE B HIIER

HAR XDH TEVFZ YR rh gl iA k& —Fb
“[N %5 Jiff (housekeeping enzyme)”, {H 1 12 517
WEACERTE B SR WERT )22
SERE7ROp = 2k EIRE )7 SENER L ) AR 17 (1F
PEITH, T5 . R Shif B e K EEL
WS SR TE S AXDHL 6 A3 24561 gty
Ab, SUREST Y XDHI rBR 28728 1A Atxdnl %]
P UV-C e SE Uk, B & 4 UV-C Ab LS
PREEZACHIEG M iRy, MAERIG M)
PRAEF KX gl v & R i, HoF 22
TE2Z A5 Hp ] RO

A 0 3R 2 R ) R e A1 S a0 5 PR 1) o
PATH . I ABA SEREY)CR RETE S A
T, #AXHEE SRS, BN
N, S5 K, g
s a3, B R B )
Hesberg 25K B, 7E4URG ST 1A AtXDHL 1)
Feik, mrHETE TS M LAY ABA B9FIE, W
I T 5 38 1T 3 Ak X UL R I R B 2R R A R
RARMR B LI, AR T 5 &K
BT R FNB SN A2, X R 2 PR R iR AR
Al BESE TR R L R RS TS ABA A AL

http://journals.im.ac.cn/cjben

il DT 22 442 b 3 B8 P2 A 9815 1 Y. You
SEONL BT Ok B A XDH JE I e R IF
kR, JEEEFE R, VWXDH a3 in bR
FEZ BT ABA 1558 I, B8 7553
P4 RE IT % ROS BYTE B, 7 ER 38 me 1 Hh A 44
EHEAE . 7EKFEF, MoCo #H3FEK OSCNX6
B3 FE IR AT LA 158 MoCo A7 : 1 19 76
PE, LT ABA A YA ORGSR AR bR X B i
FOER Wt i 52 440

WA BRI KB, FEYH XDH AL i ]
Yy JR3E 2R 2t ROS R sl i R R i ia k=
i B 0000 R ) T A S XDH M4k
A A, BRI N AR
FER X Z—, A BT YR 9 P s
RO G E R RE R THAE, B B R RR X
LA R 2T BB a7, A A4 gy
WFE LB, 7E OsXDH MRk LK FEtk R
t, XDH MG PE S RBER | IRBEFR Y & i AE 2
e A S A AR, Ho0, 2 MDA /Y5 &
W AT B A A S R A 0 R Wi P e
A ROE BRI E A DI BE AL [FHIESS T XDH G
AR BT A 8, SR AME B BB Al
RE TP Pl e AL M R RGP, AT G 5 K
e e IO T 52 e U P AE A RE T o BFE N LR B
XDH T-Hubk F o1 T EERS AU ™4, XF i
TE R R T A it A/ U R 5 2 B R
e KR 4 X 5 PR P A2 44 5 ph I A 0 I ol
JBALFRET, KA AT RS H 5 XDH B G P RRSm
MRS A P AN PRI 2 B S R 2R, DAL I B
PRPUIE RS, DRI 8 R B4 45 B0 i
WA W R, PREZ AR A P [T ABA I
THSE 2R VR 9 A= 96 BOR B2 5 1L RE T ROK A 1Y
it PO 3 e X A R i o A I DR 3 2 A F
SEALR AL R T 4307 , 38 & BRAM IR PR 3 2% 3k
B EA PRI T Y R PR 2R S i B
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ROS HBRAET VA S AERF AR EPRRES, $2%& TK
i b e FEASRE R, A HEGE & B CsXDH1
Fikm 5w, HATERE T XDH #5mIEs
AR LLE R e A, HAh, Watanabe 01
FIRPIRE T XDH JE K T-Hitk R rEoE, IESE
T IERRE D) i AE DL T2 s o B v ke 5 S AR
Mo e/, PREEZR AT DL 258 55 A PR
BB RN A3 AT, R A R B T AR BRI R
AR DA EBRIR R, BRI LR IR
8 R PR 8 R A A0 4 Al 2 W e o . o R
FERAVER, SO P s g SR T 3
B4 DAL e R0 1o P B o
4.6 1Y) XDH £ 4IBmEHHIER

XDH 38 L P8 4Ly ROS /KF-, 2 51E
W) SRR I B, FERB RS N & R RTY,
FE LR ST B A8 S I A 9 R B, FE IR R
B, AR R 2 JR i g A A AR
7K 7ERIFGIT XDH (5874814 xdhl 1, H
F XDH 7 M B, SR 0890 B B e 22 9
REIR , T I B AR MR AE 2 K i i ) XDH1 #5
BY R 7= ROS, REMS B ] BB 0 Jk e 1 L0,

=1 EYHe) XDHs £H

RO XDELL 07 ERS A4 10 7 0 2
e 4 E,

5 ReEfEZ

B MEE A I3 S i SRy — i LR T 52 24 ) %
WEN, |2 TAEYN = ASE TS, A
IS 5 A M 55 A W R I & A i 2
Mg, A& 3E A1 A Y Ak R G 5 T )
T — , HAE LA SE R BT IS E
ZIF R, XDH #EHEY A 16 v 5 AU
b BEACHE . R TR . R RE R
ARSI AR AR VAR DG, A B T YRR
WA IE R AR AT, BHit, XDH 7E51E
Wi A= Kk B L s T B R i R
FJ1(GF ). KA, XDH FEEH2E | IRK . 35S
Tl S g Rz 56, e,
AT R 06 B I RIZ W R A s &2 b
B B 0 A

SR XDH e [a] Rk 4 Hh i ] Y5 AR 6T
e, (A HR R E DY P2 48 5] XDHs
R UEAT T A BEHLEIAT G, I Hig A1k d

Table 1 XDH genes in plants
Gene name Species Function References
OsXDH/ESLT/OsSAC3  Oryza sativa Delaying leaf senescence and enhancing resistance to adversity [47,60,75]
stresses
AtXDH1, AtXDH2 Arabidopsis Essential for normal growth and development, delays aging, and plays [30,58]
thaliana an important role in enhancing stress tolerance
CsXDH1 Camellia Enhance purine metabolism to adapt to strong light, and positively [72]
sinensis regulate caffeine catabolism under sustained strong light
PvXDH Phaseolus In epidermal cells, ROS is produced to accelerate the process of [33]
vulgaris hypersensitive response, but in mesophyll cells, it can function as a
dehydrogenase, producing strong free radicals and scavenging uric
acid
VvXDH Mitisvinifera ~ Enhancement of ROS scavenging and abiotic stress tolerance by [64]
increasing allantoin accumulation and activation of the ABA signaling
pathway
BvXDH Betavulgaris  Involved in regulating the response to salinity stress, associated with [71]

allantoin formation

&: 010-64807509 B<: cjb@im.ac.cn
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A& XDH HREHE K B KA 5 S H ) R IR
XFEC XDH & M) 22 0 A BEOIRE A9 I IE
SRR L HORS i ) 2 SR A A A BT . H
B, XDH 75 8L 57 H A 18 4738 % R AR 27 Zh g
TR 7RO W AT, A TR K BUK A
() OsXDH FE/KAHAE KA T M B o k1%
A, RHEEEYLELE A FRR AR,

I HR T HA S SF Y+ XDH AT AR
e, I AFAEAR 22 W R MR DAY IR . (R, XDH
ASRBEFE T NEAT 3 A5 T I - (1) iR
FA T AURH Yy EERAEMSE,
7~ XDH JEER @ #, $Z0F e BT
T e 4 TR MR BR[N], A A 5 9 42 I 2% 5

(2) ZHAFEY) o XDH 48K, TRARFFTX
S0 G AR AR R Y A KR B R T T B4 £
s (3) isHZEH AL . ZEA 5L RNA
TIED T AW AHARTE, Ha Ry
W i, DR BRORRED B9 22 42 A 7 AL B9 AT 8
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