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Abstract: Parasitic protozoa are single—celled organisms that have adapted to live in cells of humans and animals. The
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protozoan parasites include Leishmania spp., Trypanosoma spp., Plasmodium spp., Toxoplasma gondii, Cryptosporidium
spp-» and Eimeria spp., which can cause protozoal diseases that seriously endanger human and animal health and cause huge
economic losses in the livestock industry. Parasite development and reproduction after invasion of the host require a large
number of purine nucleotides, and the corresponding purine bases are catalyzed by purine phosphoribosyl transferase to generate
the corresponding purine nucleotides. Purine phosphoribosyltransferases (PPRT) are important metabolic enzymes involved
in the ribophosphorylation of purine bases and are present in many protozoan parasites. Adenine phosphoribosyliransferase
(APRT) and hypoxanthine—guanine—xanthine phosphoribosyltransferase (HGXPRT) belong to PPRT. APRT and HGXPRT
convert adenine, hypoxanthine, guanine, and xanthine into adenosine—5’'—monophosphate (AMP), inosine—5’'—monophosphate
(IMP), guanosine—5'—monophosphate (GMP), and xanthosine— 5'—monophosphate (XMP), respectively. Purine nucleotides are
involved in many functions as components of DNA and RNA, as enzyme cofactors in metabolic pathways, as sources of energy
in protozoan parasites. Purine phosphoribosyliransferases are key enzyme in the purine salvage pathway of parasitic protozoa,
which is significantly different from the de novo synthesis pathway of the host. In recent years, purine phosphoribosyltransferases
have become the interesting research hotspot as an antiparasitic drug candidates target, with major progress in the screening
of compounds against protozoan parasites. This review focuses on the basic characteristics, biological functions, inhibitors
screening and application of purine phosphoribosyliransferases in parasitic protozoa of Leishmania spp., Trypanosoma spp.,
Plasmodium spp., and Toxoplasma gondii, so as to provide reference for the research of drug targets and the screening of new
inhibitors against parasitic protozoa.

Key words: protozoan parasites; adenine phosphoribosyliransferase; hypoxanthine—guanine—xanthine phosphoribosyltransferase;
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A A R e — R AN M LA AR, R A AT
S i ( Leishmania spp. ) . #E M ( Trypanosoma
spp.) . JEBHL ( Plasmodium spp. ) . ML= JE H
( Toxoplasma gondii ) . 241 H ( Cryptosporidium
spp.) FIEEHER A ( Eimeria spp.) 5%, Frgliid
R 2 A D O T G AR S S R, i AR
JRE TR U ST R E AL R 5K
HTAR, TR, AR, F5fH T et
RN AEAE 25 AT 2P A B R R B AR
Mo FAERRMAR . K FEGE TS
SRR, WS E RS S A a4 i £
DA, TEA YR RN T A D v 4 A
F, A% R A% R AR W B LR I FT R ) e
ATP il e & K, B R 2
Y& R B R TR B ) o AR,
A ] DA ik DA Sk B AT RO A RS [R] 5 X
BIESEERR, DK G ORI 35 Hapd:
Ji dL SRR AN ROR AR & USRS A H R, Tl A
1 = 20 0 40 A TR i 7 A= V1% A% Y R il B T
2 ¥ 4 % % W ( Phosphoribosyltransferase, PRT )
YERR G e A% iR o) o A2k e 2 IR
W R T TR 5 ) 5 DAy I Mt % Tl T A% W B 7% Tl
( Adenine phosphoribosyltransferase, APRT ) Fl 6-

AACIES B A il ( 6~oxopurine phosphoribosy
ltransferase ) , J& & 7E K 22 8027 & J5 4 rp L
YR o I e — I W IV — e I I O T A% A 7% il

( Hypoxanthine—guanine—xanthine phosphoribosy
liransferase, HGXPRT ) & = 7% 76, R & 04 7¢
APRT FYHE AL AT T T e Ak o BRI R 1 R UK 8
W I A T H IS AE HGXPRT 9 i L 1
R o0 B 5 AL R R B RS R R . S MR A%
PR Mo R W A R, b 5— Wi TR A Wl A B TR

( Phosphoribosylpyrophosphate, PRPP ) Jg& I22 I |
RoRier) FEIEY . FAERBMERETHER
T A R R, APRT F HGXPRT 45 i A n
W AMROR AR I, 7R AR I RN AR A S
IR R R TR P RE I 2 BT A
Ji A A I e Rl A A B S DO T4 32 DSk 5
A, DRI e I e Rl 5 5 B il 1 A It
GRS I Z —, AP Ar A IR A 25 ik
RARPE TR . AR, BORMZ BTG TE
B LR I ORIV W IR AR B A B A A= W) 2 R HE 5 )
RE, I A 25 WP s A T R i BRI 5 181
A SO A A D e R B TR A A A% I ) R A
fiE . A=Wy Dy e B LA 50T A S50 50 i SR A —
giak, DI R 25 40 % B S0 AL 25 Uy ko
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1.1 F4FEH HGXPRT BIEAR4HE

A I i A7 7 HGXPRT, ©F 58 & 7,
FERA S R E (L. donovani ) B0 WA Rk I8 4% 4
e T Tty ) 455 U R MEE WA — % B A R R AOME I A T
( Hypoxanthine—guanine phosphoribosyltransferase,
LAHGPRT ) 01 ¥ W54 Bl i A% W % A2 il ( Xanthine
phosphoribosyltransferase, LAXPRT ) P 4~ W%, i,
Hf LAHGPRT 1 211 N2 SEFR AR L4 1, AH X
4y TN 23.6 kD; LAXPRT Hi 241 4 & 3L R 7%
FELH R, AR TRl 26 kD, W & LR F A
[F] P8 PE 15 33% [14)  Zarella—boitz Z5 [15) % R,
LAHGPRT #1 LAXPRT 4 #& JE i ¥ A7 A6 1 4> =
JR 320 W 3 SR A D B A T K, R 38 Ao
T 2 S P R A A, L v W R A A
SR H A TR PR, B A R AR S
IR Z 8. 92 RW, LAHGPRT R~ 11
Ser—Tyr Z HEMRIRFE X E A FIEIVRHE, X TIE
ST TR BT AL AL B G E L Lo |

15 RHE R (T brucei ) WM I A% W 5 7 Tl
i ThHGPRT- I . ThbHGPRT- 1 1 ThHGXPRT 1k
3 [ T [ 2H . Dolezelova 55 117 W 98 K& B,
ThHGPRT-I #1 ThbHGPRT-II ¥J i1 210 > 28 KLl 401
B, P R JE T ik 98%; ThHGXPRT H 234 4
AR A N, 5 ThHGPRT-1 F1 ThHGPRT-II [
[ AN R 56%.  Fifi I FF 5% % B ThHGPRT-I,
ThHGPRT-I1 F1 ThHGXPRT 4 L) [F] Y5 — B AR T =L,
KIEVEF 1) Vidhya 45 191 &3 ThOHGPRT-II Al
ThbHGXPRT &2 0% T B % i i 14, 177 ThHGPRT-1
SENL T AN . X H AR [ B 2k i 22 S it
&, ThbHGPRT-I F1 ThHGXPRT 7 Hij i R £ il
Iy 2 B A ZR KK —2, i TBHGPRT-II A
FERTIE AT AR ik D) FR R, s [GAE
H(T cruzi) WL T 1R A% 0 % B Bl A7 7F TcA
TeB, TeC F1 TeD 45 4 Fh V. AY, oA TeA 5 TeC
¥ 221 NMEBEFRA A, J& T TcHGPRTs; TeB 5
TeD 0 231 NEIERA L, J& T TcHGXPRTs;
TcHGPRTs F1 TcHGXPRTs 4 5& 2 ¢ #1) [m] Y5 P ik
35% ) WIgE R I, TcHGPRTs T 7r 2
ML A AR 223K, T TcHGXPRTs 32 A7E &bk
% e 2 o R A U 3Rk, DA ERE BUARTE I
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MR RS — VR S IR A% WL ol ( PEHGXPRT ) H
231 NEIEFRA AL, HHX5rF 38 26.2 kD; [ H
JEJRH (P ovivax ) IRBEIERS — 5 IS TR R A2 Wi
W5 (PvHGPRT) Hi 233 >4 JL 1R 240 1%, AH XS
4y TN 27.8 kD; PfHGXPRT 5 PvHGPRT 4 3t
1% 15 90 () [R) IR A 8 779% 12230 | T 5 TR S Tk
R R 5 T R 0 1) L. ) 25 O R A — SR AT
KAFFE. W5 & BJE R B HGXPRT & FH AR A Fat
S, SFOEJR B HGXPRT M EE 4. Fik. 4ifk
AR TR 5y 528, BT C @bt PAHGXPRT
5KV WK & S L gs &, DL PAHGXPRT 5
0461 5 ImmucilllnHP &2 & 91 19 f AR &5 4, & 8E
PIHGXPRT W3 6 1 o 12ES 11 4 p S
AL, HH 46~149 FILRAL T8 A A% X 24,

Wil 5 I (T gondii ) 6- AT IE W 4% B
5 % W ff 78 TeHGXPRT- T H1 TgHGXPRT- I
PIFPSE 7 BF 5T 2 B0, g X 7 A ] Tl Y
[6] — A~ 3& K] Tahgxpre, H 58 5% 5 g bt B2 12 4E Ky
840 bp, Tehgxprt & K % 56 B )5, 84~
] %) 89 422 7 2008 B P R AS 6] 19 ¢DNA, AT JE
&, TsHGXPRT- 1 F1 TeHGXPRT- T ¥ Fif 3l A,
Ho TgHGXPRT- T i 230 4~ & 5k g 41 1, #
XF 4y & N 26.7 kD; TgHGXPRT-1I i 279 4
RAILMRAR, SarE M, NEREEmZE 49 4
QIR XS5k 31.8 kD »' . Chaudhary
2 126) % B TgHGXPRT- 1 58 57 T HU {4 41 Jfd i
TegHGXPRT- @M FHIEE &Y, ZE AW T
S 112 A i 4 T R R e P R L 2
1.2 F4FEH APRT BEA4HE

o QR A 2 it e i I e ol 1R A M B S Tl
(LAAPRT) H 237 M2 SL MR % SL A W, AHX 43
TR 262 kD70 AL T R AH AR T S
Phillips %5 [28) fi##7 T LAAPRT 5 IS e nsnsy | 7
Y1 AMP, LB AR TR £h 85 145 45 5 1 i
RZER), KB LAAPRT J& T 1 BUBERRAZ ML R,
55 A PRT 9 A% 25 AL, G5 W 13
AN AR B4 B PRPPAZA RS A (R 25 b Bk,
(TR RIS 25 5 I S5 A A e 22 575 AT =
J L APRT 2 HE v B AE TR AP 254, DAL 2R
RS, H APRT 1S PEAL A A R IR 4
WAL R AT A, AR A A2 5 HL APRT 23R Z%
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FA X HARAL TR B e F %

A1 TCAE B AR REERS B TR AZ M % A5 B ThAPRT1
F1 ThAPRT2 W4 A% 53 20 B, 78 A DG HL 386 R 24
Bodig bl R Thaprtl 1 Thaprt2 IAFEA
ThAPRT1 F1 ThAPRT2 24 312 13 51 19 [ Y54 A Ay
22%, ThAPRT1 Fl ThAPRT2 5 LAAPRT 4 % %
FE 3 B9 AR ARL 43 500 R 52% F1 27% 5 JF 51 X 4
Br & 38, ThbAPRT1 J& F 1 HYBkE IR A% 0 4% & 1ilg
1M ThAPRT2 5 FL 5 R Bk B2 4% 0 4% F2 1§ ( Orotate
phosphoribosyl— transferase, OPRT ) H. 45 &5 4 4 {2l
(TG P s P00 WFSE & B, ThAPRTI 5& i F
YT, A I T AT OE R TAE  rh 3 R
ThAPRT2 & 57 T BEARBIA , AAERTR PRI
ik 20, HAth AL BUE RS 58 dUfr 7
APRT, #fEN AT REAEAE R T sl s A2

2 HF4JEH PRT WEYIFINAE

2.1 F4[EH HGXPRT B4 M ThEE

FE LG A A1 2 J7 d R LAHGPRT A1 LAXPRT
WA b A A AS 6] 0 6 SR AR IR RS R B,
LAHGPRT i 1k IX # UK 8 I W& 1 15 155 0% T
LAXPRT HA R I RE A, PIAEAL BEEERS |
YR EE IS T S IS 3 IS, BEIERS 2 LAXPRT
A Bl I (1) D4, Patel 4050 gF — 4
53 BT LAXPRT JIK ¥ %5 5 PE WL &I, & B LAXPRT

*1

(1209V ) FRABAXT EIERS R FIREAR, RASS
B I eSSl HGXPRT, #:7% 1209 24 LAXPRT
JEC s S P 1 SRR 7 05 FL AT 9% i A A
R 2 R Ahgprt/Axprt RUBR IR 5848 kR, {HIS A
W2, 478 LAHGPRT il LAXPRT n] GE 78 A1) H 2
JR AR AT R A P AR EEAEH D2 MR
Boitz & 13 R T 2L FORIA T8 5 L Ahgpre/
Axprt BRI 728 1K, UESZ LAHGPRT Al LAXPRT
e RRERS B AT R A L h ¥ B R HEEH . &
AT LI, BIENSBEIR AN I ( Xanthine
phosphoribosyltransferase, XPRT ) = TI1EM 2
JRUH LA K —BE R E B AN, AL =
XPRT ), [Afi] LAXPRT /& M fl A8 5t 259
ST 32 K

TF 9 K 30 A TG A H I 4 Tl T2 A G O 6 TG A7
7 ThHGPRT- 1 . ThHGPRT- Il 1 ThHGXPRT i
R, BRI 6- EACIERS I SE R I AR 22 57
ThHGPRT- 1 F1 ThHGPRT- I 7 LA FH v i 1 i
FIELEERS 5 B MRS IO A AL P ;. ThHGXPRT 1]
DI AL VR B IS | I TS AR B I 04y 3 RS 4,
HXF 3 AR A AL SR MG (1) D8
Dolezelova 55 117! F] | RNAi % AR Thhgpre-1 |
Tbhgprt- 1l 1 Thhgxprt 55 A [A] i R I8 UK, &
1 ThHGPRT- I . ThHGPRT-II 1 ThHGXPRT %I
R CHE R AE A R XEZ, IR R

FERR 6- ARERBRZERBBINZEY

Table 1 Kinetic constants of the 6—oxopurine phosphoribosyltransferases of protozoan parasites

WHEIEER Hypoxanthine

314 Guanine

B Xanthine

i E= BTN
Enzyme K K, K_K K K K K K K K_K  Reference
(umol/L) (s7) (L/pmol * 5) (nmol/L) (s™) (L/pmol+s)  (umol/L) C) (L/umol *s)

LAHGPRT 6110  854x082 14 51+08 4127138 8.09 - - - [16]
LAXPRT 2042+54.67 1.1+£0.093  0.0053 103.7+1524 04550042  0.0043 89+15 180041 02022 [31]
ThrHGPRT 55+03  17.1+03 3. 23+04 23803 10.3 221£39  036+006  0.002 [18]
TheHGXPRT 17338  12:03 0.06 13.0=2.1 0.6+0.2 0.04 28404 16+02 0.6 [18]
TbbHGPRT-1 13729 026 0.18 15948 038 0.02 - - - [17]
TbbHGPRT-II  42:09  0.03 0.007 71+18 0.05 0.007 - - - [17]
ThbHGXPRT ~ 306+78 24 0.08 32:438 136 0.04 319+7.5 3.66 0.11 [17]
TeA (HGPRT) 134 2+l 246 19:1 2+l 17 16040  0.005 0.00003 [35]
TeB (HGXPRT) 1322 1220.1 0.092 72+3 0.63 £ 0.02 000875  42x03 097:004 023 [35]
TeC (HGPRT) 14+2 35+2 25 141 30+ 1 2.14 15010  0.008 0.00005 [35]
TeD (HGXPRT) 150+ 30 1.1+0.1 0.007 45+ 4 0.3+0.01 0.0067 42+03 097+004 023 [35]
PyHGXPRT 093012 074001 08 1904 1.7+0.03 0.9 - - - [23]
PFHGXPRT <1 142 142 15 1.06 0.71 14637  2.84 0.02 [36]
TgHGXPRT-I 1606 759 463 21£07 12.7 6.02 144+17 310 2.15 [25]
TgHGXPRT-II 1402 174 1.20 11814 246 0.207 162+1.1 6386 0.424 [25]
HuHGPRT 3410  52:04 15 1904 8206 43 - - - [18]




TcHGPRT £44% TeA F1 TeC WIS AL, w] DUAEAL
JIE U BRI T S IR TP AN A F B S
TcHGXPRT £ 45 TeB 1 TeD W A4~ &L, 0] LA
FHUR B EE S | L WA I EE IS 3 B, X
RS R SRR 15 o T e TR A e R A%
WL RS B AT AE 4 POV 2, DRI LA b T A 2
Wy B bR O 5 LB A4 A R0 R B A TeHGPRT
TcHGXPRT Ji P4, 31X $e4 JE 0] Sy i L2400 il 551 i 2
SRR

MCAIE IR PEHGXPRT R LA FH v 0 |
B I T B RS 3 RS, Hrh B ISR Ay SR 3 IS
Yy e H S H PyHGPRT H e F1) F vk 8 1 p4
FINEL RS | N BB AL #E NEERA 5 O A R 20
#E PIHGXPRT 5 PyHGPRT Xif % M WA {1 7% 1
(1) 22 5 0] B8 5 W I L B ) DA I 4k P 45 B
R RIS A O, ST R, PHGXPRT A9
T 2R BE PRPP 5 U RS AT i6 1L, HE
e AER LA A . PIHGXPRT ¥ 4 37 pmol/L,
PfHGXPRT 5 ic 4 PRPP FIYCHE RERA Y LA M 1 -
7.4 122, JEALJG 9 PFHGXPRT #5 K 2 o % 7]
ik 8.37 umol/min-mg, J& A i 1k M 19 10.8 1%,
eI 1% Ak i 7R 55 PIHGXPRT & HAT &%
PR O SR AACRR OG5 AR T v R B R IS A R LA Al
PAHGXPRT R4, 0 vT 682 =ik B2 ICH) PRPP
BOR B EERS 5 PEHGXPRT B 45 5 il 7= 4
B AR 7T s g B R J FE RS PFHGXPRT i
TG PR RO AR ZR R AR MIT A 100 1 SRR B 55 25 R 1)
HEERFE,

Wil Hb =5 I 26— AR RE RS A% 0 B 7% T Y
TgHGXPRT- I 1 TgHGXPRT- 1T Wi Fft iy 1 14 1) Py
RORSEE D EA LTS, TeHCXPRT- 1T 5K
Y35 F1 )18 TeHGXPRT- 1 55, Horfr 11 %0 %) 1
W1 Km (A5 T RS 6 £5 12 B4R C A FIE 4
AUAE 5 I8 B S 3R ] — 356 DR s 1) 7 I L e i
WREEERS B, ELP R RE 4R FE A B Bl
KB, FARPUHAS AT, (S0 95 D fg 1
IR TR RS S =08 B 32 W27 A 1 2
G, AT BT 5 )8 AEAR R A 32 v R 8 R
B IB IS A TSRS AL T IR G 20
2.2 EHHJEH APRT BAYIZINAE

LG A1 2 i H i I 4 1l R A M 2 %% T
(LAAPRT ) A FI ] BRIEERS F PRPP,  HOGH R4
F1 PRPP 119 Km {E 73 1y 2.3, 25.1 pmol/L 271,
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Boitz 55 (38 AL LA A2 5 R Aapre SRR 5872
PR, BB CR AT = i R RTHE B A dapre B 1R
TENRER YIRS PN REAATE , TR E BT P A
R REAR 50%; AL (R &2 Jit T HE B 1A Aapre
B AR AT DATERREES IR TP AEIS s dapre SRR
A DU ELEAR A, 48R HpAn] LU T 3 40 4%
IR BB AR, A AR ROR A2 AT RS A%
TIRG M. Hoh, R = HCRUA APRT &
IR R H R, ] LA IR E 0 ( Adenosine
kinase, AK ) & i AMP, DL S A1) FH R N2 04 S JE 7K it
fif# ( Adenine aminohydrolase, AAH ) A YR N
P28 HGPRT i A6 A:z B IMP, 3 17 38 2 B 1 3% 30
MR L . R B PR 24 A= i AMP 17
FHAGENA A A B, A 2 i e 32 B0 AR EERS
AL U IR, FAE R IMP, iR ALl AMP
PEATREMS A TR A I, PRI ) A 2 it e R
W R AT E RN A IR 5 il P 2R 0

1 [C4E U APRT 47 7£ ThAPRT1 1 ThbAPRT2
PR Tl : ThAPRT1 HA AL & P, X i I
1) Km {4 3.7 pmol/L; 1 ThAPRT2 X i 22 1%
1) Km {H & 253 pmol/L., 5 ThAPRT1 #H kb, #%
INK LT TR P 100 P9 e X 23 T A 3R,
ThAPRTI J& T 1 ZUBERRAZ M e /g, T ThAPRT2
52BN 0 ( Orotate phosphoribosyl—
transferase, OPRT ) E A Z5 ¥ RLA IG P ey,
I ThAPRT2 AEHIBY IR ] BE2FLIE TR . B4R
ThAPRT1 A FHE L D REME A B AZ MRS R il

SIEH R R AR T SR AR APRT
it A Ak 3% 1, O EL7E R DR 2H B PR b A K e
TR B apre B R 4 BF9E % B 5 08 ORI R A
5 HR P R A AL DR T ATP B R AL AR
AMP 20 JEJFR B AK FTAPRT, AR
Z M ( Ademosine deaminase, ADA ) 7K fi 5 i 24
PR, PR R A T AR AL (Purine
nucleoside phosphorylase, PNP ) 1E F 4 Al ¥ 25 12
W L) ap A I e PR LA AR 1 78 IR AN
A B0 I A A RS AR A T AS ]

3 FH4JEH PRT B HAR

FIR, A2 5t s D A B W A% W s R il vk
TR S IR RIBF S A R 2 . WFIR s SR R,
NS 1 B Z TR AL A W AL HF S 25 5 A T R %
WL RSB S A ARL, PR AET R A8 J ek
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sk SRR RIS s 10 % S A MBI IR
AEEIR.
31 ERERFLEY

I HE R AL AT 6 4UF% PRI 1 1
I ELAEMR SR R0 2/ T B . 6 3
Wy, 6- BRIDIEERY | G- BN 8- %015 IS Al
5V PRHGXPRT W i M, B0l v i (1)

H 1.3~67 pmol/L; 33 el 7]t v] LUAAR SR il %
eI S5l BT, 1C,, {4 2~18 pmol/L [ #-7 ,
WFSE & B0, N R B A I R4 W LA il A &1 ) £
S HUEGE , WAL A= R 1C, (Hh 1.9~17
umol/L,  Xof 22 JL A A& I ALY 1C, {H 9 0.6~2.8
pmol/L (3 2) ) DA WESE L B JE 42 3ME
B SRR BT R T PR

F 2 FHERHREBEBAZEERS ERE D HF
Table 2 Inhibitors against purine phosphoribosyltransferases of protozoan parasites
iRl bRt it > AR VR 1 Ly A HCEEANHIRE S0k
Inhibitor Target Enzyme IC_ (mol/L) Species Parasite 1C, (umol/L) Reference

6— i FLIEENS 6-Mercaptopurine PFHGXPRT 13+03 B JR 2 [44]
6— B S IENS 6-Thioguanine PfHGXPRT 213+6 M 10 [45]
6— SAIEI4 6-Chloroguanine PFHGXPRT 67 +36 S i 10 [45]
8— AL IEWS 8—Azaguanine PfHGXPRT 6.6+1.9 M SR 18 [45]
B Allopurinol LAHGPRT ND FEICHA 2 J5 il 17.0£0.7 [46]

LiHGPRT ND BELRIT 5l 0.6+0.3 [46]
M4 Azathioprine LAHGPRT ND FEICAIA-E 5 1.9+0.7 [46]

LiHGPRT ND BELA- 2 5 28+14 [46]
HHAERULE Nitrobenzylthioinosine TgHGXPRT ND NIl 5 9 10 [47]
VUL P % R Tetra—(ethyl L— PfHGXPRT 0.007 B S 11.7+32 [48]
phenylalanine) tetraamide
Immucillin-H PfHGXPRT 1£03 I - [49]

TcHGPRT 180 + 30 T FCAfE - [50]
Immucillin-G PfHGXPRT 1422 I - [50]

TcHGPRT 1160 = 390 SOCHER - [50]
AIP-2 PfHGXPRT 0.01 M R 25+0.2 [51]
AIP-3 PfHGXPRT 0.00065 M R 1.9+0.1 [51]
Guanine cyclic—(R)-HPMP PIHGXPRT 1£02 M Ry 46 [52]
Guanine-PME PfHGXPRT 1.6+0.2 I Ry 14 [53]
ANP-2h ThrAPRTI 0.57 £ 0.07 A3 FCAE - [54]
ANP-2i ThrAPRT1 0.39 +0.01 A P HE - [55]

32 EEZEE

T B A ) 2 N 2 gl TR A 0 B % il
M RERIE, AT 2l 8 i 70 i i 1 iR
P30 T % B A ORI 2 — . R BRI
TgHGXPRT 1% 5% 4 P 0 i 35, L X%F TeHGXPRT
[ 1C,, {4 10 pmol/L, X i == 41 1 1% A7 ) b 3
PE, B (100 pmol/L) X o 8% Yt 4 15 3 4
MLV A 2 R B HEAE ) Keough 5 141 &
B, D Pk Y AR N 2 R X PEHGXPRT 1Y 1C,, {6 4
7 nmol/L, A 15 P B WEE A 5 2 IR 2 ) W i
Immucillin 2 —ZEZ 2, Immucillin-H £
Immucillin-G §E #0 ] PAHGXPRT #1 TcHGPRT 7%
P, HAX) PAHGXPRT A9 #0015 1t TcHGPRT

5 120490 0 HER DL Tmmucillin XEAMEIE JE HURT 5 LG
HE RSN E TN RISCR YR IE . Hazleton 55 1500 &
B, JEFAL Immucillin 25047 ( Acyclic immucillin
phosphonate, AIP ) A IAG RN ] 6- %48 PRT i 1%,
HR R Y ATP-2 I ATP-3 Xf PIHGXPRT F41
TTE Ki {85590 10, 0.65 nmol/L, HLATAR5E H 1
T s RPN Lt SR 1C,, (451
2.5, 1.9 pmol/L. Ak, AEIUAZ I (acyclic
nucleoside phosphonates, ANP ) 3 HA #1614,

FIRF XTI, ANP RF YA 6~
SRS B IR A HE AL R B EL A RS v, i ELRe
i APRT ¥ £, H b 477 4= %) ANP-2h Hl ANP-
2i X ThrAPRT1 {410 ] 1 1% Ki {8 53 51 4 057



0.39 pumol/L 1515 2 (BEFR LA ) L SIERS | 2
(IR AL ) LUREIEERS | Guanine cyclic—(R)—
HPMP F1 Guanine—-PME Xt PFHGXPRT f4 41 il 15 14
Ki fE5 54 0.1, 0.3, 1.0, 1.6 pmol/L ( 2 ) 13571,
33 HHpmF

5 LR TR FEE R RE SR 0T LAPI ] PAHGXPT 1
PE, HMHWERHEEIOCR, PIFE X PHGXPT
I BRI E N T, B H R 0.0833
2.8396 pmol/L, BN KR BA W I PUIEZY >,
WFFE & BB 4 32 O X A= s HL APRT H
AIRIVER, b s ik H B 430
i APRT B9 HE 175 M (% AIK 84.5% £ 80.1%; 41 -3¢
J B M HIEESE B o3 I APRT 1Y LS YRR
1K 78.7% . 90.8% H190.3%., 1EZ=FFRMHYIIEEY)
HOR B3 AR I s R S AR Pk, BT APRT f9
Fb 3 P BT 90.7% 1580 BB FE ) 4 B Nk T
W A S AR S AT BT RIVE A, X eefb 5
IR AT 2 i HASCRATI AT e i — 20 T SR N A
ERIOUE L)

4 RE

A AR D VR DM 8 i Ui L B HU
JEIE . SR BRI ER U A5, A O F
i ™ R R TR, T L™ R A
FiE teo-e2l o FI, AT A IR B4 B A AT 3R B
PURHRZGY), BEEDUE YRR R,
TR AW Pis e H 4, SR DU R
25 AR R A5 E R T 25 MR PRI HT
AT s 2 837 L L 2 ) A - T i R i o
PN 455 2 5. W HH IR BA EE N A
FUIRE, TR AERBIAR., KHMEHEZA
B B E R AR IR . A E 2R MK
WA IR IR, SR, T Uk = S ISk
TR, SN BOR AR AT IR TR AY
WG, AR IR B T T R AL A7 A
(R T A8 2 S ol 445 A JL H e e Rk A S B R
PG — DY — BN WA R AZ M e B Tl A AR I
W BAR TR A W A% Tl I A 6 52 G T R BT I SR 24
bro ATAEA, WHIAEYIMES: . itk R
BAHORSE, s TSR HEd JE R
S A AR i R AL | RN AR O B
BEFAE S LY A IR, FFAE ML IEAS b AT X R4
T S G Al U B MY — B S — BT I A R A%
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e 2 Y M Tl R A W 2 e Tt s 32 e S P 00 o
N, RN KB T — R HA R AF
PURAGE eSS B, TRV BNZY
YIHEYUREE . DU 25 i & T IS
vEfE, MRHESE THUIRK S . R RS2
WF 2 8CR IR Ll L) B TR AL Bh 259
W ITIEB AL B, TR & rh & $5EOok BR E
BMER, H 2B AR R LR Z —
PRITTT , 7 T 30 35 2 A D W Tl A M 2 6 Tl
( APRT il HGXPRT ) i ik th R 51 e F AL &9 1
SEhth b, 2B AT Ar A B RS B R A A S
g0 T4, BT 24 80 5 AR A A AL,
FHAF S AL Bh R FO0 0 258 B2 R 2047 v 38 2 07 0 A
SRR, LERTEEMEI, IR RN A
5 B0 00 181 0 ) T B TS, DT O R R
P R AV A, OB I TR
WA A% W 2t RS TG Sy 245 0 OB ) it R 24 bt e
b L

S0k ( References ) :

(1] ABHOL, 2200, BB, MR, B4 . CRISPR/Cas9 R S 1E 3

A R R AR P R (D] B B, 2023, 54(1): 69-79.
DOI:10.11843/.issn.0366-6964.2023.01.007.
DENG M E, LIN, GUO Y Q, FENG Y Y, XIAO L H. Application of
CRISPR/Cas9 system on gene editing of parasitic protozoa [J]. Acta
Veterinaria et Zootechnica Sinica, 2023, 54(1):69-79. DOI:10.11843/
j-1ssn.0366-6964.2023.01.007.

[2]  KOURBELI V, CHONTZOPOULOU E, MOSCHOVOU K, PAVLOS
D, MAVROMOUSTAKOS T, PAPANASTASIOU I P. An overview on
target-based drug design against kinetoplastid protozoan infections:
human african trypanosomiasis, chagas disease and leishmaniases [ J].
Molecules, 2021, 26(15):4629. DOI:10.3390/molecules26154629.

(3] FEZN, BRA-P, BRIGOL, BRBE, T, i, mlll, B, B,
QAR T2l WAEA, ERRSE, 2, (T, BT, HRR,
[, SCHERL, TRZERR, ANF AL SREBL, SRPEEL, BOCH, Rk . Bk
S AE S F DTS - PSR SRR [T P ERRE AR
2%, 2019,49(10):1301-1322. DOI:10.1360/SSV-2019-0127.

XIONG J, CHEN J P, CHEN X G, CHEN Y, FENG Y Y, GAO F,
GAO S, GU F K, HUANG B, LIANG A H, LONG H A, LAI D H,
LUNZR, MIAO W, NIB, QIUZJ, SHAO C, WANG J G, WEN J F,
XUKD,YUYH, ZHANG LX, ZHANG X G, ZHAO Y J, SONG W B.
Progress of protozoological studies in China: Hot spots and new patterns

[J1. Scientia Sinica Vitae, 2019,49(10):1301-1322. DOI:10.1360/
SSV-2019-0127.

[4] RANGEL G W, LLINAS M. Re—envisioning anti-apicomplexan parasite
drug discovery approaches [ J]. Frontiers in Cellular and Infection
Microbiology, 2021, 11:691121. DOI: 10.3389/fcimh.2021.691121.

[5]  YANG Y, TANG T, LI X, MICHEL T, LING L, HUANG Z, MULAKA



170

[12]

[13]

[14]

[15]

M, WU Y, GAO H, WANG L, ZHOU J, MEUNIER B, KE H, JIANG
L, RAO Y. Design, synthesis, and biological evaluation of multiple
targeting antimalarials [J]. Acta Pharmaceutica Sinica B, 2021,
11(9):2900-2913. DOI: 10.1016/j.apsh.2021.05.008.
OWOLOYE A, ENEJOH O A, AKANBI O M, BANKOLE O
M. Molecular docking analysis of Plasmodium falciparum
dihydroorotate dehydrogenase towards the design of effective
inhibitors [ 1] . Bioinformation, 2020, 16(9): 672-678. DOL:
10.6026/97320630016672.
BARNADAS-CARCELLER B, MARTINEZ-PEINADO N, GOMEZ L
C, ROS-LUCAS A, GABALDON-FIGUEIRA J C, DIAZ-MOCHON
J J. GASCON J, MOLINA T J, PINEDA DE LAS INFANTASY V M
J, ALONSO-PADILLA J. Identification of compounds with activity
against Trypanosoma cruzi within a collection of synthetic nucleoside
analogs [ J]. Frontiers in Cellular and Infection Microbiology, 2022,
12:1067461. DOI: 10.3389/fcimh.2022.1067461.
PARIHAR P S, PRATAP J V. The L. donovani Hypoxanthine—
guanine phosphoribosyl transferase (HGPRT) oligomer is distinct
from the human homolog [J]. Biochemical and Biophysical
Research Communications, 2020, 532(4):499-504. DOI: 10.1016/
j-bbre.2020.08.052.
CASSERA M B, ZHANG Y, HAZLETON K Z, SCHRAMM V L.
Purine and pyrimidine pathways as targets in Plasmodium falciparum
[J]. Current Topics in Medicinal Chemistry, 2011, 11(16):2103—-
2115. DOI: 10.2174/156802611796575948.
LWPE, XRE . T e AR e e e (0] o B,
2012,48(7):54-57.
SHAN D, LIU Q. Research advances in purine phosphoribosy
ltransferases of Apicomplexa [J]. Chinese Journal of Veterinary
Medicine, 2012,48(7):54-57.
Fvk . PRI NG — IS — B W AW A B A
NS R AP P RTSE (D] . L3 55 A BRI, 2006.
WANG B. Evaluation of cell-mediated protective immunity to
hypoxanthine guanine xanthine phosphoribosyl transferase (HGXPRT)
of Plasmodium falciparum [D]. Shanghai: The Second Military
Medical University, 2006.
AA] . I RNA TR ] I U A MRS i 42D |
AL LREERICE, 2008.
YU L. Dual inhibition of purine salvage pathways using RNA
interference technology in Toxoplasma gondii [D]. Hefei: Anhui
Medical University, 2008.
GRUBE C D, GILL C P, ROY H. Development of a continuous assay for
high throughput screening to identify inhibitors of the purine salvage
pathway in Plasmodium falciparum []]. SLAS Discovery, 2022,
27(2):114-120. DOI: 10.1016/j.slasd.2021.12.002.
JARDIM A, BERGESON S E, SHIH S, CARTER N, LUCAS R
W, MERLIN G, MYLER P J, STUART K, ULLMAN B. Xanthine
phosphoribosyltransferase from Leishmania donovani. Molecular
cloning, biochemical characterization, and genetic analysis [J].
Journal of Biological Chemistry, 1999, 274(48): 34403-34410. DOI:
10.1074/jbc.274.48.34403.
ZARELLA-BOITZ J M, RAGER N, JARDIM A, ULLMAN B.

Subcellular localization of adenine and xanthine phosphoribosyl

[17]

[21]

[22

[t

(23

s

[24]

[25]

transferases in Leishmania donovani[]]. Molecular and
Biochemical Parasitology, 2004, 134(1): 43-51. DOI: 10.1016/
j-molbiopara.2003.08.016.
JARDIM A, ULLMAN B. The conserved serine—tyrosine dipeptide
in Leishmania donovani hypoxanthine—guanine phosphoribosy
ltransferase is essential for catalytic activity [ J]. Journal of Biological
Chemistry, 1997, 272(14): 8967-8973. DOI: 10.1074/jbc.272.14.8967.
DOLEZELOVA E, TERAN D, GAHURA O, KOTRBOVA Z,
PROCHAZKOVA M, KEOUGH D, SPACEK P, HOCKOVA D, GUDDAT
L, ZIKOVA A. Evaluation of the Trypanosoma brucei 6-oxopurine
salvage pathway as a potential target for drug discovery [J]. PLOS
Neglected Tropical Diseases, 2018, 12(2): e0006301. DOI: 10.1371/
journal.pntd.0006301.
TERAN D, DOLEZELOVA E, KEOUGH D T, HOCKOVA D, ZIKOVA
A, GUDDAT L W. Crystal structures of Trypanosoma brucei
hypoxanthine—guanine—xanthine phosphoribosyltransferase in complex
with IMP, GMP and XMP [J]. FEBS Journal, 2019, 286(23): 4721~
4736. DOI: 10.1111/febs.14987.
VIDHYA V M, PONNURAJ K. Structure—based virtual screening
and computational study towards identification of novel inhibitors of
hypoxanthine—guanine phosphoribosyltransferase of Trypanosoma
cruzi| )] . Journal of Cellular Biochemistry, 2021, 122(11):1701-
1714. DOI: 10.1002/jcb.30122.
GLOCKZIN K, KOSTOMIRIS D, MINNOW Y V, SUTHAGAR K,
CLINCH K, GAI' S, BUCKLER J N, SCHRAMM V L, TYLER P C,
MEEK T D. Kinetic characterization and inhibition of Trypanosoma
cruzi hypoxanthine—guanine phosphoribosyltransferases [J].
Biochemistry, 2022, 61(19): 2088-2105. DOI: 10.1021/acs.
biochem.2¢00312.
ROJO G, PELISSIER F, SANDOVAL-RODRIGUEZ A, BACIGALUPO
A, GARCIA V, PINTO R, ORTIZ S, BOTTO-MAHAN C, CATTAN
P E, SOLARI A. Organs infected with Trypanosoma cruzi and
DTU identification in the naturally infected rodent Octodon degus
[J]. Experimental Parasitology, 2020, 215:107931. DOI: 10.1016/
j-exppara.2020.107931.
SARKAR D, GHOSH I, DATTA S. Biochemical characterization
of Plasmodium falciparum hypoxanthine—guanine—xanthine
phosphorybosyliransferase: role of histidine residue in substrate
selectivity [ J] . Molecular and Biochemical Parasitology, 2004,
137(2):267-276. DOI: 10.1016/j.molbiopara.2004.05.014.
KEOUGH D T, HOCKOVa D, KRECMEROVa M, CESNEK
M, HOLy A, NAESENS L, BRERETON I M, WINZOR D J., DE
JERSEY J, GUDDAT L W. Plasmodium vivax hypoxanthine—guanine
phosphoribosyltransferase: a target for anti-malarial chemotherapy [ J].
Molecular and Biochemical Parasitology, 2010, 173(2): 165-169.
DOI: 10.1016/j.molbiopara.2010.05.018.
MINNOW Y V T, SUTHAGAR K, CLINCH K, DUCATI R G,
GHOSH A, BUCKLER J N, HARIJAN R K, CAHILL S M, TYLER
P C, SCHRAMM V L. Inhibition and mechanism of Plasmodium
falciparum hypoxanthine—guanine—xanthine phosphoribosyltransferase
[J]. ACS Chemical Biology, 2022, 17(12):3407- 3419. DOI: 10.1021/
acschembio.2¢00546.
WHITE E L, ROSS L J, DAVIS R L, ZYWNO-VAN GINKEL S,



[27]

[29]

[31]

[32]

[34]

[35]

[36]

VASANTHAKUMAR G, BORHANI D W. The two Toxoplasma gondii
hypoxanthine—guanine phosphoribosyltransferase isozymes form
heterotetramers [ ] ] . Journal of Biological Chemistry, 2000, 275(25):
19218-19223. DOI: 10.1074/jbc.M908879199.

CHAUDHARY K, DARLING J A, FOHL L M, SULLIVAN W ],
DONALD R G, PFEFFERKORN E R, ULLMAN B, ROOS D S. Purine
salvage pathways in the apicomplexan parasite Toxoplasma gondii [ J] .
Journal of Biological Chemistry, 2004, 279(30): 31221-31227. DOI:
10.1074/jbe.M404232200.

BASHOR C, DENU J M, BRENNAN R G, ULLMAN B. Kinetic
mechanism of adenine phosphoribosyltransferase from Leishmania
donovani [ ]]. Biochemistry, 2002, 41(12):4020-4031. DOI: 10.1021/
bi0158730.

PHILLIPS C L, ULLMAN B, BRENNAN RG, HILL C P. Crystal
structures of adenine phosphoribosyltransferase from Leishmania
donovani [J]. The BMEO Journal, 1999, 18(13): 3533-3545. DOI:
10.1093/emboj/18.13.3533.

LUSCHER A, LAMPREA-BURGUNDER E, GRAF F E,
DE KONING H P, MASER P. Trypanosoma brucei adenine—
phosphoribosyliransferases mediate adenine salvage and aminopurinol
susceptibility but not adenine toxicity [ 1. International Journal for
Parasitology: Drugs and Drug Resistance, 2014, 4(1): 55-63. DOL:
10.1016/}.1jpddr.2013.12.001.

GLOCKZIN K, MEEK T D, KATZFUSS A. Characterization of adenine
phosphoribosyliransferase (APRT) activity in Trypanosoma brucei
brucei: Only one of the two isoforms is kinetically active [J]. PLOS
Neglected Tropical Diseases, 2022, 16(2): €0009926. DOI: 10.1371/
journal.pntd.0009926.

PATEL B, PATEL D, PAPPACHAN A. 11e209 of Leishmania donovani
xanthine phosphoribosyltransferase plays a key role in determining its
purine base specificity [J]. FEBS Letters, 2021, 595(16): 2169-2182.
DOL: 10.1002/1873-3468.14162.

HWANG H Y, ULLMAN B. Genetic analysis of purine metabolism in
Leishmania donovaniJ]. Journal of Biological Chemistry, 1997,
272(31): 19488-19496. DOI: 10.1074/jbc.272.31.19488.

BOITZ J M, ULLMAN B. A conditional mutant deficient in
hypoxanthine—guanine phosphoribosyl- transferase and xanthine
phosphoribosyliransferase validates the purine salvage pathway of
Leishmania donovani|J]. Journal of Biological Chemistry, 2006,
281(23): 16084-16089. DOI: 10.1074/jbc.M600188200.

PATEL B, PATEL D, PARMAR K, CHAUHAN R, SINGH D D,
PAPPACHAN A. L. donovani XPRT: Molecular characterization
and evaluation of inhibitors [J]. Biochimica et Biophysica Acta:
Proteins and Proteomics, 2018, 1866(3): 426-441. DOI: 10.1016/
j.bbapap.2017.12.002.

GLOCKZIN K, MENEELY K M, HUGHES R, MAATOUK S W,
PINA G E, SUTHAGAR K, CLINCH K, BUCKLER J N, LAMB A
L, TYLER P C, MEEK T D, KATZFUSS A. Kinetic and structural
characterization of Trypanosoma cruzi hypoxanthine—guanine—
xanthine phosphoribosyltransferases and repurposing of transition—
state analogue inhibitors [ J]. Biochemistry, 2023, 62(14):2182-2201.
DOL: 10.1021/acs.biochem.3¢00116.

SUJAY SUBBAYYA I N, SUKUMARAN S, SHIVASHANKAR

[38]

[42]

[44]

[45]

[46]

[47]

171

K, BALARAM H. Unusual substrate specificity of a chimeric
hypoxanthine—guanine phosphoribosyltransferase containing
segments from the Plasmodium falciparum and human enzymes [ J].
Biochemical and Biophysical Research Communications, 2000,
272(2): 596-602. DOI: 10.1006/bbrc.2000.2816.
ROY S, NAGAPPA L K, PRAHLADARAO V S, BALARAM H.
Kinetic mechanism of Plasmodium falciparum hypoxanthine—
guanine—xanthine phosphoribosyltransferase [ J]. Molecular and
Biochemical Parasitology, 2015, 204(2): 111-120. DOI: 10.1016/
j-molbiopara.2016.02.006.
BOITZ J] M, ULLMAN B. Adenine and adenosine salvage in
Leishmania donovani [ J] . Molecular and Biochemical Parasitology,
2013, 190(2): 51-55. DOI: 10.1016/j.molbiopara.2013.06.005.
BOITZ J] M, ULLMAN B, JARDIM A, CARTER N S. Purine
salvage in Leishmania: complex or simple by design? [ J]. Trends in
Parasitology, 2012, 28(8): 345-352. DOI: 10.1016/j.pt.2012.05.005.
MARTIN J L, YATES P A, SOYSA R, ALFARO J F, YANG F,
BURNUM-JOHNSON K E, PETYUK V A, WEITZ K K, CAMP D G,
SMITH R D, WILMARTH P A, DAVID L L, RAMASAMY G, MYLER
P J, CARTER N S. Metabolic reprogramming during purine stress in
the protozoan pathogen Leishmania donovani|J]. PLOS Pathogens,
2014, 10(2): e1003938. DOI: 10.1371/journal.ppat.1003938.
FOX B A, BZIK D J. Biochemistry and metabolism of Toxoplasma
gondii: Purine and pyrimidine acquisition in Toxoplasma gondii and
other Apicomplexa//Toxoplasma gondii. The model apicomplexan—
perspectives and methods [M]. Academic Press: Cambridge, MA, USA,
2020:397-449. DOL: 10.1016/B978-0-12-815041- 2.00009-8.
KOUNI M H E. Adenosine metabolism in Toxoplasma gondii potential
targets for chemotherapy [ J|. Current Pharmaceutical Design, 2007,
13(6): 581-597. DOI: 10.2174/138161207780162836.
JARUWAT A, RTANGRUNGROJ P, UBONPRASERT S, SAE-UENG
U, KUAPRASERT B, YUTHAVONG Y, LEARTSAKULPANICH
U, CHITNUMSUB P. Crystal structure of Plasmodium falciparum
adenosine deaminase reveals a novel binding pocket for inosine [ J] .
Archives of Biochemistry and Biophysics, 2019, 667:6-13. DOI:
10.1016/j.abh.2019.04.002.
KLEJCH T, KEOUGH D T, KING G, DOLEZELOVA E, CESNEK M,
BUDESINSKY M. ZIKOVA A, JANEBA Z. GUDDAT L W, HOCKOVA
D. Stereo—defined acyclic nucleoside phosphonates are selective and
potent inhibitors of parasite 6-oxopurine phosphoribosyltransferases
[I]. Journal of Medicinal Chemistry, 2022, 65(5):4030-4057. DOI:
10.1021/acs.jmedchem.1c01881.
KEOUGH D T, SKINNER-ADAMS T, JONES M K, NG A-L,
BRERETON I M, GUDDAT L W, DE JERSEY J. Lead compounds for
antimalarial chemotherapy: purine base analogs discriminate between
human and P. falciparum 6—oxopurine phosphoribosyltransferases [ J].
Journal of Medicinal Chemistry, 2006, 49(25): 7479-7486. DOI:
10.1021/jm061012;j.
AZZOUZ S, LAWTON P. In vitro effects of purine and pyrimidine
analogues on Leishmania donovani and Leishmania infantum
promastigotes and intracellular amastigotes [J]. Acta Parasitologica,
2017, 62(3): 582-588. DOI: 10.1515/ap—2017-0070.
EL KOUNI M H, GUARCELLO V, AL SAFARJALANI O N, NAGUIB



172

[53]

F N. Metabolism and selective toxicity of 6—nitrobenzylthioinosine in
Toxoplasma gondii [ J]. Antimicrobial Agents and Chemotherapy,
1999;43(10):2437-2443. DOI:10.1128/AAC.43.10.2437.

KEOUGH D T, REJMAN D, POHL R, ZBORNIKOVA E, HOCKOVA
D, CROLL T, EDSTEIN M D, BIRRELL G W, CHAVCHICH M,
NAESENS L M J, PIERENS G K, BRERETON I M, GUDDAT
L W. Design of Plasmodium vivax hypoxanthine—guanine
phosphoribosyltransferase inhibitors as potential antimalarial
therapeutics [ J]. ACS Chemical Biology, 2018, 13(1): 82-90. DOI:
10.1021/acschembio. 7h00916.

EVANS G B, TYLER P C, Schramm V L. Immucillins in infectious
diseases [ J]. ACS Infectious Diseases, 2018, 4(2):107-117. DOI:
10.1021/acsinfecdis.7h00172.

HAZLETON K Z, HO M C, CASSERA M B, CLINCH K, CRUMP
D R, ROSARIO JR I, MERINO E F, ALMO S C, TYLER P C,
SCHRAMM V L. Acyclic immucillin phosphonates: second—generation
inhibitors of Plasmodium falciparum hypoxanthine—guanine—xanthine
phosphoribosyltransferase [ J]. Chemistry & Biology, 2012, 19(6):
721-730. DOL: 10.1016/j.chembiol.2012.04.012.

KEOUGH D T, HOCKOVA D, HOLY A, NAESENS L M, SKINNER-
ADAMS TS, JERSEY J D, GUDDAT L W. Inhibition of hypoxanthine—
guanine phosphoribosyltransferase by acyclic nucleoside phosphonates:
a new class of antimalarial therapeutics [ J] . Journal of Medicinal
Chemistry, 2009, 52(14): 4391-4399. DOI: 10.1021/jm900267n.
DOLEZELOVA E, KLEJCH T, SPACEK P, SLAPNICKOVA
M, GUDDAT L, HOCKOVA D, ZIKOVA A. Acyclic nucleoside
phosphonates with adenine nucleobase inhibit Trypanosoma brucei
adenine phosphoribosyltransferase in vitro [ J] . Scientific Reports,
2021, 11(1): 13317. DOI: 10.1038/s41598-021- 91747-6.

KALCIC F, FRYDRYCH J, DOLEZELOVA E, SLAPNICKOVA
M, PACHL P, SLAVETINSKA L P, DRACINSKY M, HOCKOVA
D, ZIKOVA A, JANEBA Z. C1’-Branched acyclic nucleoside
phosphonates mimicking adenosine monophosphate: Potent inhibitors
of Trypanosoma brucei adenine phosphoribosyltransferase [ J].
European Journal of Medicinal Chemistry, 2021, 225:113798. DOL:
10.1016/j.ejmech.2021.113798.

KLEJCH T, KEOUGH D T, CHAVCHICH M, TRAVIS J, SKACEL J,
POHL R, JANEBA Z, EDSTEIN M D, AVERY V M, GUDDAT L W,
HOCKOVA D. Sulfide, sulfoxide and sulfone bridged acyclic nucleoside
phosphonates as inhibitors of the Plasmodium falciparum and human
6-oxopurine phosphoribosyltransferases: Synthesis and evaluation [ J].
European Journal of Medicinal Chemistry, 2019, 183: 111667. DOI:
10.1016/j.ejmech.2019.111667.

OPOKU F, GOVENDER P P, POOE O J, SIMELANE M B C. Evaluating
iso—mukaadial acetate and ursolic acid acetate as Plasmodium
Jalciparum hypoxanthine—guanine—xanthine phosphoribosyltransferase

inhibitors [ J]. Biomolecules, 2019, 9(12):861. DOI: 10.3390/

[58]

[63]

biom9120861.
MOHAMED B S, NGUYEN M C, WEIN S, UTTARO J P, ROBERT
X, VIOLOT S, BALLUT L. JUGNARAIN V, MATHE C, CERDAN R,
AGHAJARI N, PEYROTTES S. Purine containing carbonucleoside
phosphonate analogues as novel chemotype for Plasmodium falciparum
inhibition [ J] . European Journal of Medicinal Chemistry, 2023,
258:115581. DOI: 10.1016/j.ejmech.2023.115581.
CHEVIET T, LEFEBVRE-TOURNIER I, WEIN S, PEYROTTES S.
Plasmodium purine metabolism and its inhibition by nucleoside and
nucleotide analogues [J]. Journal of Medicinal Chemistry, 2019,
62(18):8365-8391. DOI: 10.1021/acs.jmedchem.9h00182.
AMBROZIN A R, LEITE A C, SILVA M, VIEIRA P C, FERNANDES
J B, THIEMANN O H, DA SILVA M F, OLIVA G. Screening of
Leishmania APRT enzyme inhibitors [J]. Pharmazie, 2005,
60(10):781-784. PMID: 16259128.
Soni M, Pratap JV. Development of novel anti-Leishmanials: The case
for structure—based approaches [ J] . Pathogens, 2022, 11(8):950. DOI:
10.3390/pathogens11080950.
ARG, WIS . T ARAR RS S 2 R B AT A ()] T
IR A B2 L 2017, 44(5):132-136.DO01:10.16768/}.issn.1004—-874X..
2017.05.021.
LIJ, LU P Y. Survey of parasites infection in pigs of intensive farms
in Guangdong state farms [ J] . Guangdong Agricultural Sciences,
2017,44(5):132-136. DOI:10.16768/j.issn.1004-874X.2017.05.021.
ZEUH B X B 1L, M , SR, MR S I AR 5,
SRS, WAL, IVER . TR A AR B T TR R B B A R
W [J]. 77 25 4l Bl 2, 2021,48(3):123-132. DOI: 10.16768/j.issn.
1004- 874X.2021.03.015.
LIJ, LIAO S Q, ZHAO S, QIN S, LYU M N, WU C Y, LIN X H,
CALH M, HU J ], ZHANG ] F, XIE M Q, SUN M F. New epidemic
characteristics and control strategies of important food—borne parasites
[J]. Guangdong Agricultural Sciences, 2021, 48(3):123-132. DOI:
10.16768/j.issn.1004- 874X.2021.03.015.
BEHAL, ORI, B, SRRHE, A0, BRI, MR, BIRT,
TG, TREEEE, WAL, PN IS ER MU TRAT S L BIR 25
Syt gt L], 7 AR R R, 2020,47(11):171-181.DOL:
10.16768/j.issn.1004-874X.2020.11.019.
LIAOS Q,QINS,LYUMN, WU CY, LI J, CATH M, LIN X H, HU
JJ. YU LZ,ZHANG ]J F, XIE M Q, SUN M F. Research progress in
the epidemiology, anticoccidial drugs and vaccines of avian coccidiosis
[J]. Guangdong Agricultural Sciences, 2020, 47(11):171-181. DOI:
10.16768/j.issn.1004-874X.2020.11.019.
ECE A. Computer-aided drug design [ J]. BMC Chemistry, 2023,
17:26-28. DOI:10.1186/513065-023-00939—w.

(AEmiE  EEW)



