RGN 2021, 23(2): 209-225

Chinese Journal of Pesticide Science http://www.nyxxb.cn

CERE R doi: 10.16801/j.issn.1008-7303.2021.0043
YEENE S AR EE LSt K ELHNHI T R i R A R

BEE, B OF, TAK, K& Y., K@,
e, ERM, BROE”
(P E AR R NS R R ZBIH 0, dEET 100193)

W OE: BEBRAARRF S ZAENELRE_NE, BATEZNAMFI K. RT TIE A4
R A GIIRGEERSIN, EEZNRETHEAEMMRSLL L E m o Ffe B KRG
R, REFARA K AERIAE B ROERL T . BRNES )BE T Z 0 TEACE R A WS
PR CLIEHE RN -6-BR RO B Au i AR -0-FRBA AR BR B B Pl /N T B3R, LSRR, MRAM L TR
RO il AR A R B R EAR ARG R R L 3T, KL EBER T B ENE-6-BER A B A
RN -O- R BA A BA RS B 0 0 IR B A . B R 04 45 AR X A AR 09 0 AR A AR BRI B A, VA
HASF VA iy B M o Ax Bl ) BEAT OGP B F) 89 5 ik . B -FALS 69T e BUEE A R AT AL R 2 89 TR K 4R

AR T,
KRR B B, B ENE-O-BRER O R BE; BEAE-O-BREABFEABEBE, JhARLEMY; AP,
B R 3t R
FESHES: Q51; Q55;TQ450.1; S481.1 WHERFRERD: A YEHRS: 1008-7303(2021)02-0209-17

Advances in structures and inhibitors of trehalose synthetase

JIANG Zhiyang, HAN Qing, WANG Jin'e, ZHU Kai, ZHANG Jingyu,
DENG Mingfei, HUANG Jiaxing, DUANG Hongxia"

(Innovation Center of Pesticide Research, Department of Applied Chemistry, College of Science,
China Agricultural University, Beijing 100193, China)

Abstract: Trehalose is a non-reducing disaccharide, which exists widely in nature and possesses
important biological functions. It is not only an energy storage substance participating in energy
metabolism, but also a structure substance participating in the formation of fungal cell walls and insect
exoskeletons. Meanwhile, trehalose can regulate the pathogenicity of pathogens, and the growth and
development of insects. Trehalose synthetase is mainly responsible for catalyzing the biosynthesis of
trehalose, which includes two functional domains: trehalose-6-phosphate synthetase and trehalose-6-
phosphate phosphatase. More and more recent studies showed that trehalose synthetase has a great
potential as a novel target of pesticides. This review summaried the protein crystal structures, substrate
binding modes, and chemical structures of reported inhibitors for trehalose-6-phosphate synthetase and

trehalose-6-phosphate phosphatase. It is expected to provide guidance for the screening of inhibitors, the
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design and the modification of lead compounds, and the development of new pesticides targeting

trehalose synthetase in the future.

Keywords: trehalose synthetase; trehalose-6-phosphate synthetase; trehalose-6-phosphate phosphatase;

crystal structure; inhibitor; research advances
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Fig. 1 The biosynthetic processes of trehalose catalyzed by trehalose-6-phosphate synthetase and
trehalose-6-phosphate phosphatase pathway
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A: GT-A folding type in the three-dimensional structure of Bacillus subtilis
SPSA (PDB ID: 1QGQ); B: GT-B folding type in the three-dimensional
structure of Coliphage T4 BGT (PDB ID: 1JG7).
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Fig. 3 The comparisons between three-dimensional
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typical GT-B folding type glycosyltransferases
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#* 1 BRIERENTEHE OtsA HIREFEHIER
Table 1 The reported crystal structures of different bacteria OtsAs

PDB%i 5 Y [LRES SrHRER/A SR
PDB ID Organism Ligand Resolution/ A® Reference
1GZ5 KIGHF# Escherichia coli G6P, UDP 2.43 [14]
1UQU KIGHF & Escherichia coli UDPG 2.00 [36]
1UQT KW Escherichia coli UDP-2-fluoro glucose 2.00 [36]
2WTX KIkF i Escherichia coli VDO, UDP 2.20 [38]
5LQD Z N Hi i B B Streptomyces venezuelae apo form 1.95 [39]
5HXA W IR A 58 IR Paraburkholderia xenovorans apo form 2.00 Mayclin S J et al., 2016°
5TVG R 11 52 ICH Burkholderia vietnamiensis UDP 2.30 Edwards T E et al., 2016
5J1 R R A 5 IS Mycobacterium thermoresistibile apo form 1.82 [40]
5K41 A1 5 I B Mycobacterium thermoresistibile ADPG 1.97 [40]
5K42 EREE 11 7L BS T Mycobacterium thermoresistibile GDPG 1.92 [40]
5J10 R R A 5 IS Mycobacterium thermoresistibile G6P, ADP 1.71 [40]
5K5C A1 5 I B Mycobacterium thermoresistibile TRE 1.85 [40]
5K44 EREG 11 70 BS T Mycobacterium thermoresistibile T6P 1.96 [40]
5L3K R R A 5 IS Mycobacterium thermoresistibile F6P, ADP 2.31 [40]
SUOF WA 7 R IR Burkholderia multivorans apo form 1.70 Irwin R M et al., 2017
5V0T W IR A0 58 IR T Paraburkholderia xenovoranss G6P, UDP 1.95 Mayclin S J et al., 2017
6JAK KIGHF I Escherichia coli apo form 2.41 [41]

W "1 A=0.1nm; °EAE = 4EM AL ESANE A REAEE (http://wwwl.resb.org) H, (A WAH SRS o

Note: *1 A = 0.1 nm. ® The three-dimensional crystal structures of those proteins were imported in the Protenin Data Bank Databse (http://www1.rcsb.org),

which were not reported in the literatures.
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M ER AR S5, IX Ak T ARG 50 B MoTPS1 4544 3
ITHT B F R B R & BB TH B8 T AR AR A
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Table 2 The reported crystal structures of different fungi TPS1s

PDB%i 5 Wikh [IGRE SRR EE BN
PDB ID Organism Ligand Resolution/A* Reference
SHUT F & &k Candida albicans UDPG 1.90 [42]
SHUU FIa &k # Candida albicans G6P, UDP 2.73 [42]
SHVL H (TR Candida albicans VDM, UDP 1.80 [42]
SHVM M EF 1 Aspergillus fumigatus TPS1A® VDM, UDP 2.82 [42]
5HVO % B Aspergillus fumigatus TPS1B VDM, UDP 245 [42]
SHUV H &KW Candida albicans UDPG 2.00 Miao Y etal., 2017 ¢
6JBI FEIER 1 Magnaporthe oryzae apo form 2.50 [41]
6JBW FEIEIF B Magnaporthe oryzae UDPG 2.65 [41]
6JBR FEIEIR H Pyricularia oryzae T6P, UDP 2.03 [41]

H: 1 A=0.1nm; T dspergillus fumigantus PP BERAS TPS1 2£K, /3 HIFRICA TPS1A AT TPSIB; © & MR =4k S A 45/ CIE N R

AR EHEZE (http://wwwl.resb.org) 1, {H MR WA SCHRIRIE -

Note: *1 A = 0.1 nm. ®A. Fumigantus contains two genes encoding TPS1, labeled as TPS1A and TPS1B, respectively. “The three-dimensional crystal

structures of those proteins were imported in the Protenin Data Bank Database (http://www 1.rcsb.org), which were not reported in the literatures.
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A: EcOtsA 5 UDPG 4 & <& LML 3L (PDB 5: 1UQU); B: MuOtsA 5 ADPG 45 &R R LR HE (PDB 5: 5K41); C: MuOtsA 5
GPDG 4 & -t & FEMR VL3 (PDB 5: 5K42); D: CaTPSI 5 UDP 45 & oct @ ML %E (PDB 5: 5SHUU); E: AfTPSIB 5
UDP %45 &% B Lk %5 (PDB 5: SHVO): F: MoTPS1 5 UDPG 4 & <@ LRI (PDB 5: 6JBW).

A: The key amino acid residues of EcOtsA binding to UDPG (PDB ID: 1UQU); B: The key amino acid residues of MtrOtsA binding to ADPG (PDB ID:
5K41); C: The key amino acid residues of M#rOtsA binding to GDPG (PDB ID: 5K42); D: The key amino acid residues of CaTPS1 binding to UDP
(PDB ID: SHUU); E: The key amino acid residues of AfTPS1B binding to UDP (PDB ID: SHVO);

F: The key amino acid residues of MoTPS1 binding to UDPG (PDB ID: 6JBW).
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Fig. 4 The key amino acid residues of trehalose-6-phosphate synthetase binding to donor substrate NDPG
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A: EcOtsA 5 G6P 256 KRR ELIR L (PDB 5: 1GZ5); B: &% IEMK (Paraburkholderia xenovoranss)OtsA 5
GO6P 5 & RMAILIREE (PDB 5: 5VOT); C: MurOtsA 15 GOP 4i& XA LIRS (PDB 5: 5J10); D: CaTPSI 4
GOP 45 & B A KRB (PDB 5: SHUU); E: MoTPSI 5 G6P 45 &<t Z LML % (PDB 5: 6JBR).
A: The key amino acid residues of EcOtsA binding to G6P (PDB ID: 1GZ5); B: The key amino acid residues of PxOtsA binding to G6P
(PDB ID: 5V0T); C: The key amino acid residues of M#rOtsA binding to G6P (PDB ID: 5J10); D: The key amino acid residues of CaTPS1 binding to G6P
(PDB ID: SHUU); E: The key amino acid residues of MoTPS1 binding to G6P (PDB ID: 6JBR).
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Fig.5 The key amino acid residues of trehalose-6-phosphate synthetase binding to acceptor substrate G6P
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Fig. 6 Amino acid sequence alignments of trehalose-6-phosphate synthetases from different organisms
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EALN, B ENTIZE I PaOtsB 4514 15,
HA Y TaOtsB JUF e AR FrEs, N p-k
JeAFAEB A ZE S, e PaOtsB 12O 45 K35k 1) B-
RFSE B2 BEA B3 BT B R . A B AR A e
/R8I Burkholderia pseudomallei )15 Kk -6-
R B IR RS BpOtsB [FIFE B A HAD 8 XK I
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Table 3 The reported crystal structures of different trehalose-6-phosphate phospholipase

PDB%i 5 i [EIRES IR 23R

PDB ID Organism Ligand Resolution/A® Reference
1002 TEWR P EAKE Thermoplasma acidophilum Mg*, Na* 1.92 [45]
40FZ k22 B Brugia malayi Mg* 3.00 [48]
5E00 T3k 22 d Brugia malayi Mg, SO,* 3.00 Agarwal A et al., 2015°
5GVX S5t% 5 BOFF IR Mycobacterium tuberculosis Mg 2.60 [49]
5DXF M &SRB (N-Ii 45 #3R) Candida albicans (N-terminal domain) apo form 2.56 [50]
5DX9 BB Cryptococcus neoformans Mg 2.15 [50]
5DXI I (S BR 1 (C-u 45 #938) Candida albicans (C-terminal domain) Mg 2.00 [50]
SDXL JH B A5 Aspergillus fumigatus apo form 1.57 [50]
5DXN W B Aspergillus fumigatus Mg* 1.65 [50]
5DXO0 218 Aspergillus fumigatus Mg* 1.90 [50]
6CJO HLRAEL PR LB Pseudomonas aeruginosa Mg*, CO3? 1.90 [46]
6D3V TSI Pseudomonas sp. Ni*, ACY 1.80 [46]
6D3W R Pseudomonas sp. Ca®, ACY 1.90 [46]
6QJ6 K BIHAA 7O R ME KT Burkholderia pseudomallei Mg*, CI” 1.74 [47]
6RCZ K EIH AN 70 /R M8 I Burkholderia pseudomallei Mg*, CI 1.74 [47]
6UPC 1i5EV0 1 IRTA Salmonella typhimurium Mg*, T6S 2.51 [51]
6UPE YiFEW I 1IRE Salmonella typhimurium Mg, OGS 2.24 [51]
6UPD i€ 1 TR Salmonella typhimurium Mg, Tre 2.05 [51]
6UPB i FEV I 1IRE Salmonella typhimurium apo form 1.89 [51]

M *1A=0.1nm; &AM =48RS CAFNE FRUERZE (http://www Lresb.org) T, {H A TLAH K SCERHRIE -

Note: *1 A = 0.1 nm. ® The three-dimensional crystal structures of those proteins were imported in the Protenin Data Bank Database

(http://www1.rcsb.org), which were not reported in the literatures.
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Table 4 The reported inhibitors of different trehalose-6-phosphate synthetase
|77 44 B i 7S5 HbR ICsy/ SR
Names of inhibitors Structues of inhibitors Target (mmol/L) Reference
RN -6 R CfTPS1 0.125 [52-53]
Trehalose-6-phosphate HO;@,
L, ow
TR OH MtrOtsA 24 [40, 54-55]
Trehalose HO,,, 0. _© SNop CgOtsA
5 IJ\ HcTPS
HO” ™" HO” ™ YOH
:\OH OH
N FI A HO_ o EcOtsA — [30, 38, 42]
Validoxylamine A Ho B Ho H o CaTPS1
\Q\ :():/ AfTPS1
- OH
HOY N
H
OH
6" MM A BERR EcOtsA 53+14 [30, 38]
6’-Validoxylamine A phosphate \\N/, oPO”
HO™ HOY 'bH
i =R MurOtsA 1.8 [40]
2-Oxoglutarate
HO OH
O
2- TR H R HO MtrOtsA 23 [40]
2-Phosphoglyceric acid
HO )
OPO;
O
JHIE I BRVEENS — L IR BRI (I SR 1Y) N NH: MoTPS1 —11.3 kcal/mol [58]
Nicotinamide adenine dinucleotide (/ =\\ (—47.30 kJ/mol)*
phosphate(Reduced form) rﬁ\‘ \,_/
Q, X Og
o_ RS HO g0
\\P\TO
1 O—
:/O
OQ—OH
7N
OH
Y%
HN O
MoTPS1 —13.8 kcal/mol [58]

(~57.76 kJ/mol)®

S5 28 0.
oS

Lead 25
®
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Table 4 (Continued)
V77 44 5 eI plEsg v ity ICsy/ ER BN
Names of inhibitors Structues of inhibitors Target (mmol/L) Reference
5-(2-MEWy %) JHER MtrOtsA 0.5 [59]
5-(2-Thineyl) nicotinic acid
A2 HE-6-( =50 T 5E)-3-WE I PR TR e F OH O MitrOtsA 0.53 [59]
4-Hydroxy-6-(trifluoromethyl)-3- E S o
quinolinecarboxylic acid P
N
S~ 0] R H MtrOtsA 0.65 [59]
5-Aminoindole
IV
HN
e (&S I CnOtsA 1 mg/L® [60]

Closanthal HO. CgOtsA
Cl H |
s

Cl
2,6- R H-4-(3,4- K H)-3,5- NN DmTPS 0.2 [61]
-4 H-WET X7
2,6-Diamino-4-(3,4-dichlorophenyl)-3,5- ~ cl
dicyano-4-H-thiopyrans HN
I cl
N
e 3 NC, CN DmTPS 1.4 [61]
Compound 3 NC
O
H,N

a4 N DmTPS 2.8 [61]
Compound 4 Il
H O

2,6- R FH-4-(3-FF O 5E)-3,5- NH, CfTPS 3.1 [61]
4 - N
e YN N7
2,6-Diamino-4-(3-cyclohexenyl)-3,5- $
dicyano-4-H-thiopyrans H,N X
|
N
2,6- 5 HE-4-(2- T HEmE Wy 6)-3,5- k- NH DmTPS 5.4 [61]
4-H-VEN N Z
2,6-Diamino-4-(2-nitrothienyl)-3,5-dicyano-
4-H-thiopyrans H;N N \S/ NO
2
Il
N
A=yl DmTPS 6.2 [61]
Compound 7 7 \ Cl
=N
N
C,]
H

TE: *ZSCHR LLMEI S MoTPS1 B4 B ti el A EAN HAmHI ZOR T8RS, #4779 keal/mol (1 keal/mol = 4.18 kJ/mol); * 1 3CHR LA 77 /1
BB (MIC) {E PPN MR f bR, $A29 me/Ls
Note: “The binding free energy between the inhibitor and MoTPS1 was used as an index to evaluate its inhibitory effect, the unit is kcal/mol (1 kcal/mol =

4.18 kJ/mol); *The minimum inhibitory concentration (MIC) of the inhibitor was used as an index to evaluate its inhibitory effect, the unit is mg/L.
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Table 5 The reported inhibitors of different trehalose-6-phosphate phosphatase
i 771 44 B St alPalEsg i) HbR ICsy/ ZH R
Names of inhibitors Structues of inhibitors Target (mmol/L) Reference
TR -6-T R OH MOtsB (50  5)~(340 + 40) pmol/L* [62]
Trehalose-6-phosphate HO,,, Oa O~ - SbOtsB
0SO;
o I)\ AsTPP
HO” >""HO” > YOH SdTPP
“oH OH
1S-1-(4-F = 25 00l ) W -6 T TR 0, O~ ) BmTPP (13 £ 2)~(180 £ 20) pmol/L* [63]
1S-1-(4-octylphenoxy)-glucose-6 sulfate /©/ L)\ 0S0; AsTPP
CeHi7 HO” ™" OH SbOtsB
OH StOtsB
LR-1-(4-3F B 2R S H0) - & -6 R OO pso.- BmTPP (53 £0.6)~(80 £ 10) pmol/L*  [63]
1R-1-(4-octylphenoxy)-glucose-6 sulfate /O/O:()\ 3 AsTPP
CeHi7 H Y OH SbOtsB
OH StOtsB
1R-1-(4- CFE AR5 ) - H 2T W -6 T R o) SNoson BmTPP (78 £ 9)~(350 + 30) pmol/L* [63]
1R-1-(4-hexylphenoxy)-glucose-6-sulfate /©/O I)\ 3 AsTPP
CeHis HO” >~ ~OH ShOtsB
OH StOtsB
6-F LRV TN OH MthOtsB 0.42~1.03 [64]
Trehalose-6-aminophosphate HO,,, OO~ ."\N-PO3 MItOtsB
IJ\ H MiOtsB
HO” > HO” >~ “OH
Son  OH
HMEE A OH MtbOtsB 12.6~15.0 [64-65]
Validamycin A HO\C(\ OH
- o HO
HOY OH
O _~_JOH OH
H
OH
N-ZRT A0 2K PR It W 0O AceyTPP 8.9 x 107~6.6 x 107 [66]
N-(phenylthio)phthalimide TcanTPP
N—S HconTPP
@ PaerTPP

Ve AZSCHR CUM 1 F £ (K) AR TEO 050 BRI BOR 1R bR, B4 pmol/Ls

Note: “The inbition constant (K;) was used as an index to evaluate its inhibitory effect, the unit is pumol/L.

A H A BBk CaTPS1 UG i & i A/TPS1
H5IXEEIE A GG E S E B S BT,

Errey S50% BT MR IE A 450, BT 6-FH X
% A IR (6'-validoxylamine A phosphate), %4t
HBYIXT EcOtsA R H BRI G R, H 1Cs,
%24 5.3 mmol/L, Hit—DSWt5kIM: £ UDP
TFEEZMNT, HREE A-6"-BEE X EcOtsA 3l
) 25N 2 B S 3

B b 3 i W A U AH 5 777 ) ] X U B A - 6-
1% G B v PE AT AR A0 R Al o, 5 g B pR AR
B TR 5 110 At B A H 18] 7= ) 0 T %o 12 i 1
PR A AR SRR RS . Mendes 25140 38 53 W4 T
R A T TR W 5 MerOts A NG HERT 7t R B 2-

W H MR (2PG) AL 8 (20G) AIE AN
V705 M) MerOtsA Wi PE, J 1Cs, 23N
2.3 mmol/L #1 1.8 mmol/L.

M Sk, BURE 28 R USRS I8 40 1) 7 7E
TH 1)V 5 0 - 6- B R BT o1 7 vh o Bk, B
DR 4 00 1) 751 L A e L R B R VE P . R,
TE AR R B THIE FENE-6- B B A A B S IR, AT %
FEGIANBEFRERXUNE 254, IHEE A R T & i &
VOB R . RIS R A A YA S AL
R AT A R, DASR LA A ik
P BRI WSORR R FE 26, sl G B T IR 1) R4 (%) i v
R, AT R A S R KR A E
212 ZEFMELSWHF BRAEVMENAAERSE
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BE R SRAL B W AT AR i 5 0 - 6 - T TR 5 ST Vs 12 11
SRS A, @k N TR AUR S T AR
AR HF o e - 6- B TR0 S 0 440 A 71 194 R 0L 97 346 B
o I R U A2 AR A T TR A A DGR 1 7R
W n—EERE, AMEEANEMRE RN
Tty 11 5% G PR 45 3 771

Xue S50 J8 i [F YR 6 7 VA AR 2 T AR
JR P MoTPS1 —4ESS /Y BEAY, ik f iz 4 iy B Al
5 MLSMR &P B 40 AN 7T et &
R, TRESE TS5 MoTPS1 A1 /1 5t i)
&Y 2478993, LA N BEAAREAT S5 MR 1L,
WL GINRIES B T FHAY) Lead 25, ZiE
YIRER I B = MoTPS1 3177 GEAIH HBEA
—13.8 kcal/mol, B[l —57.76 kJ/mol), X F.A%5mK
Wk BhAh, 1EHIERDL: 535 EE-6- T IR & il
il [f) R SR JEEY) UDPG Al G6P AL, NADPH 5
MoTPS1 A B 5&¥ZE A7) (UDPG % H1 H Hfig:
—10.4 kcal/mol, Bl —=43.53 kJ/mol; G6P SEAIH
fe: —7.0 kcal/mol, B —29.30 kJ/mol; NADPH 3%
MIE HRE: —11.3 kea/lmol, B —47.30 kJ/mol), X
F W] NADPH 1 Ay g ¥ 0% - 6- W R & B 1) 78
FEAMHNFNREATHE 25 TF R o SMIF T AT TS5 T B -
6- Tl 192 G 3G T 77 345 1 AR FH 4% B 79 16 o O
R, XK RIET MoTPS1 &5 K ¥ & 37 3 il 571
IR 7ML .

Verma'™! i F AL AL 43 B i 5 it #4 o0 BOAT B
MitrOtsA MHIFIHEAT 7 1« 11 AD ST i s i
fifik, o I BGHIESE] 15 A MirOtsA W AEHIH]
For1, 11 RGHESE 7 ANERRTE B R (ADP)
TEAE M B 1) MtrOts A YELEAMHIFI > 7, BEJE 2
S E T PR AL G B L S 1Cso 1. 45 5R
TR 5-(2-MEW I MHER X MtrOtsA FHI] 2808 5%
fE, HICs %4 0.5 mmol/L, 7E ADP f77E 41
T 4-FBHE-6-( = U I )-3- M R FR R M 410 b 3 1k
BRI MerOtsA #1771, 1Cs, fHZ9°4 0.53 mmol/L.
EAFERENE: &1 . HRAHIERER— I
F——5-FEMWIWE, %451 LL 0.65 mmol/L ]
ICso fH R I H 35 A6 MerOtsA W& 1k, HALG
MR R, s IER. Hik, 154 S E
TN -6-WE R A Bl 40 1) 71 2R AT S5 A DAL I, B
X} 5-G e Mg| W IX — 5 40 |y BLgs T 78 4 KiE .

2017 4, kAT KZER Perfect 5510 F| H
UDP PG ImIRF AR T LS 2] 7 & T4~ E BBk w

CaTPS1 FIJH 57 B AfTPST #IHIFR], Ho 7w 2 8
7% (Closanthal) 7EARSN AT X FRBR B A7 AL B35
HOHIRLSL, Hodm /NI R EIRE N | mg/L, {H1E
AT, 2 BRI R R R 2L
R, X BV 2R AR P N B AR A R R AR
GIKIEEP

Kern 2501 @it 70 [ H 3Rk IR W Drosophila
melanogaster A& TPS R AT T & RHE A £
HTPS | F il = e 22, FEET — R
F %t G HE DmTPS A & CfTPSH .35 M 34
RHLEY, SERINE 4 s, Hd2,6- & %E-
4-(3,4- F R HE)-3,5- I -4-H-ERE X DmTPS
MO e, e 1Cs, AN 0.2 mmol/L, H
DIAZ S5 46 B 36 B 4 T AL & X DmTPS il
CfTPS LR ILH AL RAPHI R . Bsh, 2,6- =5
Fe-4-G-IF O 5E)-3,5- “FIE-4-H-HERG . 2,6- &
Fh-4-(2-TH FE W) FE)-3,5- i Fk-4- H-V9E IR A5 45 )
J HATEYEST B B TPS f24E — @ Pl s, X
LA B W) 1Cs0 165 B 40 A 7E 1.4~6.2 mmol/L
] o IX— M 5T R ik T U S - 6- T R & G T B
RUR F R BFBEE T R

R UL 77 12 1 v 168 2 7 0 A2 T ) 75 7 3k A o
SUEM R ERGEE, TR REELS T
PR, AR E . SR EN RO RIRAI
AT FE o3 BT 5 7 V0 ¥ A A TR] P9 SE BT MR AR
B ) 5 H S SR AV T 1 V6 R - 6- T T 5 P
O, X PN TRATLE A i Jo Bl 41 1) 7] 7 32 1
TER, ZEBRBEAMAFESX, ZE5EHEZM
356 7795, A B R v A T A H A BRI 1 1
Y D 7
2.2 ERNE-6-TABRIAEREEEE NI

A FIGEENE-6- TR Tl R T B 1) 790 RO B 9 T3
TERNINIEE A, AHOCRE AL ED, (HdRIE T —L
Ko B R - 6~ Tl I 2 1 T N0 5 5 0 11 SR v
W&, g o B R IR K ToP KA
Y, AH —FRBEED S i i e ik VAR .
22.1 JE4 TOP RE KM 2017 4F, Liu 55 ¢
RS T A - 6 - T TR o TR T 0 o) 71 1) 5
A2 T IRA) TOP G5 Wit H A T 4 FlRP K
B, X 4 PRV EAUD IR E T T6P XUk 45
H, HAEREH —A Co AL HUR IR BR AR £ F 3
M. %10, 76 LR 4 Ffb&dde, U ERE-6-i
2 (T6S) I XA F A TPP B OtsB (1) — & !
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HlvEtE, aileH K FEESARLE (50+5) ~ (340 +
40) pmol/L Z 7], HEAERRIEY T6P H &K
G (T6P B Ky, fH4 (230 £ 70) ~ (690 + 70)
pmol/L)o.

BE 5, BN SOIT R T % TS &5 iy fli4k T
B, BAZRIMACE T6S i & iE3n, I LU BEA
FHT —RIMEEY), o 1R-1-(4-FFORE ) -
1 260 9 - 6- Btk 1 Xof A [ A 400 T 9 W - © - 4 TR Tl TR e
o i Pk fe e, e K (EAXON (5.3 +0.6) ~ (80 =
10) umol/L Z [f] . BEAh, 18-1-(4-¥FE L) -Fil
T HE-6-TRIR AN 1-(4- OB R UL )-H & K -6 TRt
TG BN TE, =3 KB AN (13+2)~
(180 £ 20) umol/L F1 (78 £ 9) ~ (350 + 30) pmol/L **,
WO R TR, SHBRKEFERRN o
SKALH T6S AT A=K b 7 3 H 55 v B 400 A9 12

2019 4, Kapil & W47 1 LA T6P JyBEfE

OB & S B0E, HE R E Y 6-= L ik
TR BERE XS 3 Fh4r KA T OtsB ¥4 B # 1l 2%
B, HICs, H7E 0.42~1.03 mmol/L Z[8]. [FH,
ETHWFRMRIE, HUER A FEN EcOtsB i)
A RATEIFR R R R A T e Wl A R
FA X BT OtsB [alfilvEtE, SR %
N ARER A BANEZATE OtsB 77 A4 — E
HIRRE, AHHAHIRERIEA R, e 1Cs 1l 12.6~
15.0 mmol/L.
222 FEBREEMEA -0 BERBERRNE
Vit o 3T AT R LR R R L R T R A 28 BT AR
BABRIF RS, A8 H A S AZBGH0 #5754 7
1% TAERE A o Cross 251 il 5 1 WA i %6 3
g, M 4 MEAY)SCE (Natural products, Pathogen
Box, CSIRO synthetic library 1 Open Scaffolds
Library) ) 5000 RAMELA Y iiEA 2] T N-ZRE
FABR B, Wik 5 Pros. M EYR
S . Ancylostoma ceylanicum R 5 il B
Toxocara canis 55 4 Pk HLUI¥) TPP 2R P H 5540 )
PE, HICs, EHAEZE 0.89~6.6 pmol/L. HZ i 4A&4b
IR TE R I : A &2 A 42 R R s A0
Y HUT RS I BN BE, ER AL SRR DL R
e OB AR P, SR R A R T 1 A K
TR, HHXTAE OtsB JL-F il R, Xl he
& T2 A 5 2 T B R - 6 - Tl A 9 TR I il £ (1)
G5 K E AR TR

3 FERE

2, AR ZGEAT I B R AT F AR
FIREEETE, ERAGEEMA GBS
BUT 55700 AR A FH P Bl Ak
SRR T — R B, F & 7R
FEAR AW AEAE R IE H AR R, DRIk, IREBR
ZHREAR T I TR AL AR AT & B BLUT A2 AR PRI
— IR TR A R AR
RRBRARKEEEHLRE T KEERELD)
RE, BE B A L i e AU AT O i A N S5 IR
FLENIAR N SRR, X SR WL A 5 B T A DN BT
TR AT R M TEAE AL bR, H T ARBUAR & 42
BMARAGKIIT R . AXTEEEGR TS 5BERS
JASG PR TR - - TR TR Al AR 52 W - - Tl TR O P T
R b RS MRS AE . B 5 R4S & B R B R IR
BRIE, TR RUETR 25 T TR A K
&, BEJE X CARIE BRI B AL S 5 . S
PE AR RHAT VIR, A4 Ja B 17 i 5
B B SR B SRR B TR L . e T SE R R IS
WIRHA B R .

R IRAT ORGSR Tl 45 ) % L3 A 7R B 7
O —Edtfg, (EUFAEVEZ M, Ui e ns
o BB A AR S R D, HL T B U R R
ARG IRAE s BUA B R 45 M O Bk HLR
—,  CARIE R BB B s, (E
ERTE IR B Al . 45 EPTA, RORAT AT
o7 3R R AT B 22 A MV A T AR IR U B A SR
B SR LM, UL B XT B U & U 45 14
FOEREC,  DLSEBLE T Mg 4 M HEAT B AL 25 70 T i) &
BEBETE o 7R DA 30 5 Bl i BUAR 1A 400 il 571 97 ik
R, RSB A S BLSC I 2 R i i U i Rl
&, BURELBE IS S N e S E, Rt
Tt — b e oG . B A ORI TE R A TR N
R UAAT 3 HE Bl LA SR 5 e B AR BB AR 24
5k, BURANLA T AV iR S 4t 28 i
VAYE B
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