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Advances in the mechanisms and development of carbohydrate-based inhibitors and their
bioisosteres targeting insect chitinases
ZHANG Yanjun, Al Yin, DONG Yanhong, ZHANG Jianjun”

(Department of Applied Chemistry, College of Science, China Agricultural Unversity, Beijing 100194, China)
Abstract: Due to the absence of chitin in higher animals and plants, insect chitinases, which are critical for molting and
development, are ideal targets for eco-friendly insecticides. This review summarized recent progress on carbohydrate-based
inhibitors and their bioisosteres, such as N-methyl carbamoylguanidine, in the inhibition of chitinase. Using strategies such
as click chemistry, fragment-based design and scaffold hopping, the research team designed and synthesised a variety of
compounds, including glycosyl triazole derivatives, glycoside derivatives and N-methyl carbamoylurea compounds. The
insecticidal activities of these compounds were 61%-89% against Plutella xylostella and Ostrinia furnacalis. And they
could significantly inhibit molting and growth. Molecular docking and dynamics simulations elucidated the interactions of
the inhibitors with the enzyme active sites (-1 and +1 subsites) via hydrogen bonds and - stacking. Virtual screening and
pharmacophore modelling further optimised inhibitor design. However, challenges such as selectivity and water solubility
persist. The future integration of high-throughput screening, artificial intelligence and nanodelivery technologies offers
promise in advancing multitarget inhibitors and providing innovative solutions for sustainable agriculture.

Key words: insect chitinase; carbohydrate-based inhibitor; isostere; insecticidal activity

:2025-06-30
: 32272580.21772230 2022YFD1700204
1998— o E-mail zhangyanjun@cau.edu.cn
1974— N °
E-mail zhangjianjun@cau.edu.cn

- 21 -
hE4IM  https://www.cnki.net



24 4

40% 2200 i, o
2 o
Bl _
4
o 1.1
B-1,4 N- -D-
(51
o 4-
CAZy Dong © N- -B-D- GlcNAc
18 GHI18 GH19 B-N- Hexs
GH23 GH48 (71 R 4-
GH19 GHI18 -N- -B-D- 4-MU-GIcNAc
1 N
-GHI8 1. Hexs 1
GHI18 HPLC
TD-DFT o
o GH18 1 MTT
80 wmol/L o  Hexs
o SW480
I Hexs MDBK
Chtl . 11 Chtll . h Chi-h o o
Hex 0-(2- -2- -D-
s, )-N- PUGNAc
N SpHex
o Chtll
1 oChen 1 4
11
OfChtll R
o 2  OfChtlI-C1 K;  38.43 pmol/L
OfChtII-C2 32.91 pmol/L,
o 2 +1/42 -1
N- o 2
-2 -

hE4IM  https://www.cnki.net



2025 8

o 2 3 Python Molecule
4 PyMol o
o 3 OfHexl 0.065 wmol/L
B-N- -D- SpHex 1 pmol/L
Liu X o
no
g 0 o HO
NHAc \©\/ HO C}){o 2
\g K\/\oﬁ’ NHAc T
8
1(n=4) 2
Hé{w& %O Ho )
HO 0 kﬁ HO O N O
/Nq— NHAc NHAc HO T ‘O)Lﬁ
3 4
1 /
1.2 -
‘@ ” Dong [12]
OfHex1 OfHex1
SmCHB Liu 0 X 5 28.68
4 o wmol/L B-N- B HsHexB
4 OfHexl 0.24 pmol/L K;>100 pmol/L
SpHex 0.058 pmol/L 2 . MD
o OfHexl
1.3 -1 Asp367 . Aspd77
Asn489 +1
Trp490 -1 - MD
° 5
-1
0
HO o 0 O HO N—N Q
Hg&/s\)LNA}{WN HO= o
NHAc H o \=N . O N
6 (n=6)

5 (n=4)

R O
O==< O

NH,
7 (n=6)

https://www.cnki.net

o [ %71

- 23 -

HO Ph
H
HO/&A/S N
HO T HT
01 0
H

8 (n=6)



o [ %71

24 4

Shen
(3] 4 2
o 6 OfHex1
2.7 wmol/L HsHexB 1IC5, > 100
pmol/L.  hOGA ICs5>90 pmol/L o
6 OfHex1
-1 His246.Glu297
+1 Trp490 - o 6
200 pg/mL 6
47.2% 40.7%
600 pg/mL 50%:
5d 6
76% o
OfHex1 PDB ID 3NSN
PUGNAc¢ -1
+1 Val327.Trp490 Shen [
o 7 8
K; 25.6 £ 0.5 pmol/L
53.8+0.3 pmol/L,
Arg220.Asp367.Glu526 -1
+1
1.4

B-N- i3,
SGLT2 C- Liang [¢
GlcNAc -1
+1 - o
9 OfHex1 ICs,
47.47 pmol/L 3. - 2
3 4 °
9 -1
PUGNAc o
9 90 mg/L
67%
N- Liang [
C-
. 10 OfHex! ICs,
1.77 pmol/L CAUZL-A ICs,
47.47 pmol/L 30 .
10 OfHexl
-1 .
10 500
mg/L 61%.

HO

N
0 HO o) N=
Ho 0 HO HO )=N
HO 2 NI o o} ? NHAc | S
N H c
HO Z 0 E 00 /NDJLN(/\)\/
NHAc H'/n
NHAc s _

/
1

(91 N-

- 24 -

9 10 (n=4)
3
GHI18
OfChtl.OfChtll.OfChi-h  GH20  S-N-
OfHex1l Ai Glu328
o 11
K; 23.21 pmol/L OfChtl .40.20 pmol/L
OfChtll .28.32 pmol/L OfChi-h 15.21 pmol/L
Offfex! . 11 500
pg/mL
63%
o 11
https://www.cnki.net



o [ %71

2025 8

pmol/L HsChitl 4.2 nmol/L SmChiB 25 nmol/L
o N- GlcNAc OfChi-h - SAR 3
0 4 °
argifin  N- 15 -1
-1 Asp.Glu Tyr +1/+2 - o
Zhao ™ “ 7 12 16 N-
N -1
4 . 12,13 14 OfChi-h +1/+2 sy Zhao ™
0.095+£0.014 pmol/L. 0.098 o 16 1ICy
0.003 pmol/L  0.056 £0.006 pmol/L ~ SmChiB 27.1 nmol/L OfChtl  249.1 nmol/L OfHex1 .
0.860 £ 0.025 pmol/L. 0.810 =+ 16 -1
0.010 pmol/L  0.110%0.003 pmol/L, o
MD N- 500 mg/L 16
-1 -2 °
60ns RMSD  1.0A4 .
13 200 mg/L Zhao @ N-
89% 14 50 mg/L 73%
10% o ° 17
N- Zhao P OfChi-h ICs,  0.20£0.01
=T pmol/L 18 OfChtl ICy
o 5.47+0.01 pmol/L.
15 ICy 0.19 -1 o
o
(6] (6] O
&opﬁi’“ B L\TV@LNT&T& ELM:/ L
NH O Uy o NH
12 13 14
N
/@\ Q w oW ow o N N_N R\g/@/ \‘U];\g/
AT jenaate )
! \VE;I \g/ o 17 R=
15 16 o
Q 18 R- ?@
SN Nl I I A .
T LT UV\H/HO\ Osj\/?%/\/ﬁﬂﬂ
O O,N \ﬂ/ >
NH O
19 (n=5) 20 21
4 N-
B-N- OfHex1 o
Liang © 19 OfHex1 1ICs
GH18 OfChtl .OfChi-h ~ GH20 1.43 £0.3 nmol/L  OfChi-h 1Cy, 4.43 +0.5
- 25 -
https://www.cnki.net



o [ %71

24 4

nmol/L  OfChtl IC;, 12.63 £ 1.2 pmol/L.

-NHCH; n=5
Li @ 7- [c]
[1,2,5]m% N-
o 20
OfChtl ICsx 12.3 nmol/L OfHex1 1Cs 1.76
pmol/L o
20 N- 2
-1 OfChtl Aspl46.
Tyr217 . Trp107 OfHex1 Asp367 . Glu368 |
Trp490 -1 o
20 200 mg/L
81% N o

Li B °
21 OfChtl.OfChtll  OfChi-h
ICs 0.7 pmol/L.0.79 pmol/L  0.58
pmol/L K; 0.050 £ 0.005 pmol/L. 0.065 £
0.004 pmol/L  0.025+0.006 pmol/L
° 21
N- -1
OfChtl Asp218 Trp372 OfChtll
Aspl1731.Glul733  Tyr1803 OfChi-h
Glu308 Tyr383,
OfChtl Trp34.Trp107 .Phe309 -

10 GH18

RNAIi

[1]
[EB/OL]. [2025-06-30]. https://news.un.org/zh/
story/2025/05/1138556.
[2] , . [91.
,2020, 34(4): 511-518.

[3] , , ,
. , 2020, 34(4): 502-510.
[4] , , ,
. ,2010, 32(5): 28-31.
[5] , , ,
] ,2024, 5(6): 1279-1299.
[6] , ) . N
). ,2022, 49(7): 1179-1191.

[7] JTANG X, YANG Q. Recent advances in glycoside hydrolase family
20 and 84 inhibitors: structures, inhibitory mechanisms and
biological activities[J]. Bioorganic Chemistry, 2024, 142: 106870.

[8] CHEN W, JIANG X, YANG Q. Glycoside hydrolase family 18
chitinases: the known and the unknown[J]. Biotechnology Advances,
2020, 43: 107553.

[91] DONG L L, SHEN S Q, LU H Z, et al. Novel glycosylated
naphthalimide-based activatable fluorescent probe: a tool for the
assessment of hexosaminidase activity and intracellular hexosami-
nidase imaging[J]. ACS Sensors, 2019, 4: 1222-1229.

[10] CHEN W, ZHOU Y, YANG Q. Structural dissection reveals a
general mechanistic principle for group II chitinase (Chtll) inhibition
[J]. Journal of Biological Chemistry, 2019, 294: 9358-9364.

[11] LIU T, ZHANG H, LIU F, et al. Active-pocket size differentiating
insectile from bacterial chitinolytic 8-N-acetyl-D-hexosaminidases
[J]. Biochemical Journal, 2011, 438: 467-474.

[12] DONG L L, SHEN S Q, CHEN W, et al. Glycosyl triazoles as
novel insect B-N-acetylhexosaminidase OfHex!1 inhibitors: design,
synthesis, molecular docKing and MD simulations[J]. Bioorganic
& Medicinal Chemistry, 2019, 27: 2315-2322.

[13] SHEN S Q, DONG L L, CHEN W, et al. Synthesis, optimization,
and evaluation of glycosylated naphthalimide derivatives as efficient
and selective insect B-N-acetylhexosaminidase OfHex1 inhibitors
[J]. Journal of Agricultural and Food Chemistry, 2019, 67: 6387-
6396.

[14] SHEN S Q, DONG L L, LU H Z, et al. Synthesis of ureido

thioglycosides as novel insect B-N-acetylhexosaminidase OfHex!

( 44 )

- 26 -

https://www.cnki.net



24 4

,2003(6): 963-966.
[41] , . - -
[J1. , 1998(5): 92-96.
[42] . -
[D]. : ,2022.

[43] SCHWAB A P, AL-ASSI A A, BANKS M K. Adsorption of
naphthalene onto plant roots[J]. Journal of Environmental Quality,
1998, 27(1): 220-224.

[44] HUANG H, ZHANG S, CHRISTIE P, et al. Behavior of
decabromodiphenyl ether (BDE-209) in the soil-plant system:
uptake, translocation, and metabolism in plants and dissipation in
soil[J]. Environmental Science & Technology, 2010, 44(2): 663-667.

[45] DETTENMAIER E M, DOUCETTE W J, BUGBEE B. Chemical
hydrophobicity and uptake by plant roots[J]. Environmental Science
& Technology, 2009, 43(2): 324-329.

[46] GE J, CUI K, YAN H, et al. Uptake and translocation of
imidacloprid, thiamethoxam and difenoconazole in rice plants[J].
Environmental Pollution, 2017, 226: 479-485.

[47]1 WAN W, ZHANG S, HUANG H, et al. Occurrence and distribution
of organophosphorus esters in soils and wheat plants in a plastic
waste treatment area in China[J]. Environmental Pollution, 2016,
214:349-353.

(48] . [D].

,2021.

[49] KANG F, CHEN D, GAO Y, et al. Distribution of polycyclic
aromatic hydrocarbons in subcellular root tissues of ryegrass
(Lolium multiflorum Lam.)[J]. BMC Plant Biology, 2010, 10: 1-7.

[50] XIANG L, CHEN L, YU L Y, et al. Genotypic variation and

[t}

mechanism in uptake and translocation of perfluorooctanoic acid
(PFOA) in lettuce (Lactuca sativa L.) cultivars grown in PFOA-
polluted soils[J]. Science of the Total Environment, 2018, 636:
999-1008.

[51] GAO Y, ZHANG Y, LIU J, et al. Metabolism and subcellular
distribution of anthracene in tall fescue (Festuca arundinacea
Schreb.)[J]. Plant and Soil, 2013, 365: 171-182.

[52] MCLACHLAN M S. Framework for the interpretation of measure-
ments of SOCs in plants[J]. Environmental Science & Technology,
1999, 33(11): 1799-1804.

[53] COLLINS C D, FINNEGAN E. Modeling the plant uptake of
organic chemicals, including the soil-air-plant pathway[J]. Environ-
mental Science & Technology, 2010, 44(3): 998-1003.

[54] : : :

[J]. , 2020, 22(4): 579-585.

[55] XIA B, WANG S, LIR, et al. From Water to water: insight into the
translocation of pesticides from plant rhizosphere solution to leaf
guttation and the associated ecological risks[J]. Environmental
Science & Technology, 2024, 58(17): 7600-7608.

( : )

o [ %71

( 26 )
inhibitors[J]. Bioorganic & Medicinal Chemistry, 2020, 28: 115602.

[15] GUO B B, SHEN S Q, JIN S H, et al. Synthesis and enzyme
substrate activity of p-nitrophenyl N,N'-diacetyl-4-thio-3-chitobio-
side[J]. Chinese Journal of Organic Chemistry, 2019, 39: 3490-3497.

[16] LIANG P B, XU Q B, CHEN R Z, et al. Design, synthesis,
biologically evaluation and molecular docKing of C-glycosidic
oximino carbamates as novel OfHex!1 inhibitors[J]. Carbohydrate
Research, 2022, 520: 108629.

[17] LIANG P B, LI J M, CHEN W, et al. Application of natural
bioresources to sustainable agriculture: a C-glycoside insecticide
based on N-acetyl-glucosamine for regulating insect molting of
Ostrinia furnacalis[J]. Journal of Agricultural and Food Chemistry,
2023, 71: 5496-5506.

[18] Al Y, ZHANG Y J, CHEN W, et al. Glycosyl structure guided
design, synthesis and biological accessment of chitin degrading
enzyme inhibitors with insecticidal activity[J]. Journal of Molecular
Structure, 2025, 1339: 142457.

[19]

N [D]. ,2017.

[20] ZHAO Z X, XU Q B, CHEN W, et al. Rational design, synthesis,
and Biological Investigations of N-methylcarbamoylguanidinyl
azamacrolides as a novel chitinase inhibitor[J]. Journal of Agricul-
tural and Food Chemistry, 2022, 70: 4889-4898.

[21] ZHAO Z X, LI F, CHEN W, et al. Discovery of aromatic 2-(3-

(methylcarbamoyl) guanidino)-N-aylacetamides as highly potent
chitinase inhibitors[J]. Bioorganic & Medicinal Chemistry, 2023,
80: 117172.

[22] ZHAO Z X, CHEN W, WANG S M, et al. Rational design of

—

N-methylcarbamoylguanidinyl derivatives as highly potent dual-
target chitin hydrolase inhibitors for retarding growth of pest
insects[J]. Journal of Agricultural and Food Chemistry, 2023, 71:
2817-2826.

[23] ZHAO Z X, CHEN W, DONG Y H, et al. Discovery of potent
N-methylcarbamoylguanidino insect growth regulators targeting
OfChtl and OfChi-h[J]. Journal of Agricultural and Food Chemistry,
2023, 71: 12431-12439.

[24] LIANG P B, LI J M, CHEN W, et al. Design of inhibitors targeting
chitin-degrading enzymes by bioisostere substitutions and scaffold
hopping for selective control of Ostrinia furnacalis[J]. Journal of
Agricultural and Food Chemistry, 2024, 72: 10794-10804.

[25] LI F, ZHAO Z X, CHEN W, et al. Design, synthesis, and biological
investigations of novel carbamoylguanidinyl nitrobenzoxadiazoles
against chitinolytic enzymes[J]. Journal of Agricultural and Food
Chemistry, 2023, 71: 18333-18344.

[26] LI F, CHEN W, Al Y, et al. Design and synthesis of novel

[}

indole-derived N-methylcarbamoylguanidinyl chitinase inhibitors
with significantly improved insecticidal activity[J]. Journal of Agri-
cultural and Food Chemistry, 2024, 72: 21410-21418.

( : )

- 44 -

https://www.cnki.net



