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Abstract: Chitin is a polysaccharide that is polymerized by N-acetylglucosamine through B-1,4
glycosidic linkages and ubiquitous in the global terrestrial and aquatic ecosystems. Chitin is one of
the most abundant organic macromolecular polymers on earth. Chitinases are a class of enzymes
that catalyze the degradation of chitin. Chitinases are not only the focus of basic research but also
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have shown broad application potential in a variety of fields such as agriculture, medicine, and
environmental science. This paper systematically reviewed the research progress in fungal
chitinases in terms of the classification, distribution characteristics in different fungal taxa,
biological functions in yeasts and filamentous fungi, enzymatic characteristics, and applications in
agricultural pest and disease control, disease treatment, and production of chitooligosaccharides.
Furthermore, we discussed the future research directions of fungal chitinases. This paper provides

new perspectives for the study of fungal chitinases.
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Figure 1

Structure of chitin, active center of chitinase, and reaction mechanism of chitinase. A: Schematic

diagram of chitin structure. B: Chitinase active center (SmChiB). C: The reaction mechanism diagram of

chitinase SmChiB.

— AR E RGBT R EE, MILT
FT G A ST et s 4Rt T — A EENE R
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F YR/ TR SRR SO 15 A e il /K
1t & W) 45 & B B (carbohydrate-binding module,
CBM)ZEHEME, 1440 1, GHI8 ZKIKnl iat—4
K5 h AL B, C 4k 3 A0 I A X S fif
P A2 hRe AN R AR IS %, LR 1.

TES R — g b, X5 4 ith 25 (Aspergillus
fumigatus) . 22 E 8 (Fusarium oxysporum). %
% £ & H (Hirsutella thompsonii) . % {1 ok 445 B
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KB HwiSes) . bR S FifoE b7
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* 1 GHI8 Rik KGR IE B IHK[6])

Table 1 Classification of the GH18 family (adapted from literature [6])

Classification Molecular mass Substrate-binding domain Endonuclease or ~ The Existence of Location of CBM
(kDa) exonuclease CBM

A 40-60 Deep and narrow Exo - -

B 30-50 Shallow and wide Endo Exist C-terminu

C 120-200 Deep and narrow Exo Exist N-terminu

— RN BTN 75

— indicates that this item does not exist.

FAEANFRJLT BEgRE b A LB, X ERE
JUT B & WO A 2 SRR JL T T i I A0
AERY, B HAR 5 A5 B2FiE , GHIS
ARSI BN . BT K
1.3 HftJLT R

IR GHI8 FGAEFL LT Bl A =
S, (HOEREE R AR A, AT
PEECT LT it 45 A S 5, A
fa] S 4

B K B, TEE H X 22 ST
(Podosphaera xanthii) s 452 H — 2B B L T il

(enzymatically with chitinase activity, EWCAs)*,

XS 2R A OR ST 45 0 B8 R R T BE 45 A
(domain of unknown function, DUF)IMli A& GHIS,
R — NS BB G s XL T B AE 2 R
Jir L AR s BSOS AR B AR A T
FUARSIEGA 00 UE, BE T X Lol 16, 48R
BT SEGEILT i L EZEMECR, R T
— AP R LT B SRR,

X R LT 5 i A L A e el R rh Rl BR Y
OCEHEAA (B, 38 AR ) A R BT B S
KW e, IRBUR IR R R G SR, TE
AR IE Y, KPR R AR YR, AT
RUJUT B il il LK B SMA s (8] vh i JL T L SE 0%
WE— 2 R AR, DT LA 4 240 B 2% T 2 AN B A 4K
P RPE G, VR RO & R 18 EAE
AIGRE RN, R R R YA fE 1P X — & B

oy g gs )5 L B I BOR ML IR AL TR A o

DITERY LA g, GHI9 KR L T i H
FEAE TR TN | R 2200 — S A 20 5 122
tho B, TE—Fh 4 o Aok 2 (Nosema
bombycis) HLF H L BL T B A~ GH19 ZKERYJL
T JBiME NbchiA, AMERHIE 7 HAGPEAL S, T H.
i 3 1 AOROR i S S T AR SO P BT
BUEE TBINIEE, Kok —E oA Mok £ 8
BRI IR IL T B 2 . fEE 2 LT TR
Werb, GH18 JL T Bt o3 i s fe s, o sl
BT, A SCHKE S

2 4k

GH18 JL T a2k i 43 Aii s WA, BT
AT ILVF T A Ak, IR &
JUT Rk g L shi . B w R, LT
Jo T A A7 AE, (HAF SR R WA S8R TE
ENGE-NE/E UGBS TR E S E A =2 S O]
GHI18 KL T Bl a5 A s A T o & 3, I
LT o il 1 e R 2 3 A i S LA RE LT
FrE AR . BN, TERFEE T, il
THILT B 8k, HIUT o o %5 &t A
Notdsg /b | H AN R P % £ (Saccharomyces cerevisiae)
HA 2 f, M6k # (Candida albicans) L A
4 FplO, BRI 2R B o AN LT R
R, R P gn i LT 5 L ] A B 1
At £ (3R 2)P%, FFAE TR A 2R EL B A — 2R
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*2 TEIFHE GHI18 JUT BB = (1221 B X H#k[28])
Table 2  Chitinase amounts in different species (GH18) (adapted from literature [28])

Species Taxonomy Chitin content in cell wall ~ The number of chitinase genes
Saccharomyces cerevisiae Saccharomycetes Low 2
Schizosaccharomyces pombe Schizosaccharomycetes Low 1

Fusarium solani Sordariomycetes High 28
F. graminearum Sordariomycetes High 19
Neurospora crassa Sordariomycetes High 12
Podospora anserina Sordariomycetes High 20
Pyricularia grisea Sordariomycetes High 14
Aspergillus nidulans Eurotiomycetes High 19
A. niger Eurotiomycetes High 14
Isaria cicadae Sordariomycetes High 17
Clonostachys rosea Sordariomycetes High 14
Trichoderma atroviride Sordariomycetes High 29
T. virens Sordariomycetes High 36

%)@ (Trichoderma sp.) L & W A Hm £
LT B RS, HLAA = AR 3 S AR A A S PR IR AN
WA, X LT Bl BeAAEE UIRe 1L, IR
BT L DA AR AL RN AR ) 2 T Re v Y 5 2 RN
i Wk

3 IYEk

3.1 H3IBINRE

FLA LT JREREAT Z R A BRINRE, AR A
A EW . B IERMOR I A A
ARSI LT B A= PR BERS A 25 57 .

DARERE R 5], JLT o Il 7 P B A4t i vp S L
SCU 2RI, oA FE S 0 A AR B R
TR P Bk ) — TR A b, X LT o g e i A A
CTSL AT rkBE, PR 278 4N i HL AT 40 M 4325
HIEEG , R ICIRIER 58, SRR E
A, e K B4 I AT B, 35k e A i 5E L e AT
) 240 i o B DX SR B, TGV R AR R A IR
R 7 A KB 7 B RE A M 3 5 2 3R B
EOPUN s S S 1“2 2 3 Nl R G B2 N L1
FACHN M, 3 2 A 34 2 B A I 25 S RIVRI B
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A % 43 F # 2 (pathogen-associated molecular
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X PAMPs I8 FH g BE DR Y ML A 255 T A2 1R
BT, XEE PO R Z IR,
TS B A S, 520 PAMPs fith & B8 S0 52 W o
JUT AR R TR 4 R RE i PRy o, LR i ™
YL T i B RE(E 2 E 2 PAMP. SR, o B A4
T Ak H Z2 B AL >fe b 3k P00 R0 B IS 149 7 0 52

N o TR FHEATEFE MLl fE v, Bk 2
LT BUEIERA AT RES S T XA . A EN
%% Ji2 4=(Moniliophthora perniciosa)e&—Fl 27 4=
F 0] 1] (Theobroma cacao) i) — g it LB, H:
Sy UWH—FL T TR MpChi 5L T SR Y H
HBREFEMIT, MpChi ATLAS LT IR Y4,
&, W SHEPILT R ZERE R 5550
¥, VASLik IR A S i H RS ek,
P96 i s e W 4 JL T Bl 3 mT RE A K L T i
SRR, AR RE i AR e ) N ILT
JREERY), RFIRGRAEY LT B e,
G H X 22 B 5o 2 AR K (Cucumis melo) |
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HAEM, MEENJLT RGN =RE, Tk
MY (5 S T L, it a8
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Al RE S 5 4N B RE R AR e i B . RS iR
(F. graminearum)Z—7F 8 2 f A 5 ) FL I
fFF 50 Ho A 3% s AN R BB 15 4~ i A sl 2 21 1) i
FEFPE RNA-seq BT AEME 00, K IUALHE
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o R S0 I R R R T — e VR
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KBRS P R e s ER AL, R T HE
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it 38 5 AT — @ RSP, OR[EDRIE . ASEFRE
JUT BRI AR LT, PR mT 22 A0 B 28
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J5 i SmChiB > 1 i ELTA JL T J5 il AL ATL )
HAR O E 1B FrRtet) BB —A SR Y
(B/a)8 TIM HHARFITY, 8 % o WRHERI 8 55 B
P18 % 3 1 JE RN % 2 X 38 (loops) AH B 3% $2 44
Ao MEALTE PR XA T A AR S5 4 i T, A
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F 5 (CID)H T4 B i 456 Stk
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A TF#EDIRZES, Gluldd S HREFRER FEANLETE P b
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Ky, Aspld42 5 Gluldd #HEAEH], N-Z a5
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BRI AP AL ST 7 mk, v LAE 5%
Wit o TERCEE, JUT B IE PEALEY Tyr214
BRI 5 R L AR TR R A B E IR A
Aspl42 Bi% Y5 N-CPRITE a5, faE il
TR B, Aspl142 BRI BIEL 5 R IR Glul44 Bl AL,
OB TY LR A, T MR,
A oY A N S R S R U NS RS d i
Panm R EL DN 1 Sti o W 8L s r A L N =R s e T
o3, Gluld4 BRI WIIRIRAS , 7E Asp140
FRILDIIN T, Aspl42 FRILTFE BIWILG AT &, 7™
YIRS BRI S 1 O X TR R A L
TREEHLH, B EWRANHRS 0, H2E
S HILT RMEA KGR DA KX,

JUT B i B 30 1 2y T AV 24 0E
AFPRIE . ARFEFZ . ARLifk = A
[ R B E | A ) 3050 X6 Tl (%) 06 P 5 K. LT
RIRMILT TG R AT RAL D, 2 M L4
FLR A . AR GO RIS X F R K
PRI JLT BTl , RHR IR T il 25 8 MoK 5 8
(Trichoderma sp.)EL & . BLAIRUL, 72U TR
A bR e v, T B AR RR MRS TR B
B B R TS T o PRSI AR AT L 3,

4 BN
41 RAFFHRERGE

MFILT B EENAEE: . R EpIEE
3%—13%) )2 (R TER 40%)0) £ 2
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Table 3 Enzymatic properties of chitinase

Species The name of Expression host Optimal Optimal Enzyme activity or specific vitality Reference

chitinase pH temperature under optimal conditions
)

Aspergillus nidulans AnChiB Escherichia coli 5.0 / 0.2 U/mg (record the generation of  [48]
N-acetylglucosamine per minute)

Trichoderma Chi8 Escherichiacoli 6.0 40 0.5 U/(umol-h) (record the [49]

guizhouense generation of reducing sugars per
minute)

Rasamsonia Chitl Pichia pastoris 3.5 50-55 0.4 mmol/mg (record the generation [50]

emer sonii of rchitin trisaccharides per minute)

R. emersonii Chit2 Pichia pastoris 4.5 50-55 3.5 mmol/mg (record the generation [50]
of rchitin trisaccharides per minute)

A. niger AnChi Escherichiacoli 6.0 40 / [51]

Coprinopsis cinerea ChiEn2 Pichia pastoris 7.0 40 / [52]

Penicillium Chi-Pc76 / 6.0 55 584.8 U/mg (record the generation  [53]

chrysogenum of reducing sugars per minute)

T. asperellum chi4?2 Escherichia coli 7.0 45 26.0 U/mg (record the generation of [54]
N-acetylglucosamine per minute)

T. asperellum gene02524  Pichia pastoris 5.0 50 0.2 U/mg (record the generation of  [55]
chitin trisaccharides per minute)

T. viride / Pichia pastoris 6.0 / 30.9 U/mL (record the generation of [56]
N-acetylglucosamine per minute)

Trichothecium Trchi2 Pichia pastoris 6.0 45 4.0 U/mL (record the generation of [57]

roseum

reducing sugars per minute)

13271 ST FE AR AR S BB G 05T H

/ indicates that the study did not mention or do related research.

A 2GR A T RV . KL T BTl Al A
A& HURV RN LR ) AR AT DA T2 5%, i HL
Al DL TR B AR5 P I R ) i, A BTk A
DR TR 2t P e R ok v 7T B0y A ft 5 R A
B IR ) o0 FIF SRR B AUEE TR
FORIER LT Flgxtdk i, B, RREHS
KL R4/ S, anpy JLT g CHI2 7E4:fa
TLREH (M. anisopliae) B0k T ih it %5 B 3
VEA, Wbk Rk e = CHI2 LK B i R R
TR R AR 415 (D. peruvianus) B i Bl HE
iRy 5110,

A, EERR LT G R A Y
HrE ) — Pl B IR 9 L A SR . s e L R A

Y3 5 ARAT T O — S R F P, AR
SEHURR RE ST O TRIERE R X AR R ) 3 ARl PER
TN AR RN a7 A B TSI e BRI HORTE
TR #i2E (Gossypium hirsutum)!®! | %58 4
%7(Nicotiana tabacum)'® | 7K f#(Oryza sativa)'®! | 3¢
F(Malusxdomestica)'®”!, £ (Arachis hypogae)™ |
1% N (Daucus carota var. sativus)*“5E4) I
AR TN TERR R A LT Bl s,

PUE 396 S G R X REAH e 24 9%, HAR
ZMERAA B R R s 7 e i b A Hh R
EHE IR IL T BRI R ARG S, &0
Zadi %, T2 A 30 PREA s A
PEOYS FEMR R AL T FREESEIN S, SR
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#E T (Sclerotinia scleroti orum) i Ftss Bt 5k 32 8008,
FEUR LT 5l A B LB O R TR,
X BE R SR W A DL AAE T E 3R AL T —Fhfat |
PTE R BT AAILED , kD T X A2 A 2 (R AR
A BB sl
42 EFFENA

JUT Bl A Ml B AR KR, X —
DL CAFEIUESE . % F A ARFNIEFL sh Py A iy R
FEAENTRPE LT BT, e mT A A B B 3 A 5
Mk, sS MG N, DRI &
S U YR Y, A LT AT AR
PR 22N, B RIFRPIE s, A
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