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Fig. 1 Structure of chitin and chitinase
E1 NTRENLTREBEHREE
(a) JLTB&Hm gl (b) JUT BRI . 20 S5H Al s AL S AR R IR . BBIDTRTA (S, marcescens), SmChiA (PDB ID
1EHN); S. marcescens, SmChiC (PDB ID 4AXN); I (Pyrococcus furiosus), Pf-ChiA (PDB ID 3A4W); JKOEEFTE (S. griseus),
SgChiC (PDBID IWVU). Loop: JCHLM#:; o: olfiE; p: pirc
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Fig.2 Conserved analysis of chitinase active center

JUT BRBgiE R F S A

(a) JLTJREGSEYI4EA Hm; (b) GHISEE (PDBID IEHN) S5GHI9FK % (PDBID 3WHI1) FiJLT GG h.O 5913 .

®
HEIR JE o 5[ 1 3 .
GHI8 e - -
4l B b b g
& o4|Elo7lor06 B 07 06 N2 5
3_
%
® 24
'
£1WV E
|
=]  h'd
0= = WYk=
m M=l m B m OB B
IEEN & |R|E[S§ % $ 8§ Q
GHI19 g B
T 07 05 050403 B O
w37
it
K24
&
= n
| A
0- 1 HiNs FY
3WHI1 QB o = Z > o
— N N o O v
S 88 8s 29
2
2.2 fEHHLEH

HHT, BEHEXT GHI8 5L T Bl AL ML 14
WEFT, WOk 22 B TEE 2R B Syl B Ok BE B R A
A b R ALEE . DR AR R Y E W
(Serratia marcescens) ) JL T Jii § SmChiB (PDB
ID 1E6N) SHfilEA 2, 4 GleNAc i#f A-1 WA i
I, TERIEMRIRAMVER T KA 524, hfiat
MG AR G, 45 N- £ T3 1 2 i 41U 1
SRSk (C1) JFREFEZIGE, Tyr214 5%

SRR TFIE AR IR 5 . Aspl42 iF4T B
5 N-CBEHEIE A, foE R RS54, 5 4b
Asp142 Bl J5 5538 Glul44 315 HIE i S 0 it
FHMA, BRI, oA, B ]
WIE R e ALK T3 ClL L SR TG, Ak
Wk B b Al AR AR AR, Gluldd R B w0 G OR 3
Aspl142 7€ Asp140 (5 B T BFL IR G i &, 774
B, AKfise (K 3a). HEAMFFE, Wk
[ [7]— ¥k B 9 SmChiA (PDB ID 1EHN) 2 (#{ifk.



2022; 49 (D

X, & @WEJLTREBE. RS FEITHHHRER

+1183-

SRR I ARIE BT S - rh )R . 7RI 16
FiFAb)a, 5 Asp311 M EAERIH Asp313 B4% 2] H
BAUAL, ISR Glu3 15 AH B AR S -1
¥ 15 GleNAc [ N- 2 B2 3 F148 C2-N2 Jigds , N-&4
ik 2 3 A1 119 N-H B 28 55— 1 8 oK ffasd A
GHI19 Z 5 JL T Joa il >R H B — 5 48 S L HIL T
LIk A& EEE (Bryum coronatum) B GH19 Kk
JUT Jfif# BcChi-A (PDB ID 3WHI1) 2/ Kl 47 )
iR bR (F3b) . Ak N A& AT,
Glu6l 1E AL, Glu89E M1kt . GleNAc %

(@)

IK=1 A7 s R R A A . Gluol $24E H &5
TR ) S AR A, BRI,
T RSS2 a4, [AET Glnle4 5-1 Ay
S GleNAc i N- £ I 22 3 AT i U, MR LR
Gk S R AR P . Glu70 /B — ikt %5
e K FRIVER, S s, B Ser102
{18 3 B AU O ol S e 1 1) AR A 7K 43 7 ] LA
Glu70 BE I &A= 5T o KA =) R A TR
B, A ek, PR, KIRTER.

Asp215 Asp215 Asp215
0380 o)e\(_) O)o\(_)
) ) )
y H
R—O&'OA/‘ R ’0&02‘ .......... O-1 ,O&‘OA,OH O«
Tyr10 HO L Tyrl0 R7o _o. | Tyrl0 RHo NH :
@ /& on —> op&( H i A OH
e 0 é OH 2 ;50 0 0
~ H Tyr214 H" _— : H Tyr214
= S H = Tyr214 =) T
i \()""H/O O i Y, Aspla2 o gy § 'y OLOH H
2 ~<® (6] jQ ~<® 0" 0 =< %\<® O
< ey = ] < \ D14 -
e} Aspl42 ) < V% < Aspl42 0
! Glul44 0 Gluld4 on Glu144
(b) Ginl64 Glu61 Glnl64 Glu6l Glnl64 Glu61
i, C?,\an Jrm, .
00 T o) 0 o
OH H
0 % _0 OH H
RO 0 0® /' o
HO R B \ d RO oS,
NH RO U\ ~g HO \n R
0:{ —_— Ho—H TNy —_— . ={ oH
Ho™ : ) :
o_ /P B HO\
Serl02 ”(I) o 0 Serl02
Glu70 Ser102 \( Glu70

Glu70

Fig.3 The schematic diagram of chitinase catalysis mechanism
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Fig.4 The schematic diagram of the processive catalysis mechanism of chitinases
B4 JLT REERHFEEELVFEITE
(a) SmChiA5SmChiBHFLEMEAE PR ER; (b) SmChiASCEETS F IR G MR A SR G AE /R EIE; (o) SmChiAJGHEM MRSk
I 5 R EAE R ERL
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il St ka7 2 AT & . Nakamura 55 20 1 FH &
RS RERSF IR . XA AR R 2 R T3l ) A
PAEFARMGE T SmChiA F Lz sipLEE, 43
B ORI EAL RN = R ) AL
BB AEENT3) o A6 —TAf5E T, Nakamura
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Fig. 5 The shematic diagram of synergistic degradation of chitinases
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Research Progress on Structure, Function and Molecular Design of
Bacterial Chitinase’
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("The State Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, China;
IState Key Laboratory of Biological Fermentation Engineering of Beer, Tsingtao Brewery Company Limited, Qingdao 266000, China)

Abstract Chitin is the second largest natural polysaccharide after cellulose, which is polymerized by N-acetyl-
D-glucosamine, having important application value in agriculture, industry, medical treatment and other fields.
Natural chitin exists in a highly crystalline state with complex barrier against degradation. Bacteria can secrete
multiple chitinases with special functions to degrade chitin efficiently. Chitinases mainly distributed in GH18 and
GHI19 families in CAZy database. There are obvious phenomena of gene amplification and multi-domain
combination of chitinase genes in bacteria. Chitinases with various action modes in different GH families can act
synergistically to break the barrier and complete efficient degradation of crystalline chitin. Therefore, in-depth
analysis of the structure and function of bacterial chitinase is of great significance for efficient degradation and
high-value conversion of chitin. In this paper, the classification and structural characteristics of bacterial chitinase
were introduced, which laid a foundation for further research on the functional mechanism of the enzyme. After
that, the action mechanism of chitinases belong to GH18 and GH19 families, including the binding mechanism of
enzyme to substrate, catalytic mechanism was summarized to further understand the characteristics of chitinase at
molecular level. It is worth noting that processibility is an important characteristic of chitinase to efficiently
degrade crystalline chitin, so the molecular mechanism of chitinases, including the effects of polar amino acid
residues and aromatic residues on processibility was focused on. In addition, the synergistic degradation modes of
extracellular chitin degradation enzymes in 3 different bacterial were summarized, which provided a theoretical
basis for the design of efficient chitin degradation enzymes. Through a review of the research progress of
molecular modification of chitinases, the role of protein engineering design strategy based on structural
bioinformatics and big data deep learning in future modification is prospected, which provides a new perspective
and ideas for the design and rational modification of chitinase. To sum up, this paper introduces the relative
knowledge of chitinase from structure to mechanism and function to application, which provides a comprehensive
foundation for further study of chitinase, the structural and molecular basis for the design of high-functional

enzyme, and a theoretical basis for the application of chitinase.
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