£ T BRO¥ B B/AREIA SIS
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn Mar. 25, 2023, 39(3): 912-929
DOI: 10.13345/j.¢jb.220530 ©2023 Chin J Biotech, All rights reserved

ik

]

RS ST RE R KRR

A FER Y, EAE T, A, EZRR

1 P E R B ER A s T b R A B EE 5 0N U E Y S S, AR 610041
2 HREFR R AR YIS T IR E YU A S SR E, AR 610041
3 PEBEEBERS, JEE 100049

WA, B, XU, AR, ERIN. FoRBESS S5 R BT S R[], AR TR A4, 2023, 39(3): 912-929.
XIE Jie, LI Yubin, LIU Jingwei, GOU Yan, WANG Ganggang. Advances in the structure and function of chitosanase[J]. Chinese
Journal of Biotechnology, 2023, 39(3): 912-929.

 OE. ERBEEA-EANERBLARK 4&4&%1&%IL%K%%@ILT&%%%%%% HT
E ) RABRALA RS T EN I e R B, L5k, ﬁm%%%%ﬁiﬁm& TE

2
ok, B, KX HAMHR. shiks ﬁ PEALAE Fo B @ T T A2 BGE SHAT B oK 3T, 5F
Xt B ik ) & 7o BB v Se AT R R, X A IR B A AT o bR B AR I AUR] 09 IAR, A3 o AR B 4G
T A

KR wRAEEE; dhRgE A MRALALE MR

Advances in the structure and function of chitosanase

XIE Jie"*?, LI Yubin'?, LIU Jingwei'**, GOU Yan"?, WANG Ganggang'”

1 Key Laboratory of Environmental and Applied Microbiology of Chinese Academy of Sciences, Chengdu Institute of
Biology, Chinese Academy of Sciences, Chengdu 610041, China

2 Key Laboratory of Environmental Microbiology of Sichuan Province, Chengdu Institute of Biology, Chinese
Academy of Sciences, Chengdu 610041, China

3 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Chitosanases represent a class of glycoside hydrolases with high catalytic activity on
chitosan but nearly no activity on chitin. Chitosanases can convert high molecular weight
chitosan into functional chitooligosaccharides with low molecular weight. In recent years,
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remarkable progress has been made in the research on chitosanases. This review summarizes

and discusses its biochemical properties, crystal structures, catalytic mechanisms, and protein
engineering, highlighting the preparation of pure chitooligosaccharides by enzymatic
hydrolysis. This review may advance the understandings on the mechanism of chitosanases and

promote its industrial applications.
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(chitosanase) [H BB = 59 H & —PEHK iR 72 2R
B I 28 52 0 o

1 5 RO oy R L R A i

1.1 FTEEMEX

2004 4F, [y 44 28 51 20K RE K DI i s Xof
FSERBE Y B-1,4-BH PSR UET T N /K R I Il S
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[R A , SR UE T E0R ZE AT TR (Bacillus mycoides)
TKUO038 A1 4 4 {4 T (Chromobacterium
violaceum) ATCC 12472 [1)5¢ M BEAE 48 58 1) ik
M2 AT e e AL R0, TR IR
H % i (Penicillium sp.) 1B-37-2A i5¢ R WG 7E
pH 2 4.0 [ ERTE 2508 T B B WE Y e
WE Rl —MAE 3060 °CYLIFE N Gy, — 2
LI FZE AT B P ORE 5 7 AR T B Y o R b
fitf24330 SR PR B FF TR (Renibacterium sp.) Y82
1) 57 SR T 20 AV U 194 B g 2% A7 3 B R B )
mE, HATE 20-30 °CIRRTRER T 80%LA Y
it 100,
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Table 1

Selected enzymatic properties of chitosanases from different sources

Category Organism Family MW (kDa) Optimum pH Optimum temperature (°C) Reference
Bacteria  Bacillus lichenformis NBL420 GHS5 45 8.0 50 [11]
Streptomyces bacillaris GHS 35 10.0 50 [12]
Paenibacillus barengoltzii CAU904 GHS8 58 5.5 70 [13]
Paenibacillus sp. X4 GHS 41 7.0 50 [14]
Paenibacillus sp. 1794 GHS 40 4.8 70 [15]
Bacillus mojavensis SY1 GH46 31 5.5 55 [16]
Bacillus atrophaeus BSS GH46 27 5.0 45 [17]
Bacillus glycinifermentans BT2019 GH46 32 5.0 20 [18]
Streptomyces albolongus ATCC 27414 GH46 30 8.0 50 [19]
Streptomyces niveus GH46 30 6.0 50 [20]
Mitsuaria sp. C4 GH46 34 7.2 40 [21]
Mitsuaria chitosanitabida 3001 GHS80 34 4.0 30-40 [22]
Mitsuaria sp. 141 GHS80 33 5.5 60 [23]
Fungi Amycolatopsis orientalis IFO12806 GH2 104 53 60 [24]
Aspergillus sp. W-2 GH75 28 6.0 55 [25]
Penicillium oxalicum M2 GHT75 42 5.5 60 [26]
Plants Ficus awkeotsang Makino - 21 4.5 50 [27]
Viruses  Chlorella Virus PBCV-1 - 66 5.0-8.0 50 [28]

—: Classification not defined yet.
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HEHE 2 A5 RN BCEE X (Thr23-Tyr29)5 GH46
FIGE AT RBERGAH L R, R ITCHE R,
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3.2 GH2. GHS %1 GHS80 Z k7= B HEfg Ay
BB R L5
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TE GH80 K&, R T s RAEILE
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) Al AR S5 10 ) 23R by, HOE IR 4549 (PDB
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- sp40- ;
Hm-ge b ﬁf{\/ p - Catalytic
region ¢4 Glu22 _ pocket
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Figure 1

ID: 5B4S)5 GH46 Z % 1) e M i AH L (&
3A-B). McChoA HJJIEYITEYE 46 T N Ity
RN C gh M () A TR, 2 SR AL
FER Gludl Fil Glu6l 435l 4b T al Fl o3 BRE I
McChoA FIZER A 2 Be Rk X, AT
F 2 HIE(al /a2 F ab/a7)Z 0], XS R RRAE
AIREAFIT McChoA TEZEGIRHINS &AM G %
. J38k, McChoA HIEAE 6 1B EIR, TEHL
3 XF Wi (Cys56-Cys151 . Cys227-Cys235 .
Cys260-Cys297), RASMTEERFM, (FRPME
R P BRI 2™ S M B IS P , X P R
B McChoA 945 Hfa e A B EAE P,

E

N-domain /4~ 7y 2
(' G":"‘ - Loopl

{L?“r ‘ %j&f X
Hinge ¢ _ % Catalytic

region (¢ L K = pocket

Catalytic

Catalytic
pocket

Crystal structure of GH46 chitosanase!******. Crystal structure (A) and surface electrostatic

potential (B) of chitosanase N174, the red to blue gradient indicates the change of potential from negative to
positive. Crystal structure (C) and surface structure (D) of MH-K1. Crystal structure (E) and surface structure
(F) of CsnMYO002. The N-terminal domain, the C-terminal domain and the hinge region are colored in cyan,

light blue and wheat, respectively.
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MH-K1 EKVF|CGK[IKKLONDAR AMWE TFY|NVR{IR[YSVEQARQR[EF TSANV|ITIGSF[VSTALNQ[EA
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Qou01 LO000000Q000Q 200 Q000000000000000 200 20
160, 170, * * 180, 190, 200,
Quo01 SQRDAFGGIRAEALSAAL.PP|SQGGDHETE YLEABRFDARNVIMRE . . . . .. EPAHADTSR
N174 GNDPTSFGGIRKTAMKKAR. TPAQGGDIHTTY LDAMRIKAAMLT . . .. .. EAAHDDTSR
MH-K1 TIGGSDTLQGLLARSGSSSN. .[.]|. .|.|.|-ldKTF HAKBITLVVDTN. .. .KYNKPPNGKN
GsCsn46A GDDGDGLPAMIARTTAKVNGIPAEGVDIHRRWELK TILKIBEKQVLRHPANLETEDEWSESTG
CsnMY002 GDDPDSFYALIKRTNKKAGGSPKDGIDIMKKWLNKIYLD VIYDD LMNPANHDTRDEWRESVA
SACTE_5457 GGDSTSFGSIRQRALAEAE . PP|SRGGDIHVAYLDAYLDABIVWAMRO . - . . . . EEAHSDTSR
Consensus>70 Golons o5 sl 585 & 67 0 AT 5 8 K P GelB.s o8 al s oRa s wlli s s o5 i v w0 Fuw
all I34k p5

Quo1 Q0 000000 TT +

210, 220, * 230, * 240,
ouo1 IDTAQRVFLQN MERP|LTWSV. .YGDQYSLN.
N174 VDTEQRVFLKA LDNPPLKWKT YGDPYVINS
MH-K1 RVKQWDTLVDMGKMNMKN|.[VDSEIAQVTDWEMK .
GsCsnd6A RVDSLMKLLEKQGNTDMHPP|IRIST. . WEGDVFILPIR
CsnMY002 RVDVLRSIAKENNYNMNGPIHVRSNEYGNFVIK.
SACTE_5457 VDTAQRVFLRD LNDPPLDWQV .Y|GD|SFHIG.
Consensus>70 =+t c e gn. FL. oD wow aow vt w g O

2 EMEHE GH46 RIEFRIEMEERFT S B tpagh-25

Figure 2 Multiple alignment of amino acid sequences of GH46 family chitosanases with known
structures*” > OU01: Microbacterium sp.; N174: Streptomyces sp. N174; SACTE_5457: Streptomyces sp.
SirexAA-E; GsCsn46A: Gynuella sunshinyii; CsnMYO002: Bacillus subtilis MY002; MH-K1: Bacillus circulans.
The key catalytic residues are marked with black triangles.
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3.2.2 GHS8 RiEF=RBIEMER RSN
K VETF Bacillus sp. K17 05¢ R M Chok

J& T GHS Zjti, HAE pH 6.4 fil pH 3.7 U4 i
2T A AR AR T R RN A 0 TR =AY A
45 (PDB ID: 1V5D, 1V5C). 2 Fl A 423 ]

PRPES G 148, 2 A EfL AR B (Glul22 I
Glu309)/3 & Fi (K 3C. 3D), XFP&sM4RAE
U2 G 2T 4 2 T AR SR T 1) 45 A B
kb #55¢ B Chok 5 GH8 R 4T 4 & I CelA
(L5 KB, CelA Hh 5 ISP AH BLVE FH i) G B 5k

ik B —30, Wl 2 AEE M 6 1 o A
B, L6 A o BRBER MY 6 1 o BRTEA
R SRR 2854 o AE RV ARG F O , 4
A B AT FN AN o BB Y 4 B TG RI I 4 it

HETE Chok " IRSFAFTE , 4 DNRVEFREE Glul07,
Aspl79. Aspl183 Fll Glu309 A LAZ 5 R AYiR
S, T3k, RSB K PE AR 5 Trp235. Trpl66.
Phe413 Fil Tyr318 Al REFE CHEIEYI 45 G &

] S5 A N R T &, TR T R ol IR
A Tt @06 ¢ E Region I
N-domain f’p )
) M. Catalytic
Hinge— 202 70\ ‘33 . 7" pocket
regions ? IZ‘FG]u61 Catalytic

pocket

4 I
¥ "
>

Megion IV

Catalytic
pocket

Catalytic
pocket

3 SE4EES McChoA. Chok 1 CsxA @ {KZEH 44715

Figure 3 Crystal structures of chitosanases McChoA, Chok and CsxA”*?*. A: Crystal structure of McChoA.
The N-terminal domain, C-terminal domain and hinge regions are shown in cyan, light blue and wheat,
respectively; Glu41 and Glu61 shown as an orange pink sticks. B: Surface electrostatic potential of McChoA. C:
Crystal structure of Chok. The internal a-helix, external a-helix and B-strand are shown in cyan, light blue and
yellow, respectively, Glu122 and Glu309 shown as orange pink sticks. D: Surface electrostatic potential of
Chok. E: Crystal structure of CsxA. Domains I to V are displayed by wheat, green, light blue, yellow, and pink.
F: The interactions between CsxA with substrates. The residues in the CsxA/GlcN complex are shown as blue
sticks and the residues in the CsxA_E541A/(GlcN), complex are shown as white sticks. GIcN and (GlcN), are
presented in yellow and green sticks, respectively. The hydrogen bonds at the —1 and +1 subsites shown as
yellow and orange spaced line segments, respectively. For all electrostatic surface analysis graphs, the gradient
from red to blue indicates the change in potential from negative to positive.
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323 GH2 RixF=EWREEREKEN

GH2 Z KR 7 R CsxA HA SN,
RE NS MU 0 =1 348 it i A G 7 ) K A LA A
B LR AR, CsxA (1 A S5#  (PDB ID:
2VZOYEL T 1 A GEEEI (o/B)s MR BUAZ L 54
B(Region D)L K AN FEIY 4 A4 — BHYAHE B 4514 35
(region I, II. IV, V), TMi(a/P)gs FlbR 454445 o
A U IR 45 6 X (K 3E).

TE 55 VU [(GLeN), [ 345 S ry et B v, k75
T e RBERG CsxA 5K GleN R &Y 5
{RZEF)(PDB ID: 2VZS)., 45 i R, GleN
GEATE-1 P, 5 Asp203. Trp204. Glu394,
Asp469 . Glu541 FI Trp642 T JiiHH E.AF FF 9 2% (141
3F). Hidr, Glu394. Asp469. Glus41 HJREMLFI
IR AL I FDE AU, 3k SERR AN
PR T 8 N A A A LI AT ) 11 4%, it
TS IRMEG Csx A DX 1) 4 26 A AR 28 5 7 2 Ml 1 45
PSR,

TESE IR CsxA_E541A 5(GleN), E &Y
LERF(PDB ID: 2VZV), HTH8 A B
BEEATIIL, FOREERNZ55—1 Fi+1 7 AR
-1 P, BEIRFIER B Z A BAE S
CsxA/GIeN Z5 W G oAH R s FE+1 L8,
A8 JF B ER  N, 5 Glud3 1 B R R ELTE A
H, 065 Tyr516 AR FALEIE EE, J35h,
BB TR IEER 5 Trp781 Y| ERIE R sk /KA
HI(El 3F).

4 GH46 Kk 7 RAE 0 1E A
i |Ridl
4.1 GH46 RiExR RS KYIHEEE
FA R 7k SR AE

HR B b 7K f 15 ES W 0 AR B AE R ARRAE , AT
PUBF Ay g sh A FedE i sh A2 25, “igsh
AP KRR R 45 & A8l & & 5 &
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WEILRR, IS AR, Refili 505 iR AL
R 1 6% 7KV A B T PR B Ak 11 48 R ORI I 5
FERA AL R D, B 5 IR Z 0]k A R e A
HAEH, PR K T,

GH46 ZJ ¢ RWEREE Tk 2h 1 1
KR, TEMEAL D48 IE R & & 05 & ik Sk
B2, W LARENL ) &6 B UTRIA, BRY)
FTERE , Y — BT AL 4%, REE
g G-I E B i R . 7R 5T R ORI
BsCsnd6A 1, 7675 BH[(GLeN)6 | I K ff A7 AE“2+4”
“3+3 R4+ =R Y EIR K, A EIR K LR
IS MR BEML A A, KA = L3572 — b
SRR A I S B
OUO01_E25A/(GlecN)s 55 CsnMY002_E19A/(GleN),
B2 A A ZEH(PDB ID: 40LT. 7C6D)43 4]
s T 3+3 Fe4-+2 AP U1 EI B (K] 4A. 4B),
SR AR R B SR Z A ) A R O U
SEMER T, SEMSEA NS, s
SEA A S ER L SHEIE B TR AT 2% i) A )
2% o (HAF— PRI, LESTIRIERG IR YIE T 1 4%
L, AR EZ N IRPERIL(Glu A1 Asp), E
MIERAE TP IE 2 T AS 00 T B PRSI ¢ SR
L5 IE L8 R 22 101 1) B AT W 5 | B DA S Tl R
SIECAR Y 205 50, X T gEth S e R &
— MK RS RBE R AR 5P

REHGERMERGER S T U1, A 07K
R 7 B IS B LA K B AL TR RS2 . 491
W, 56 FOBE R ISP 2 B B A AR s
R TERESRFENHE . Fe MR ST DU A AR R
A R PSR W I A A A A, e
I8 2 T J3E R 8 2 Tk 32 VS 400 1) 7K £ 81 0 2 0 #r
T, 2 FURPITE KRS, P00 JERE ) ARy
XA SEE 18 0 b AR i 2 R S
WA R FR B T R S A%, B AR R S i BT
Bk 3 AEE WL 4 2wk T
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A % Ala202

Tyrl25

4 EBRIEWS(GIeN) (B ER

Figure 4 Interaction of chitosanase with (GIcN)g!

50,52

o 2.;‘,. 3\ / & . n_'«' y
Tyrl 18 = Ala44 % Tyr29

I, A: Interactions of chitosanase OUO1 with (GlcN)g. B:

Interactions of CsnMY002 with (GlcN)g. All residues are shown as white sticks, (GlcN)g are shown as green
sticks, red spheres represent water molecules, and yellow spaced lines are hydrogen bonds.

18T AN RIS B BB A AT, (A IR PEIETE
K i 3 B 7T ST FIAS [l OB B, X AT 20T
R AL ALK A e L R T e SR Tl o
AN R S B 1 0 A7 A 7K AR 30038 22 5 1 o3 1 B
YRR R

TESEPREY B B rh , RS BE IS (DP>6)
e R 2 G ah IR ZE R R, X
TR A AE T e T 58, R S RS 6 bl
W AT R ET AR, ik, 52N
V& A B A PR K 22 S d ok o3 A S B IR )
S 255 RS DA SR ™ W i 26 8 e 31
4.2 GH46 Rik=RHEEERY IR A #1H

TEFC R OUO1 MY IRMZE & N4sh, Tkt
Glu25. Tyr37. Asp43. Arg45. Thr58. Asp60.
His203. Tyr233 Fll Asp235 H##S 5 T -3—+43 fif
SRS, Hoh Tyr37. ArgdS. Thrss,
Asp60. His203 Fl Asp235 ERYIEE G b5 i)
BRAE , EATN R SR T A 2R 26 K R )
AL 3 BOAS R R B B T 58 AR PR T P 22 e R
B, #EEE Glu25. Asp43. Asp60 Fl His203 7E1i%
R AN = R B8 G o 7 vp 28 44 o A
FH, Mi%RFE Tyr37. Thr58, Tyr233. Asp235 Fil
TELEG NS Z AN Aspd0 £ T E B R
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PIR 25 A1 EIERR T HT R, 5T R
OUO01 Z 5 FEIRES G R EEAE GHA6 KK 7R
WG S AT (E 2), XEREZRIET
M5 A A A AR A — 3K

BT ARG R FIAR DG I AR IR 1 Ty Re o B, 7
XPSE AR OU0l M5 ho it TP iH iy
=ML IR AAALE AT IR 3 AKX
B, e, RKEEFIEEEICYIITE-1 F1-2 751X
BRI, A, Asp60 Fl His203 &5 591tk
PUN R FLMEER A AR5, fE+1. +2. +3
-3 o 1 DI Y 22 BE R 5k 2 (Tyr37 . Thr58 .
Tyr233. Asp235)YEM T 4ERFIRPIMRR E 45 6 s
B, LTI AR XA AR L Aspd40 X
R RN R AR AR Y, R, xR
Wi GsCsnd6A FUMFFTES R H:5 TIRYIE-1 Ml
=2 LIRS, MR, JEWE
Wi 'T DS A G5 T RG4S 5G] | 12
IR TR 2 Py E R Al RS A B
715 LR R K A S B

X e BN N174 (9458, 5/ BEXTFR
SEATESC RN OUOL AL A4S | IR 2
G EFF P4 11 4% B I HICIR S ) GRS 7
(& 5A. 5B). Hit5rHTiER, Thr29-Ala33 #i
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Ala108-Ser111 P ™EEHE X A G AR FBURY)
WAL TSP A ) B . 5558, N Sl C i
FAI AR 2 4 loop XA B EEIT AL (T st fb ik
JE(Glu25 F1 Aspd3) I 2 45 i 2 A8 ARtk
A, BAFVER Glul99-Asp205 XIS M4 251k,
Ao A1 075 & #5 E UIE F Y His203 il aE &
Az 180°HY BHL , T S5 IEWIE A HAE (& 5C).
IR ZK R 3T 7 ) S 5 e SRME I 1) 25 B ek

Hinge
regions

B 5 EYEEFSHEREIERTL

%, BN PTG P AL BRI Y S A
T 77 490 8RR O S B80T P B A 1 AR R T
B, AT HRRE AT G IHPOKR, BA5ER
i Ouo1 LUARZEZE Iy sOE b, 1E8A I
N R, SERWERE OUOL MRS T IFik-
PA-FFIC AR, S S TE e RO N174 rhii
HERPIZE & NARAFE SR AT OE S 2 Ak
B TR —E

Figure 5 Conformation change induced by substrate binding in chitosanase!*®. A: Open state of apo
chitosanase N174. B: Closed state of chitosanase OU0O1 complexed with (GlcN)s. C: Conformational changes of
chitosanase OUO1. The structures of N174 and OUO1 are shown as cyan and light blue, respectively, and the
hinge region of conformational change is shown as wheat. The residues of chitosanase N174 and OUOI are
shown as cyan and yellow sticks, respectively, with the arrows in panel C pointing to the direction of the

conformational transition.
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SRIM , S RMERE A 8 A IR YA S 4
AR RR AR, OIE Q0 ET ST iR, 5T OB
CsnMYO002 HA KRG W LLIERIS P i fk
8%, GETRYIR IR S B B 5 AR,
DKL, 76 SR HLAT ik 25 A (I 25 F1 4% 3L
Z TSR e R, IR 45 G R
YR A AT RE A TN

5 FURBEE A ELALE

B 5 7K A T 149 7K A BIL S AT A3 oy < AR R AL
(retaining type)Fl*/ 5 %1 (inverting type)® 1, S
W5k UK S i e AR AL S 24k,
{HIX 2 BV TIE FH A B R 3 Wi K i i
WEARIEE DI R N FR O, e RN &, oK
AT P REEE 2E (CAZy MR LA LB ST Y
SR, KA GH2. 3. 5. 7 FKIGMFCRIENG
DR B B AR PLE, T GHS8 46, 75 il
80 ZRIR ¢ IR WH T A S AL AL AL

50 RO it 04 Ak S TR T DR AR AR 45 4
KPR AL Z B A BE B HEI (R 2). EOR B AL
PEAEHLI ) 7e SR, T SRR /SR 2 5 A%k
I 2s A HE B 200 5—6 AP0 i e fig e )z % mu»
HEACAILEI A 5E SRR T SURRNT RSk AL
(] Y B B3 R, ROl 10 A A Ay, (HAEFE R
WERG O RIG R RS R E st T
F2 EHFTREUEERYELHHIFKRRRE

SRR ILNEE R | DA Ak ik i 5 1 [ B
FPE, FHEI A 22 L SE bR sk, FER /5T
%é*%%qjj‘j 14 A Z—EE[4O-42,50,52-53]O

51 “REEHLE

PR R HLEIELEE 2 A0 RN, Bl O
HEARERIEEAE 2 20 Ot R AR AVE R T SCIR A
IR EENRE(E 6A). TESF—E i, i
A FR I T JEAE R SCIR 1) B 5 v A S 4
AT AR BB B S, [, SEAZR
FITE o M B 573 Bk (Co) IR b a4k s 72
5 A RO, HEARER A R T SRS K
FE Bk A A P SR AL T, KA R S A
55 5 S PR A OB A Dy, e A AHE AR )
WS BRMIR AT 2 WIREE IR SIRPIY 53k
A G AR — 2O,

GH2 FIGH5e TG CsxA 13[4 B4 A HLi
IKFRIEHI, Asp469 Hil Glus41 3B g5 St
CsxA ) SURR/BRIERI SRR, E5C R
CsxA/GIeN (RS S rhAEIE 6.2 A, T Asp469
MRS S s AU IR 2.7 A,
Glus41 51 (A FEERAY C, SR FHIRE 2.9 A, AT,
Asp469 Fl Glus41 5 AH AR SRR 7
FWHLHIEI A, Asp469 BEMPHIF A5 T
PALTF, WENLE-1 LA GluS41 LIHF L faf )
FRIRETE I RYIHEAR Cy J5 (K 6B).

Table 2 The key residues and mechanism of different chitosanases

Family Chitosanase

Catalytic mechanism Catalytic residues Catalytic residue  Water-localized residues References

distance (A)

GH2 CsxA Retaining Glu541, Asp469
GHS Chok Inverting Glul22, Glu309
GH46 N174 Inverting Glu22, Asp40
SACTE 5457 Inverting Glu74, Asp92
MH-K1 Inverting Glu37, Asp55
ouo1 Inverting Glu25, Asp43
CsnMY002 Inverting Glul9, Asp35
GH80 McChoA Inverting Glul22, Glu61

6.2 - [55]
9.7 Asn319 [54]
12.0-13.8 Thr45 [40]
10.3 Thr97 [41]
10.9 Thr60 [42]
14.3 Thr48 [50]
14.6 Thr40 [52]
10.8 Thr73 [53]

The distances between catalytic residues are the determined values in the relevant reports.
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5.2 “REFEIHLEH

TE<SRE R B, itk Re o e —AT
SRAN—AN) AT (B 6C)o FEAK AR S K&
AR ) SCER [ BE R 1 U AR AR — AN BT A
PREWETT BT, T SRS K e, A
FE o B 57 Sk B A BB 1438 It s , 5 2874
(1 523kt B B AL G Ay o g 710N PR, AT
DA 3o A 0 LR R AR 22 7 Wi S i 1 o A4 7Y
S S B TE 7K A 2ok A8 v (4 BT o B AR IX 43 e R
Tl (4 A S g S AT

GH46 ZE 55 B MH it H %) S S AL 3% ik v i
PRSF(EL 2), TEFERBERE OUOL H435l R Asp4d3
1l Glu25., 5eEHBEfE OU01 E25A/(GIeN)s B 4

WIEERE B, Asp43 Fll Glu25(E25A)43 A F—1
157 o3 ] FADRET B AN , 2 A O A £ 5 R 11
F4% (Aspd3 il E25A)Z MG 143 A, Ko+
(WDB B Asp43 5 Thr48 3 [R5k & e 25
sk ik 3.6 A Kb A, AE S B OB
OUO01_D43A/(GIeN)s W& A 4549 (PDB ID:
4QWP)H, Glu25 5B i E R FHHIE 3.6 A
(K 6D). Al UL, Glu25 Fl Aspd3 %S [al i F 52
R RO R AL SOV Y & A GluS 1B T iR
RAEINRE, (R0E-1 F+1 {37 A5 22 [A] B A 1 o
24, T Asp43 VR )T SCBEER UK 4 — A i
T, BE e S Sk i SR A T, AR Y
I Ji o e A 1400

A C
Acid/Base (% Acid/Base | Acid/Base Catalytic acid Catalytic acid ;  Catalytic acid
o7 07, 0750 ; d ;
(HO ) '?"0 ’ < ° B %o C’O/C%O o %
Q o JOR q b i
OR N\ — Y u 9]
° . 64 . ° :
O\f’o Nucleophile O%lc/o Nucleophile 0\|C/O Nucleophile 0 {p OH
H, oA
O\S/o‘ HoL , CH, O8NS0 HOL CHs Og-OH  HOL, CH:

Acid/Base ¢
HO/ \O

Amd/BaS_e__O/g\O

0\?’6 Nucleophile

Asp469

6.2,.-'.

247

Glu541

6 SSEREEEG A fE kA I 1465055611

Figure 6 Retaining and inverting mechanisms in chitosanase

I |
Catalytic Thr Catalytic Tpr  Catalytic Tpr

base base base

[46:50.35.61] 'A: Retaining type catalytic mechanism.

B: The catalytic center of chitosanase CsxA. C: Inverting type catalytic mechanism. D: The catalytic center of
chitosanase OUO1. The key catalytic residues shown as orange pink sticks, the substrates shown as green sticks,
the key water molecules shown as red spheres, and the red spaced line segments indicate the distance of the

measured atoms.
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6 TREmMHEERIE

6.1 FIAZEREBRTAHNEHERSE
BIEENE

TR A B AR 5 R A AR 10, 4k
1M, B ISR Al Sl s A g, R
FOR FSC SR G W I AR BN IR TS, S 30T
FESEMEDIRENLEIAS 2 B BH . B HATm 1k, 8K
A A e SRR 27 X (R S L skt
G b7 AR KRR IR L . BRILZ AL, BR/KFRILIAR
FEAET R 2% T RAERE L TR RER |
NBAMO A 2EAE G S ) B, 55 F R K Rk R
A, TSR ME R 2 S S B TR 2
FA o BR TR B ST R ME R AL, XA Y
Fo TP AT 2 P T TORE R S X w5 A A
FZ—, TS SRR BRI BT C I 5 N
—FIRE S IR R RGBT W A RGEAR

KR TF Bacillus sp. MN [5¢ R BEF CSN )&
F GHS ZJi%, CSN K FAfFEIRMEN 1) R 5E
7 =W Z5H 50 BT R, SEIUREK T 2372
42 A7 B Z LAV B R G FR 45 G 76 16 1
s, TR 55 BT s CSN 7E—2 B+2 7 kb
PR AH AR, WIaT BERD 5T U254, A
T AEK ff =Py AL RS2 DU . th T K BRI 7E-2
F+2 {37 05 Z ANEA B 2S5 A L, BRIk, 752
o +2 AN Y 5 AT REAS 23l B R K BE KA
25 G FUKR . SEF X —IRmS, DFR N R iEd—2
Fl+2 L BT R R AT R A, L AR A
CSN_E59A #il CSN_W118A fEfg EFI5E A,
1M HIX 2 FhRARARATIIR O AF T X5 SR = 1Y
FEfkaR, ] LA Al PR 25 T

FEEWENG OUO1 Al CsnMY 002 7K 5% 75 b
#B 2> 7 A S RIS =R, T OUO01_E25A/
(GleN)g Fil CsnMY 002 E19A/(GleN)s & &1y dfk
SER A AR TR T 7 /A3 +37 Fll <427 () 1) I 5

I
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=, WA IEIB AR RIFE T oS HSs G0 B
22500 AN SE RERG 3 A5 A K EE
B HE3E TNz (A BH, BEPRFEZ AL S 25 B 252
FURHAG, “3+37 MK A AORs 55, <4+2”
) R 0K B KR 7, AR, e
R R E KR BT X — SR, BHoE A
PRAESEIBEBE CsnMY 002 A+3 37 st B I 0k 2 5%
FEHATRAE, REGRE TR CsnMY002_
G21K, HIKMELA Y FER/ e, AN
7CMH 29 7%, TAERS A B CsnMY 002 Fr 7K A
P, SRS SRR i . A, AT
DA S A8 R G2 1K il 4 4l i e — 2,

KIET Streptomyces sp. N174 )57 ZE Wil
SsCsn46 J& T GH46 Z 5, MR SsCsnd6 JIEY4S
A LSRR 4 MRS, R 1 T 2R
FCTUBERY SRS BIEFEAREIN , 2 R 5% k1) I
iy NI 2 Oty Er e MR (N A R ]
RO EE G BRI, 8T RA /MY 5T S
B gL XA R SR AR R BRI A AU Bt
FORE R R RS S AN, SRR TR N AR R
Gynuella sunshinyii W5¢ R WM GsCsnd6A , 7E3
hn+2 F+3 G55 AL Z R EE M EE A RS, 3R
15 T L Jo oK il 7¢ POBE - % 52 TOWE K fif fig
ok 553 Py 28 AR 1A

SN2 T IR IR TS R R A
YIRS ARG B8 T ST SRMH G IS T, A iF T g
DLl fS e B EOR 0 K T o IR K M il 4 7E SE W E
W SERENLIK f# (random hydrolysis) i F2 , L il
e TC TR SCEL T ] $ UK f# (controlled hydrolysis),
T 88 o 50 RO il 8 11 o 1R D) A SR g IRz Tk
fi#% (designed hydrolysis) il &7 Z M . A AR
th, DAZE AR Ry A Y 98 A8 BT 3 S T FUR M 7E
TGRS 256 SO R4S G B 1 , DA T
KB T HBUE A H B AN RIS, X T RE
i BRI B R A B R SR AR AT, TS



7R FEREBGEOSHRNARERE

HHES I ERAL, R, ZEARAS AT Bl 2 o
(1) 3¢ SRR B 2 AR RATI SR 5 B2 — 0 AT
6.2 IEEEEBEMIAREEFELEN

$it e oc SR WE I ) PRASE A R T B ) £
7C 50 R AL N o A SRR 2F R R A
(Bacillus sp.) TS 7R B CsnTS 5L
(Clostridium thermocellum)™ IR /K i B EF T
FPAN LT, 5 T e RS SR PEAR C Y 15 A4
22518, W LR AN AR S =R, AR
S265G. S276A Fl S347G &P HY B fyPFa E
M, FEHIRI R, 3 o AR IR iy 2 100 20 5l
9 34.57. 36.79 1 7.20 min, B 2E T SO
CsnTS HREFEWIN 532 min!®™, 7E55 R
EAG1 H, B ERIEXGIA R, RAEK
A207C/L286C M#EREPE I E 5 iy, PURIE S0 3R
B, £ 50 °C% M NN 50 min, 7878 {K
A207C/L286C 115k F BTG PER+F T 67%, i #FA=
UG AR B 5% MG 5 o5 4h, TEAH TR E 254
T, 75k A207C/L286C HIEFERA N 69.3 min,
5 AR B L 105 min ™, WE R, 18
TR WA CsnA 1) C il & oK AL & W25 AR
(carbohydrate-binding modules, CBM)J5 , fill 5
1 CsnA-CBMS ) Tso Fl T 53 35 T 8.9 °CHll
2.9 °Cc",

0 TROM T 1) A A 08 R R e L M
T AR R N T B R U A R 2R AT TR
(Bacillus subtilis){)5¢ KA BsCsnd6A I,
W55 A A% BsCsnd6A Fify B ILR IR I 15
B o RE AT A, O Ok R AT — A% 3k gk L
Prol121, XfH AT MRAEE R T P12IN,
P121C Ml P121V =FhgeAnik, SEFAERIML,
ZEAR RS B AT A ) L TG F1 43 B T 1.69
1.97 #1 2.15 f%, Hd, PI2IN fHGE & M 55
A= TS SRR AF 2, 3 A el e SR G 1Y) B 1
SRR T e
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RS IRME MG Y 5 F R T AR B 245 3
TP RN B SR AL, SR, T o R
WA B0 SR 2R SR , WO 5 e SR I X AT ST TE AT %
FE—ERE Bk Ik, QRS AN R
B AL LB RV E RIBLHR AR 3 6 2209, RERS
7o R MH A S AR S 2 A BRI ARE

7 RAEGEZE

FURT, X5 RpEmEES T . ShRERK LAY
MR B 1T —E RYSERN , ) FH 5 ¢ SROBE Mt ] 2
FCSEE R T FE A AN BT A RN 5835 . AR,
SEBLTC TR Tl BB ) 25 AT SR T I BELAS . —
JrTan, KIRTERMER I A =) H LUMIRRIE Y
TS T, MELLRATE R RS e SR, B
SR I K A PR e R R nT AT A 3K
{H 58 SR il 53 708 A AR M LA 3K 3] 1l T il g 22
Ko F3—TJr M, SEETEFEREI A A B, R
SR TR AL T AN R 2H 20 B SE SRR 0 B MEEHOR
I, AT SN R o B s T

SRR, T R T SN = R B A B
ZAh, BRI PO | RE RR R G
SERE R e R IGR (HAFAREENT T 00 )7 0] 2 — . Bl
HEVFE R0 CEA R, M TR BEE R
ARG 5T ARG HEA T BT, 8 K iy e T
SEANPEAG 73 B D e SROBH I 5 A8 M by st et b
MR SRS, KA B T AT B 7E Rl . 52
SR — R Z IIRERIIR L1, BA T 2 BN
FH S, B B & Fe SRR A HB R,
A il 26 5E FEME AU A AU R | ORI A LAl
PEFETERELEAN ] “Tolb 45T 13 ]
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