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F Solarbio( L 5T .
1.2 IEHE

DR R AW AT RME 1% . pH 5.5~
6.0; B ¥ : KH,PO, 0.2% \WERE#Y 0.2%6 . JE K MgSO,
0.1% NaCl 1% .(NH,),SO, 1%,

2) WM e WA AR AL o AU s I AR AT OV T
1% .pH 5.5~6.0; B ¥ : KH,PO, 0.22% . Na,HPO,
0.1%. KCl 0.15%. MgSO,7H,0 0.15% . CaCl,
0.02% NH,C1 0.5% FERHR K3 0.3 % 6

WG IR . FEWAR K e b 77 0 BE il E R
2% Bihg -

4) IR K R R AE . FEMAR R e R 3 5L n St T
AN kM2 0.8%6 2 H10.8 %0 AT 10 mL B 20 mL.
1.3 BB SBFIE

PRI A HEAE 10 g, 1190 mL Jo i A BEER UK,
FEEERIFW . W R 5 mL & 50 mL &
FRIH HEFE 2 d. B ARRGHET 107 ~ 107 TRE EERR R
43 B 3 AN 4 S0 HE AR B 0.1 mL 4] i s F7 451
B, Wi 5 3~5d. MEIE B A E W™ A 0 5l &
B EHAR (D) LR EAR (d) RN 8 D/ d A -
A4 77 Az 37 W P ) AR R AT AR R R B IR AR IR
50 mL AR K B RE 77 3 0 — ff b, 180 r/min 37 °C
Rige3d, BURBEWAE 4 “CF 10 000 r/min & .L» 10
min, Y L1, F DNS 300 52 - 375 9 H 5¢ 28 B
(935 7, 4 5¢ SR RS 77 38 e (R TR R DR AF T4 0 &
1.4 BEEEZEBHEETNT &

BRI G 1) [ P b 32 38, im A 10 mL KB
EFRM .20 mL 126 B A5 A 3 mL WA K
37 CHigf 4 do WUE IR E AR, inA 120 mL 0.2
mol./L Tt 1R 2% th ik (pH 5.6) , By #E , 4 “CAR 3 3t
2 ho KZ)AL AR, VB T 4 °CF 10 000 r/min £
0 10 min, AR B2 , 4 “CUKAR N IRAF
1.5 BHESEMSFEVENET

PR MR UL 25 PR AR 1) TR 7 TR 28 B8 55 . SR F A
PRI A, FLIR A A TR AR W G g €8 15 min il Fr
B NS HEAT WD S . IR AR T AEY)
TR L) B A B2 /64T 18S rDNA FPHI I,
456 NCBUSE S RE LB W, AT RS E .
16 ZEREBINEEARSENNE

HRAE kR A A 05, VORI P U 8 4
B, 4 °CF 10 000 r/min 0> 10 min, B _EJ2 1 W
0.15 mL, A % 0.45 mL 1% B AR5E 85 &2 0.4 mL
Tt 2 2% v (pH 5.6) i ik A8 v (/8 B2 17 50 “CoK

PR3 20 min) , & 147, 50 “C/K ¥ 30 min, JilA 0.75
mL ) DNS 2 (| Jz b7, #6 7K 38 5 min (4. FHK/KE
HZ 2,12 000 r/min £5.0> 10 min, B F 1% 1 mL,
BRI, 0 52 540 nm R ODfH ., A%
B I AR AE 2 (0 BE . AR i 2 2 2 B R Rk
FrvfE i 2, VT3 HE I JEUME 1) 2, 4900 SR G 1% e
1 (BEETE)

il 15 F7 BT 52 S AE R SAE R B T B
B o= A2 1 pmoll I8 J5ORE (A2 5L AT 50 B
T DR 1A RS ) B (U)o A S 702 DA
Ivi) ZH 36 114 e v Tl 1 R 100 94, HLA S 7 5 fe s
BTG ST LA TR A S ) 2t — B A B Y
it 1% 77 5 JELA A G 7 0 L AL

4 18 Brad-ford 3 , LAAF LT 718 F1E R e 2
PR S, DU B T i
1.7 FREEBHNECLZBEIZHEREZLIMN
ERZREIE T

B T TORURI AR K | BRI R, 40 ) SR A [R] sk
U2 106 ISR 72 TR+ 106 M A0 L1 %6 IS AR 7 TR M+
196 HEWE 120 ISR E R+ 1% JE 8 1% IR R
Wi LY B R SE RME 10 IR LT G 1% Mok LT
Jo 196 R A 120 TERE L1 Y0 SE R, 5 SR IR A i
KR B RS

FE S FERR IR T 43 90 VS A ) 5T 4 19 S [ 208
(NH,CI.(NH,),SO, . NaNO, . & [ M4 W) , A
[f] B 3] B 6 B AR (14:2.12:4.10:6.8:8.6: 10,
4:12.2:14) AR 4 Fh i 1 W IR R R (1,23 .4
5mL) , % FOARN[R] A BEmT H] (3.4.5.6.7 d) , & AN [F]
LA pHAE (3.0.4.0.5.0.6.0.7.0.8.0) , AR (27,
32,3742 .47 °C) , 43 I 5% 45 P 28 X6 B ik 7= e R Ml
il 1% 7 B2, AR E & I R RS TR
W R O i S v AT K N R Y N [T 54
pH, BT =2 =K Lo (3°) IE AR
1.8 TERWEMmMLL

W i TR T2 8 1) REL T 2 02 B 1 o A T 8 1) it
B AR AS , 15 51 80 6 FUARURIEE , VKKV 30 min, 4 °C
10 000 r/min & > 10 min, W& TTES . H 0.2
mol/L .pH 5.6 i) HAc-NaAc 2% i 4 it , B Hr i 7%
%3 Q SFF & 28 # 4, & 1 20 mmol/L pH 7.2
TR A 27 WV Ve ., VAU R VL, 100 i o
1.9 SDS-PAGE ik . Bgig 0 & ¥ Uik 3 47

K 12% 43 B S AN 5% 1Y e 4 i 2 47 SDS-
PAGE L3k , % Sl 72 i G250 Y (5% H Ar 8 (A
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W, I {8 FH & 11 % Marked 351 £ (Solarbio, 1 E b
T TR RMERG 7 T . BRESHT S IR S
B2 2 WS AE L bk 43 B I oI A 100 mg/L
O PEST R AT B AT o 4 0 2 IR A 2R 4
KT R WRER , 7¢ S BERGIE PEAT s R i (s

T SDS-PAGE Jii 2% FH L I8 25 -PU 92 4T - &
A7 k8] 53 B¢ B 1% (EST-Q-TOF2) % 5 48 1 i Ik B %
%17 5 3 Peptide sequencing {4 40Hr 15 51 3 4~ ik B
FE 1, K KB 512 NCBLEE P gk AT EE X447 o
1.10 SEBEHEES AtChito40 BIESE Al E

X H 4R -2 R #h (pH 3.0~6.0) | NaH,PO,-
Na,HPO,(pH 6.0~7.5) . Tris-HCI(pH 7.5~9.0) . H&
iR -2 A AL A (pH 9.0~10.0) 28 g4 £ (50 mmol/1.)
VAR IS N6 0 ol V3 > R, T e SROBE B T
L SRR BTG 1 B KB N 1006, B 5 fie i U pHL
2 4Tl (1Y) pH RG e P, o 7¢ MG AE pH 3.0~10.0 &b
B 30 min, FEFRE ST I E A BN ) . AE SRS
pH T, AR (30~90 °C) il 5E BT 11, AR KFEH
W it 1% 1 E A 10026, 43 51 153045 I BE TR (0 #H X il
T o BT IR R E TR R EE (30~90 C) K it
PRI 30 min, BA VKA R H 30 min, % Bk 7k
T f 1 U AR I pH 2% T I 5 ARG /17
1.11  EEEHEES AtChito40 7k iR 7 BEAEIR TG

FCRWER 5 100 BARSE RIELE 50 ‘CT i+, 8 h
HEAT 7K A 52 I, AN (] B ] 5 HCRE | 209 20 min J& K
7%, 12 000 r/min & 0> 10 min, B |2 W, £ 0.22
pm JERET U8 . SR A2 R (TLC) Fre R
BRI B R e 0 R IEFIEC 7 O I T B : vk
i 7K 18 K=10: 5: 5: TURBLL) , i I L 77 R i
i I =1: 9(&R ),
1.12 RGBS S

AR T A R 2 A I 3 U, O YE SR
JH Excel 2016 8 #E 47 %45 40 3, FH Origin 2018 4%
P TR

2 HRE5HH

21 FEREEBERIGE

A B A SR M AR e R A A o — B U
i 32 R0 1 7 7 SR AR ) R PR, ) 00 o2 T e D
TRV B4 BLAR , TESR P B4 LU AL, 0 A0 40 5 TR PR i
JIRAN IESRILFR 1, AT WLEE R M3b Ui ok, H.
7 oC R BRI EE 1 BGR , MR 1188 11.60 U/mL,
PERERRAE o P, EHOE PR M3b #EAT R SRS

Rl FEREEBEREEYIERLED
Table 1 Biodegradation of the

chitosanase-producing strains

N gy W1/
. BB EAR/cm EYE HAR/em Wi s
7S . . (U/mL)
. Diameter of Colony D/d
Strain . . Enzyme
transparent ring diameter .
activity
M3b 4.2 2.8 1.5 8.32+0.13
HZAU.11 3.9 2.9 1.3 5.280.05
X3 1.9 1.4 1.4 6.34+0.07
B3b 4.5 3.4 1.3 6.540.06
M7a 3.6 3.0 1.2 5.90+0.06
D2a 3.5 2.5 1.4 7.020.09

2.2 BHRM3bHIEE

BRIk M3b B 7% T 25 R B Pl /N an P 1A R
A UL DA I& S5 R B A , P BRI 0 S
(o, M 1B IM BT B Ss Sn A R TSk Bk
W, TR ZA IR, T 2R ERRE , ™
FLLE A LS AR R A, S A R, 2o
BRIEFNOR B o A 502 5 R FLAR Ay o R A 0 % 1k
TR, PRI B AR M3b IE Sy T 25 o

B

B 1 M3b &R B S HHE (A FF &1
MEEE (100 XD (B)
Fig. 1 The colony characteristics(A) and oil immersion
lens picture of spore structure (100 X) of M3b(B)

PR PR M3b I )5 25 SR B 7R 18S rDNA JF 81K oy
1 298 bp, 3 i GenBank ¥4 4 (149 77 51 LL X, 44 2 5
Gk H ALK (K1 2) o FHRLE LRSS R Bon , Bk
M3b 5 85 (Aspergillus tamarii) W [R5 & R T,
AR 5= (99 %6) o PRI, A 7 TR bR MISb S iR it 25
2.3 EEMHRML

P P 3T SR A5 00 S A% 7 SR OHRE AR ) 2 AR TR 11
Tk M3b 7 50 SROBE i 1% ) e o 10.3 U/mL, HRk
JETIMAERSEIBE (9.29 U/mL) M7 FB A b
(9.30 U/mL) | JE AR 7 BB AFE R (9.32 U/mL) , 1M
ASINGENS A AIHE JREME I, TR R M3b 7 B ) BRA

N 3B FR , I (NH,) SO, R AR, T
M3b JIr 7= B ) e, oA 11.99 U/mL. HABK G h
NH,CI1(10.77 U/mL) NaNO4(7.97 U/mL) .
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9] Aspergillus oryzae RIB40XR_002735719.1
9 Aspergillus sojae strain JPDATKF175513.1
93 Aspergillus flavus strain PSFW 1RH-4HQ393872.1
91 Aspergillus tamarii AF516140.1
87 93 Mob .
L Aspergillus tamarii strain ZJUTZQO013KJ470706.1
77 97,7Aspergillus tamariiisolate P.tri.Iso8 JF824685.1
L Aspergillus flavus strain UPSC1768AF548060.1
Aspergillus oryzae strain SEMCC-3.248 HM064501.1
Aspergillus nomius strain H5JF416646.1
0.01
E2 EHTFISSIDNAFJIMRSL L Tkt
Fig. 2 Phylogenetic tree based on 18S rDNA sequences of selected strains
b :\ I 3\ >
= = A £ 14 B Ele C
£ 12 SE fzle
= ¢ 10 = 3 10 = 212
A R g Rz 10
= = & g ® S 6
235 4 =3 4 = 4
g2 2 % 2 2 % s 2
w = = K= 0
e 02345 67 809710 H[ﬂUOG S O w o oy W Y IESSTI Y
'Ui - % =~ %Q P " ~ Q’ ~N e © W o
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5y Y& Ry %
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— . I . .
5. D T > 00 [ EZ 2 I
E 16 £z 52 20
S = {421 2= 16 4\:?—\5’ s
= o ~ < o o
Rl Re 12 ye 2
Wz g 2z g g5 10
4 % : . £ s
% £ 2 1'5?% = @é E o
S = = y2 9
o I 2 3 4 5 o O8—%—5 6 7 8 - 27 32 37 42 47
LA /mlL A UGpH Initial pH (TR

Inoculation amount

Temperatlure

AP LRSS R 2 My AR S M, 3 AR LT BT, 4 AR LT 5, 5 A S M e SR -+ R il L 6 S IR A7 SR -+ TR, 7 e fA 52
BME AT TERY , S A A, O M ERE , 10 AT TEN o In Fig. A, 1: Colloidal chitosan ; 2 : Powder chitosan; 3 : Colloidal chitin ;
4 : Powder chitin; 5:Colloidal chitosan glucose; 6:Sucrose; 7:Colloidal chitosan soluble starch; 8:Glucose; 9 :Sucrose; 10:Soluble starch.

3 BEA) RIEB) FHEEHREL (O BEMED) IR pH(E) . R EBHR E (F) X8 it M3b 7= 7 RIEEEH 210

Fig.3 Effect of carbon sources (A),nitrogen sources (B),bran soybean meal ratio(C) ,inoculation amount (D),
pH (E),and temperature (F) on chitosanase production by Aspergillus tamarii M3b

TE S AR AR SR () S5 L, eROE Ak e GO Y TR
Fo, 5 R 4N &l 3C i, &k B 5 SR BT i LR 61 10,
DAIE M3b 7 i 7 e 13.56 U/mlL.

FEAN AN [R) 2 1) VA e T R 3% % R, 4 SR an &
3D IR, YRR AR K T W Y 1 3 mL B, TR T
PR M3b 7 7 SR MBS ) e, 24 13.68 U/mlLs

& 3E 7] 0L, Y 85 3R 5L 000 i pH b 7.0 B, T8
it & M3b JIr 7™ B 3% 1 e A 17.48 U/mL. Yk
B3R 5L B R WA pH 1E 6.0~8.0 1), 18 ith % M3b 52 pH
SEMA AN K, B PR AP AE L 1 77 7 SRME B KCF- , 430 3k 2]
B (B 92.3% 1 76.9% o 4R 77 3 B A1 1R
pH A& T 3.0 i, % Hh 25 M3b JIF 7= 7 S A g A 715 77 1
R B A, — M TR TR PR B i A AR K pH B 7E 5.0~
8.0, A, LhpH 7.0 My fefEwIth pH.

s 3F Fros , Y R WERE SR Ry 32 °CH, TR PR
M3b JIT 7™ 76 R 65 1) il 7% ) f5e e ok 19.88 U/mL, /&
W) HE A R B R R Y 215.2% 0 YR Ky 27 “CAN
37 “CHY, TRARAT CRRE = 7 B RE 1, 43 3R e s (L
[189.5% F187.9%% , IR = T~ 47 “CI, TRtk M3b
fitg U d R . R — Y I AR AR R R s L
oAk 2 B Ry o S5 L 20 v 460 B 2 T R %) T s T
Do BT A WAL Y A G 4y,
AN IR, R AT IR

[P A 2 g i) X 7 85 M3 7= 77 SR 0 il 11 52
UL 4, AT DL B T 315 6 R, B Ak M3b ™ il %
T8 16.0 U/mL. & IS 1R AR RS 75 2 b ik
AR AR A B 2 KT AER S (i 22,56 3
K AR O T, 55 6.7 K, B ARIT Ih S HAE
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—a— 7 BNHGIG /7 Chitosanase activity
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T2 1 52
ch B
== N =
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Fig. 4 Effect of fermentation time on chitosanase
production by Aspergillus tamarii M3b

1E A 6 25 R R 3, & T 1R 6 - i % 7 19 5%
e fe K, R R R B R AR pH. L4l & K I
MRE 32 ‘C R Ih pH 7.0 K BERTE] 6 d, e 2518 T 47
KW, PR 1355 20.56 U/mL, 1A R & R
FH221.3%
2.4 FHER¥EEE AtChitod0 BILE1L

[o A 2 T 35 77 ik 26 0% b IR 4 ML VA, 28
P4 TIE \QSFF B B 73 )2 b alifb 5 15 2 f bk o
—i o 5 WoREEHE A B 1 AR, UL IZ R
PR S RS A 1Rl XN B4R
40 ku, it SDS-PAGE HL Pk E FBEE 707, & B i%
70 SEOME 5 B HL Uk R4l IFK B w44 0 AtChi
t040,

A g R (3 2) WoR 1% 50 FORH B [
R 27.5% , AiARAEECH 10.7 15
2.5 HER¥EEEAChitod0 Rk LE

TE NCBL A 2 H 3 A4~ ik B 43 ) & A7 76 [l R
1009 By 5E R BEBEIKE: . kBt MDVDCDG 5 As-
pergillus nidulans FGSC A4 (gi 259480859) | Asper-
gillus niger (gi 966763517) J& Penicillium digitatum

ku

170
130

100
70
55

40

35

25

15
M 1 2 3 4

M: 170 Marker; 1 [ 145 BEAR RS 5 2. BRARBEUTHE 5 3: LU 5
4,50 BB S . M ;170 Marker; 1:Solid fermentation crude en-
zyme solution; 2: Ammonium sulfate precipitation; 3:Purified AtChi-

1040; 4: Enzymogram of chitosanase.

E5 BEHE M EkF R R B R
SDS-PAGE H ik B
Fig.5 SDS-PAGE electrophoresis of chitosanase
purified from Aspergillus tamarii M3b strain

Pd1(gi 953382223 ) 7¢ S MH XS 7 1) 28 KL PR e B Jik B
J¥ 80 R IR 100260 1Tk B EVTGEASWLMAR
5 Aspergillus nidulans FGSC A4(gi 259480859) \As-
pergillus fumigatus Af293(gi 146223521) LA & Micro-
cystis aeruginosa(gi 754187083 ) AU (1) 7 S kg JIk Bt
FF AR 2 10006, kB EVTGEASWLMAR
5 Penicillium oxalicum 114-2(gi 146323521) ,Asper-
gillus nidulans FGSC A4 (gi 259480859) I Aspergil-
lus fumigatus Af293(gi 146323521 ) 45 3 Vi 1) 7' 5 Ak
il 28 TR B B IR B P 7 [ I P 3K 1000400 S5 LA B
Y 24k ok B A AE SR a] DR BZ AR B o 58 SR .
EASTE R, BTk W i H A AR 2 R BT s 122
5 H Al B BT A e Y [ O A AR, R B
AtChito40 AT REB T o
2.6 pH iR E X 5T 5 1EE AtChitod0 iF MEFERE
TR0

P Bk M3 7 7 SO Tt 1 frilh T B2 45 2R UL T 6A
Heid i B 60 °C (HI%EEFE 60 “CPHR IR 30 min, Tl Al

F2 BHMEMDbEREBHAULER
Table 2 Purification of chitosanase from Aspergillus tamarii M3b
alfl b IR SRS /U HEAE R/ mg VLl /(U/mg) apifl gL Ll &%

Purification step Total activity Protein Specific activity Purification fold Recovery
ML Crude culture 1 868.60 988.01 1.89 1.00 100
ﬁﬁ@ﬁ%mﬁ s 1297.10 541.20 2.40 1.24 69.42
Ammonium sulfate precipitation

-SFF BEF 2 ekl

Q Ak 513.80 25.33 20.30 10.70 27.50

Q-Sepharose fast flow
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60 A 50% e A PR AR 22 . Xl
7E 50 ‘CUATF BAT R RS P, IR B 17 98 %%
PL b, 78 55 CA& 4 T A4 1R 30 min, 4754 66.3% 1 i
67
IR 6B Fif 715, B bk M3b 7= 72 SO0 il 1) 55 pH
—e— SR I Opt;?nal temperature

—e— i L FG A P Temperature stability
100F

%
F

AH X G/ %
Relative activity
=N
7

IS
?

)
F

[

30 40 50 60 70 80 90
W EE/C Temperature

H 5.5, M pHAE 5.5~6.0 B, 55 FME B 5 5 1 ity
157, pHTE 4.0~6.0 B P, PrAF 70 %6 OB 7,
FE 6.0~7.5 M [l A, £ 457 50 %6 R BRI ), TR M3b
50 FOME B AE 3L 1) pH Y Bl (3.0~9.0) R 47 A8 XF

FATE o
B

—s— fiiipH Optimal pH
—o— pHAZE I pH stability
100

80F

60k

SN

0-
3 456 7 8 9 10 11
pH

AT WG %
Relative activity

E6 AREREAIpHB) X ERBHEEE AtChitod0 i /1 FFETE MR BN
Fig.6 Effect of temperature (A) and pH (B) on activity and stability of AtChito40

2.7 HEEEHEES AtChito40 7K iR 41 B 7= 4

VI AR 72 MM Y, g T 56 RBE A AtChi-
1040 WK i 7= ) B retE . aniE 7 TR, o RO IR
FC RME R AE B LA (GIeN) 5. (GIeN) 5, (GleN) o8
TP GINE R R A Y, o Pl
300~1 200 ™, FERT 2 hK W1 4G B B |, T 7 5%
WESLR ARG R T 3RS, 2 h 5 (GleN) , (1
BN, R B R A AR, 3 B 5T R
AtChitod0 A £ [ (GIeN ),

GleN @
(GleN), @ i
GleN), B 8 A - . .
(©GleN), i . O ‘ .

T

»* ‘ - * & - -
Std 025h 05h 1h 2h 4h 8h

B7 BHEMDbFETREBKBRETEREE
F=HIRI TLC 43 47
Fig.7 TLC analysis of hydrolysis products
from colloidal chitosan hydrolyzed by chitosanase
production by Aspergillus tamarii M3b

3 3 #
S0 IRME B 2 30 Ry S I i 5T SRE B i , ) FH il
T W At 7 SR I AP 5% 38 Ak 7 S 96 == 9F 9 o B, (LD
B T A A 7 g 7 o RO Il TR AR 17 e = 2 o)
LIS SRR AR P B . AR B T 0 2 ) 1
R = 50 SR 06 7 48 v 1) TR B BT RE M3, DA BRI
F 25 FnT UL, TR B TR PR M3b e SRBE Al 1 7 AR
T BAC WS T 9T FURBy AR 7 BB X T Ak M3b = e
Tt 119175 S AR PR T e 1 7 RO 5 76 LA 52 SR W Sy e
VR I BE Ay 1 38 in 2> 0 2 28 W LG T LA 7 R
WE— B, W] i 5 4 2 BRI T TR PR M3 19 2E R AR
A K FEHUT B A — 2 Wi 68 1 5 U8 e
¥y AR R, T bR M3b A RS R . X5
70 A A I g A 4 SR — S, R A A IR Y 2
R 5T o e e A= AR 4 %) BHL 18 Fn 2 157 BEL
i, E R 2B LR o RBE G Y G SR R B TR
S TR A & BUTE h A M3b R JGHL R A HLA
5 TR T 7 i, P B R B N S AR AR . R A
KT, 0o R SR ER B Sy A B 37 3 DR
BE, — Iy TR IR, vl DR E F2 6 IR B 1R
SO BEAR A 77 AR ; o5 — 5 T, 4 T AR M3b
FESE R BRI BE 1, Bk Bz T ARG o 44 e FE i I ) R
Fivafs S, 3805 S A0 4 ik, 12 e 1 4R 35 55 7 A1)
R R TR AR BE AR AR I, S = A Bt
oz i 25 VR R e R R R, Y



55 5 1] kA 55

188 ph A M3 77 SROBA 1A 11 1 1 T 20 A B il P Tt

221

FERN R RAR, TR BEAIC, AR G218, il I A1 4
R, 1 AR AR R T K R L K
1o 3 SRR S HE AR Yol [ A ot N A R
TRAE 3, S BCA AR TR AR . — B ERE
BRI 5 /K EEAE 3026~T7000
AW 57 A B R 2R g0 Ak b X A 2 1 1Y) IR
FE ) GRS pH #E1T TR, 45 R BRI &
Jg kW E 32 °C R I pH 7.0 B BERT I 6 d L 76
Z50F T M3b ¢ R K P 15 51 20.56 U/ml .
X 5 R R Kl e o OB B RE Y th &5 (8.26
U/mL)"™ K% WMk T. harzianwm (1.40 U/mL) |
T. koningii(1.20 U/mL) . T. viride(1.02 U/mL) #1 T.
olyporum(0.61 U/mL)" A [t , 2 1 38 i 2 M3b [#
R R e 7 e SRR TG 7 9 e HLELAT D3
AN TR B RR 77 e SR Tt 174 i 38 Uk AN ] o AR5
R AR M3b 77 5 SRBH I Y B G WL 60 °Co — ik
Ul , ELTH 78 SR A i I 75 50~55 °C, Fusarium
solani FziG IR B R 40 °C, Penicilliumi slandicum Fi&
L BE R 45 °C, Aspergillus oryzae TAM2660 fi 18 i &

950 CHO L AR S R R 4 e RIS 4
1M, 8 A e SROMR e R X T R At R 7 RO il B

B A 77 o BBk M3b 7 5 5O g 1Y A il pH o
5.5, 1% 5 Z AR E A FCER BB G A lh & QD21
PRSI BEEEAE pH 5.6 IS R m i — 3. R
B MF-08 i i pH 5.2, {2 pH 7£ 4.0~6.0 7 4 X} £
EL Aspergillus sp. CI22-326 7715 1) 5¢ SOWH B 4 %
ﬁﬂ40ﬁﬁﬂ&ﬂ5%&@Wﬁ%%*m —
PR DL, L P A A A 1 RS 3 LN i TR ot R

ﬁ%ﬁ%?ﬁf%ﬂ%ﬁ%&%&@%%ﬁﬁi

SE , TEZ 0 R B 7 3 R el G EL 4 0 e ) Tl Ak &
BEOL . 5¢ BB AtChitod0 7K fif5¢ B0 ¢ J5 15 )
PRI R G BE =2, /N IR ) e TR . X 52
ZEFAT T TKUOAT 77 55 JROH B 4 7K gt 7™ 40 16 S
WAL= A B A B R T 2 (5 SE MRV A L 4
B (GleN) Y45 3R —3, R W] 7¢ R WERE AtChitod0 & —
Tt DT , R 5T T A0 b o e 77 SRR

2% 3k References
[1] PANG Y, YANG J,CHEN X, et al. An antifungal chitosanase

from Bacillus subtilis Sh21[J]. Molecules,2021,26(7) :1-14.
KANG B R,SONG Y S,JUNG W J.Differential expression of

bio-active metabolites produced by chitosan polymers-based Ba-

[2]

cillus amyloliquefaciens fermentation[J/OL ].Carbohydrate poly-
mers, 2021, 260:117799[ 2022-04-07 . https: //doi.org/10.1016/

(3]

[4]

[5]

(61

[7]

[8]

(91

[10]

[11]

[12]

[13]

j.carbpol.2021.117799.

GUO N, SUN J N, WANG W, et al. Cloning, expression and
characterization of a novel chitosanase from Streptomyces al-
bolongus ATCC 27414[J].Food chemistry, 2019, 286:696-702.
TR T Ei , 2 Eg, 2 R SR RO 7T 0L M8 T e B
it 1T A R 1 2 AR L. v T 2441, 2020, 20(4) < 160-
169.ZHANG X Y, YUE X J,L1Z Z, et al.Isolation and identifi-
cation of Purpureocillium lilacinum and optimization of its solid
fermentation conditions for producing chitosanase [J]. Journal of
Chinese institute of food science and technology, 2020, 20 (4) :
160-169(in Chinese with English abstract).

ZEAEDY , LA A TR ELE MF-08 7 e AR R S 45 1
Sk B A [T Wb R, 2016, 55(7) - 1778-178 1.1
JY,WANG H M, ZU G R.Study on the inducing conditions and
enzyme characteristics of a strain marine fungal MF-08 producing
chitosanase [ J]. Hubei agricultural sciences, 2016, 55(7) : 1778-
1781(in Chinese with English abstract).

R, AN R, G5 . — bR HAVEE R TR TR A 7 2 Al
MEEA AR S LT]. B R A R 20, 2018, 36(2) - 42-51.
CAOY Q,YU ZJ,CHEN C, et al.Isolation, purification and en-
zyme characteristics of lactase produced by a Streptococcus ther-
mophiles strain[J].Journal of food science and technology, 2018,
36(2):42-51(in Chinese with English abstract).

FU X,GUO Y X,JIN Y G, et al. Bioconversion of chitin waste
using a cold-adapted chitinase to produce chitin oligosaccharides
[J/JOL]. LWT, 2020, 133: 109863 [ 2022-04-07]. https://doi.
org/10.1016/.1wt.2020.109863.

JIANG Z Q,MA-S A, GUAN LY, et al.Biochemical character-
ization of a novel bifunctional chitosanase from Paenibacillus
barengoltzii for chitooligosaccharide production [J/OL]. World
journal of microbiology and biotechnology, 2021, 37 (5) : 1-13
[2022-04-07 ].https: //doi.org/10.1007/s11274-021-03051-0 83.
DOAN C T, TRAN T N,NGUYEN V B, et al.Production of a
thermostable chitosanase from shrimp heads via Paenibacillus
mucilaginosus TKUO32 conversion and its application in the
preparation of bioactive chitosan oligosaccharides[J/OL |.Marine
drugs, 2019, 17(4) : 217[2022-04-07 ] https: //doi.org/10.3390/
md17040217.

DING M,ZHANG T,SUN C, et al.A Chitosanase mutant from
Streptomyces sp.N174 prefers to produce functional chitopenta-
saccharide[ J].International journal of biological macromolecules,
2020,151:1091-1098.

EMBABY A M, MELIKA R R,HUSSEIN A, et al.Biosynthe-
sis of chitosan-oligosaccharides (COS) by non-aflatoxigenic As-
pergillus sp.strain EGY1 DSM 101520: a robust biotechnologi-
cal approach[ J].Process biochemistry, 2018, 64:16-30.

RS BEER BRI G A5 LR e SR AN 1R 14 53 S M E
RSN [T ] Bk, 2016, 37(19) : 171-176.FENG Z
B,XUE Y,CHEN G Z, et al.Isolation, identification of Bacillus
mojavensis amy P216 and optimization of its fermentation condi-
tions for enhanced chitosanase production [J]. Food science,
2016,37(19) :171-176(in Chinese with English abstract).
ZHANG H, ZHANG W. Induction and optimization of chito-
sanase production by Aspergillus fumigatus YT-1 using response

surface methodology [J]. Chemical &. biochemical engineering



222 LRI I NI <3 4 41 %

quarterly, 2013,27(3) : 335-345. progress of fungal chitosanase [J].Food science, 2012, 38 (17) :
(141 F=metg, #8— FU, REWFWF, &5 . mi Joj 1 ¥2% 46 Ak B % it 85 ZJOU- 308-311(in Chinese with English abstract).
ACL F= 72 MR B 1 & e 2% LT ). A R L 2016,35(11) :93-  [17] ZHOU W, YUAN H, WANG 1J, et al. Production, purification
98.ZHANG Y M,SHAO Y F,XIONG Y Y, et al.Optimization and characterization of chitosanase produced by Gongronella sp.
of fermentation conditions of chitosanase-producing Aspergillus JG[J].Letters in applied microbiology, 2008,46(1) :49-54.
cervinus ZJOU-AC1 by response surface methodology [J].China  [18] ZHANG H, SANG Q,ZHANG W H. Statistical optimization of
brewing, 2016, 35 (11) : 93-98 (in Chinese with English ab- chitosanase production by Aspergillus sp.QD-2 in submerged fer-
stract). mentation[J ]. Annals of microbiology,2012,62(1):193-201.
[15] DA SILVA L C A,HONORATO T L,CAVALCANTER S, [19] CHEN X, XIA W, YU X. Purification and characterization of
et al. Effect of pH and temperature on enzyme activity of chito- two types of chitosanase from Aspergillus sp. CJ22-326 [J].
sanase produced under solid stated fermentation by Trichoderma Food research international , 2005, 38(3) : 315-322.
spp.[J].Indian journal of microbiology,2012,52(1) :60-65. [20] WANG S L,YUH T, TSAI M H, et al. Conversion of squid
[16] #F/L, 2, SEURE . HiFE R s T, B R, pens to chitosanases and dye adsorbents via Bacillus cereus[J].
2012,38(17) : 308-311.GONG X Y, WU J, WU M C.Research Research on chemical intermediates, 2018,44(8) :4903-4911.

Optimizing solid fermentation process for chitosanase produced by
Aspergillus tamarii M3b and enzymatic properties of chitosanase

YAO Yan', LI Jingjing’,ZHANG Yumeng',ZHAO Nanpeng', DING Dezheng', SU Shuhui', FU Xing'

1.College of Food Science and Technology , Huazhong Agricultural University/
National Research and Development Center for Egg Processing, Wuhan 430070, China;
2.Hubei Agricultural Product Quality and Safety Testing Center , Wuhan 430070, China

Abstract A novel fungus strain M3b with high chitosanase activity was screened from the soil of
many places to study the specific chitosanase. The morphological observation and 18S rDNA sequence iden-
tification of strain M3b were carried out. The single-factor and orthogonal experiments were used to opti-
mize the solid fermentation process for chitosanase produced by M3b. The enzymatic properties of chito-
sanase purified were investigated. The results showed that strain M3b was Aspergillus tamarii. The opti-
mized fermentation conditions for producing chitosanase produced by M3b based on water as 100% were as
follows : 1% colloidal chitosan-+1% glucose , 0.5% ammonium sulfate , bran : soybean meal=6: 10, inocu-
lation amount 10% , incubation for 6 d, the initial pH 7.0, and the fermentation temperature 32 “C. Under
these conditions , the activity of chitosanase reached 20.56 U/ml., which was 221.3% of the initial fermenta-
tion condition. The results of SDS-PAGE and enzyme profiling showed that the strain M3b produced only
one chitosanase with a molecular weight of 40 ku. The optimum pH and temperature for the enzymatic reac-
tion of this enzyme was 5.5 and 60 °C, with the degree of polymerizing the final product obtained by hydro-
lysis of chitosan=2. It is indicated that producing chitosanase by solid fermentation of Aspergillus tamarii
can significantly improve the activity of chitosanase and reduce the cost of production. The purified chito-
sanase AtChito40 has stable enzymatic properties, acid and alkali resistance , and can effectively degrade chi-
tosan. It will provide the theoretical and experimental basis for the enzymatic degradation of chitosan and
the preparation of chitosan oligosaccharide in industrial production.

Keywords Aspergillus tamarii; chitosanase ; chitallooligosaccharide ; solid fermentation; enzyme ac-

tivity ; purification
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