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Abstract: [Objective] By screening of chitosanase strains in mud samples from the Fujian
coastal intertidal with screening medium, studied the characteristics of the strains for enzyme
production. [Methods] Through morphological observation, combined with 26S rDNA se-
quences were classified and identified, DNS method was use for the determination of enzyme
activity. [Results] The conclusion showed a 99% similarity between the chitosanase strain
KQ-1002 and Penicillium oxalicum. The strain was tentatively identified as a species of Peni-
cillium fungus. The optimal fermentation temperature was 30 °C, the optimum carbon source
was the 1.0% soluble chitosan, the optimal nitrogen source was 1.87% (NH,),SO,, and the op-
timum pH was 6.0. Cultured for 72 h under liquid fermentation on the strains, the chito-
sanase-producing activity reached the maximum, and the maximum of enzyme production had
been optimized to 18 U/mL. The molecular masses of purified enzymes was 40 kD which
analyzed by SDS-PAGE. Enzymatic reactions’ optimum pH was 5.0, the optimum temperature
was 55 °C, and K, was 1.293 g/L. When ion concentration reached 1.0x10°° mol/L, metal ions
of Cu*, Hg?*, Ag* would strongly inhibit the enzyme’ activity. There was a different degrada-
tion of chitosanase on various substrates and deacetylation of chitosan. [Conclusion] Through
screening, the chitosanase activity of chitosanase-producing fungal strains KQ-1002 which had
been optimized boosted by approximately 7 times, and it is a chitosanase-producing strains of
research and potential applications.

Keywords: Chitosanase, 26S rDNA, Fermentation conditions, Enzymatic properties

U5 5 MR R A AT 1735

5t B BH (Chitosan) &2 1 N-Z Bt & B e
(GIcNAC) Iz (GICN)E i B-1,4 B A %
T2 hE, SRR Ry PRk
Yiln, WA hARRESS . T, BB, AR
HARTCR Z M AN KAEMYIT . Koo b —
RSN AT TOK ARSIV U Se B R, 75
SEME I T HAEYABEL . 5 TR RIS
e, LR M A A, B TR
LTINS N N e S PR 4 S B7.S
K oc R & e S R A A L
WA G5 5S, B A YEREIR . R
fiti (Chitosanase, EC3.2.1.132)#k & & — Pk [ it 5%
M R SRR K RS, AR HAE 7 204
6], ADBTERBERE Y A 3 WA, WY [ SERpE
it 7K % GICNAc—GIcN F1 GIcN—GIcN 2 [&] ({4
B A 17 RBERG K GICN—GIeN 2 [H] FA

;WAL 52 3R BE 1 /K i GIcN-GIcNAc Al
GIcN-GIcN Z [Al R EFEET il AR s 4%
FEEEME IR EA SRR . ANTSYIREE L A
XA — AL AB7E SRMERG 006 M S AR
Fesz g 2 Tl A A 7= s B rp i =l S olAs, A
U, AR R T ST SRR A TR AR R
Tl Al P BB B IR A R K, AR 5T AR
FEY V0 100 7 e R O R A5 3 — ok e 7 TR
TG PR PR RR, JF X 7 B RE M AT TR
W%,

1 MRS
11 @R

BB AR BE 5 IR K
MEFE MR LB KT 90%), WL 4% i A7
L2 T, LA A R AT S 4
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DNA il & A AT rTag B . A2 Bk
WA &M H TakaRa A F]; 516 8T i L
A TSR

12 FREREHBEKRNS S

WG TR HE K PESERNE 1.0% . (NH4),SO4
0.5% . &% &) 42 HU 4 (Yeast extract) 0.1% .
K,HPO,-3H,0 2% . MgSO47H,0 0.1% . NaCl
0.5%. Eflig 2.0%, 4% pH H 6.5,

WA S B SR B () KPR ST RObE
1.0% . (NH4);S0, 1.87% . BELFHEHCY 0.3% .
K,HPO,3H,0 0.14% . KH,PO, 0.03% .
MgSO, 7H,0 0.13%. NaCl 0.5%. %t 0.1%,
JA% pH N 6.5, RiFRFL KB &M 1x10° Pa,
20 min; FERFEHIMKE: 1x10° Pa, 15 min,

FRELAHE 10 g, BT 8% 90 mL JCR /K I A
PERSERM = fApeirh, JR%% 20 20 min, ffi+FEYS
KRG, KRR TTHL, K LR B AR Y I
AN [ e B i U A 100 1% 7 o 25 1 P AR L
T 28 °C-30 °C fHil#I% SR 3-5d, ME AR LK
LB TR I 0 N TRV R R A 1 s T P
2 FTE ELAE (d) A1 B B B2 (D), LA D/d HLAE A d
(EAE A IR ™ 7o MR RE T 048 hR, PRk lh{EAs
KAAK BB AR 7o 25 2lifl, I TR
ek B, SR BRI R A A RAA A
P 3 L (B vk 4l 50/250 mL), T+ 28 °C—30 °C.
150 r/min FEIR &4 T HERBESR 72 h, BUR R BER
F 4000 r/min IR EC> 20 min, BT & BURL S
W, FERIH TS E
1.3 HHEE

(1) BEERFENWE: S2H AR RFEET
L LTI S S P AR | TR AR
AN REE T AT RIS . (2) RIARIY
26S rDNA %5E: ¥ 1 HR SR 4H 26S D1/D2 X,
HAE R 514 26s-F: 5-GCATATCAATAAGCGG
AGGAAA AG-3'; X Im75]%) 26s-R: 5-GGTCCGT
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GTTTCAAGACGG-3', JZ i #&44H: 98 °C 5 min;
95 °C 355, 55 °C 355, 72 °C 40 s, 1k 35 MFEE;
72 °C 8 min, ¥ A RIS, #5258 LAt
TS al e o Wy f5 Bris e 914248 GenBank Hrif
7 BLASTn kX, FH ClustalX 1.8 #7251 [t
X434, FIF MEGA 4.0 #4 Neighbor-Joining
BHERE LB
1.4 =EEEEHBNE

Fe TP BTG 7 (470 22 R I DNS 3581, BOHL il
W 0.1 mL AA 0.9 mL 1%AY5E AR A 1 mL
pH 4y 5.6 IBATRZZ i, 7 50 °C {& i 10 min,
A 1.5 mL DNS ZabEfE SR, K is
5 min, Y15 BCEIERAN 520 nm Ak (4
FHAH [R) 512 Ak 3328 3 W R RV E A X B, I
2R B R AR N 2R, A SN T P A D
W& i, ST R R BETE . BIE R SOR:
R FHEFRER T80T A4 1 umol A JEURE BT Y
O — NS A (U)o
1.5 AEFEEHHAR
151 BEREZHNABSEAEZM: (1) &Kt
S RIS (B (B 2 - R TR AR 8 AR e T B o
W, K539 60144 h, &ERE 12 h BURE—k, FEIE
W 17, e M 50/250 mL, REFEIEWIEE pH M
6.0, JEFEIRE H 30 °C, 150 r/min JR3%51555%; (2) I
B pH X R SE I B R A R R SR A 1)
4 pH 43519 5.0, 55, 6.0, 6.5, 7.0, 7.5, 1%
JELFE A 30 °C, WA 50/250 mL, 150 r/min 4
VRESR 72 h; (3) R BEIRBEXS = B fE R B P
PRINFEI S SRR EE 730 25 °C. 28 °C. 30 °C.
32 °C., 35 °C. 37 °C, ¥ &=~ 50/250 mL,
150 r/min #RFHTSF 72 h; (4) BRUE ™ B A5
LA 1% RERE . FURE . A2 2P0 AT e R
WAREE SRR Y 1% KIEESE RS, 78 30 °C 4%4F
T 150 r/min &5 553% 72 h, 2k 50/250 mL,
B FREAI6 pH 4 6.0; (5) AIRXS B RGN 43
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SILL NHNO;. KNOs. EE AR, JIRE . 4 WE
B AR AR A 1 15 77 1 (NHL)2S0,, 2T >
50/250 mL, }53EEwIH4 pH Jy 6.0, 1 30 °C 414
T 150 r/min #EFHHESE 72 h; (6) BRI
S 250 mL i = fbelii 4 A 30, 50,
70. 90. 110 mL Wi AWesFREL, BT MIPIG
pH 4 6.0, 7£ 30 °C 414 150 r/min #RZ¥EF+
72 h, HOREI S BEEPE, A I B PR B R A X
FERETE TR
152 KEEFMHMIL: RHIEZES T KQ-1002
VAR SC RMER e A 55 1 . BERR A EIRIR . B
FERR . SEFRIREE | Wi . HERhiE . BEFRAIA]
FRIG pH R 7 AR, BAREERE 3 K
W Lig(3")IEACBETT, 52 575 RVERETG 71, 4>
R 3WEL .
1.6 FRIEEBRIMIR L K SDS-PAGE 434
R RER T R b R E N
50/250 mL), 150 r/min, 28 °C—30 °C F#&Ifi%55E
72 h J5F 4 000 r/min B5.0> 20 min, B EERINA
20% 1 AL (NH,).S04, 4 °C #8 2 h &, T
10 000 r/min F&E.L> 10 min, B FIERZEZMA
(NH,),SO, 2 80%fMFIE, 4 °C T#rE 12 h,
10 000 r/min &5 AR DLVE, W UITER AB T4
FIFIMA NaAc-HAc ZZnPiiiERT 24 h, TFF 8 h
e— IR ZE ik, FH PEG20000 WK e . 4T 12%
F1%) 38 TR s It iz 956 i R ¥k (SDS-PAGE) 4 #T, i a2
H &R A5, IR aife g i, 45
S0 SEAHT S TS R A, TR

alifb g, HOTE PR R R
1.7 FEREREEFEREES

(1) BRI (I B i AT R 2%
MY KQ-1002 7SR M /3| T 40 °C. 45 °C,
50 °C. 55°C. 60 °C. 65 °C /KIHER 10 min 7,
JIA 1.5 mL DNS, #7K¥% 5 min, &6 ¥ H1 50
520 nm by OD fH, HAFERMERES 1. (2) M
PR RN s pH BYINAE: K pH JEEEE N 3.0,
40, 50, 6.0, 7.0, 8.0 MESRZE rhi i A
KQ-1002 S¢S MEREL, VEM TIRYIK IS IRNE,
PRI 1.4 J5 e 7o RMERE TS 77, AT IR (3) 4
Ja B X 7 RMERHE 1R KQ-1002 725K b
MW gk Rz, IMALEE FHRE N
1.0x10° mol/L. (4) FeSRABE I P R T
IR PESE RS . M AIRSE RS . AR 52
% . DEAE ZF4E% | R ELF Y2 Rl e 7
RMERGIE J1. (5) JEHZC RME R BE £ 1% B2 X B
JIRIRZI: SERMER I IR EE 4331 78% ., 83% .
89%. 92%. 96%. (6) AT MK [ I :
SR> 2, 5. 10, 30, 40 g/L, 5
KQ-1002 5EFRAMERHEAEH], W 5E 7e RAHMHT 7

2 Gt

2.1 HHRIFIELE R

W BT EURE S AR AR IR A 5 34 d,
WLEE TR R JE] 1B ) 7K A R O, K i P 5 v LA
A ELAE DL 1, i i P e R LA K e B A
P—PRERE 1 FoR, WZRsE, P HER

1 FREEMEZKEEEEMNEZEZME
Table 1 D/d values of the chitosanase-producing strains
%S Y 44
Number Hydrolysis zone diameter ~ Colony growth diameter Enzyme activity (U/mL)
(D, cm) (d, cm)

M-1 1.18 0.45 2.6 2.668+0.090
M-2 (KQ-1002) 1.74 0.53 3.3 6.784+0.124
M-3 1.78 0.49 3.6 6.402+0.116
M-4 1.61 0.69 2.3 4.992+0.083
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By EEHAPAR, TROCEEUKARE, TR, W, SR 3 BR, MEETR
PFAR AR, VPR Z TOUE PSSR T g HRhulLIE L, Mk KQ-1002 5% &R
BER A RARDLINE 2 iz, SURARATIMEL S enicillium sp.)hy 4RI, KO b
BAYHYETE T, VIR A B TR

_ 44"~ Penicillium sp. KQ-1002,
22 ERDTFENFLETE

23 KBFEEENHHL
o JAN AL S = VAN
It 265 1DNA FEIVIET, MPRWEIT ) 01 pmmmzrmmnemm: KRR

AT, 25 POR GRS TS 00 09 e gy P, 45N 4A R,

DNA 751, Ff4£2¢ NCBI £l 11T BLASTn L Mk RO, s 72 N PR M . A

AT E AR 132 /e, AR R R

1 FREEBEANTIRIEEE R
Fig. 1 Screening plate results of chitosanase-producing 2 KQ-1002 EHKHY R 45 ER (400%)
strains Fig. 2 Microstructure of KQ-1002 strain (400x)

Penicillium oxalicum (DQ123663.1)

Penicillium oxalicum (AF034455.1)
Penicillium oxalicum 787 (AF033438.1)

Penicillium sp. ZJ01 (DQ840343.1)
8 Soil fungal sp. DM020 (AB438383.1)
17 Soil fugal sp. (438836.1)
Penicillium sp. 7991CY05 (AB470582.1)
33 Penicillium oxalicum (F1810802.1)
28

Penicillium sp. 7941 CYO01 (AB470529.1)

99
24 |

16

KQ-1002
Fungal sp. mh1887.3 (GU552510.1)
7 Penicillium oxalicum (AY213620.1)
Penicillium sp. RA302 (GQ169747.1)
36 47 I Pem:cz:lll:um sp. RA102 (GQ169739.1)
Penicillium sp. RA203 (GQ169743.1)
9 | penicillium sp. RA202 (GQ169742.1)
—o0

B3 Bk KQ-1002 #4> 26S rDNA Fr3l ) &R Grift b ixt
Fig. 3 Phylogenetic tree of the strain KQ-1002 based on 26S rDNA sequences
I 185 PR SR F S GenBank HoE 5 2 S nBUF IR KAE, FrRACR S 73 5%
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap
values on neighbor-joining analysis of 1 000 resampled data sets. Bar 100 represents sequence divergence.
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Q Q)@
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Fig. 4 The impact of different fermentation conditions on the enzyme activity
T A KQ-1002 A K4k B i BE Xl 1 5%

WH; C: #ILG pH XHEETE A5

i, D: 2R X R Y

LS4
W

Wi, E: BRIE BRI A E

Note: A: Growth curve of strain KQ-1002; B: Effect of temperature on enzyme activity; C: Effect of initial pH on enzyme activity; D:
Effect of liquid volume on enzyme activity; E: Determination of the optimum carbon source; F: Determination of the optimum nitro-

gen source.
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XL P16 JEE PRI A0 S i 25 5 R T ] B K, TR AR 1
HMABINS, WA RKETER, KEOR pH 1
G B A YA B2 B . R, B TR
A B P B R) 2 72 h,

232 mIBEFIREMFEEE NN 7EAR
FIEFRIEE T I E KQ-1002 FE AR =7 BB 1)
W61, SRAE 4B Fin, ROl B IRIR L RN
28 °C—32 °C, IGFRiRE T 30 °C I, = HS
T T

2.3.3 #%h pH XFEREIE ARG KR ILAA)
B pH X =BG 1 R 2 R AR 4C iR, pH
N 6.0-6.5 IS S8 ; pH oA 6.0 I J)ik
Bl I, 0 1% B R R 7 10 S A0 i
pH >4 6.0,

234 FEREMFEEGE NI R X
TSR ANE 4D FiaR, 250 mL = fAbeiny s
Wt h 70 mL i, KQ-1002 Btk 5e SBHERTE 11
e PIIL, B s i 70/250 mL.
2.35 AREEEMFEEEE N RF I 16 iR
S Ay BImA 5 MR GBRIR, XHZR R =7 R
VERGOIE S TINE, 45 MK AE AT, DISER
WE AT TIZ R I, HE R R ET ™5%
3R s

236 ARITEXFEEHBIFM: HIE 4F 7]
M1, R I 6 AR, LL(NH,)SO4 H AU
5 IR IEHG T80, NHNOz ¥k Z, L KNOs
R R R R L b e e SRR TS A, I,
T 2 T2 TR PRI T B 7 7 e RO Tl ) o R K
(NH4)2S04

237 EEEEHMHL: HGH LR HER R AR
R, RHIEAEAT 1 KQ-1002 Bk il i e fHE 5%
fFo W 2 nlA, g 7 AMREE S, BIRE
JE . WRIRECHREE . STRMEMR EEFIWILA pH 1Y R {H
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B RigRmtla) e AR i) R EAVN,
F 251 PR 2R sl R 28 2 (8 28 B R AR 22 (R) R/,
AT LA X A= Tl TG 11 4 A B PR R K
Uk BRFRIRE . BRRER . oM. WILA pH. B
E KQ-1002 Tk 1Y e A R SRR 2 RbE
1.0%. (NH4),SO, 1.87%. ¥ pH % 6.5, #fh&
4%, HHE Ay 70/250 mL, 30 °C T 150 r/min #%
RIGEFE 72 h, TERGE MG 450F T, Wk
KQ-1002 & B (1) 5¢ S MG 1 AT 15 18 U/mL.
24 EMYVIRGECESFENE

2 PEG20000 ¥4, (NH4):S0, 9 UtiE, i
WG 3RS A B 26 SDS-PAGE 434, 45 H4n 5
FoR, SERBEREE H 0> T R4 40 kD, 703
D 1 W S SR o i, IR gl iy
o HORETE K R 3 N FIgaifb i gL
3.4 4%, HE#AF] 60%.
25 HEBEIAIEEFFFEST
251 pH XEEEMRIFM: pH XF 78 R IE P
PIsEIRZE N[5 6 7R, 7E pH 4 5.0 B 5T SR
TP, 7E pH i 4.0 J 6.0 B, ZRATHY 7 BA
il 1% P 3 1k 95%F11 88%; pH Ky 7.0 I, 5k 4Tl
5710 82%; pH Ay 8.0 B}, FRANHEE )1k 75%.
VLI TE R E R ey pH B (3-8) A HA
B ETE
252 BRERN&IERERNE: K KQ-1002 7%
B BB T 40 °C, 45 °C, 50 °C. 55 °C,
60 °C. 65 °C /KInHEM TIRY7E RpER R, W
SEMFEYE . S5RAE 7 Fis, %o RPERERG L
N Y R i i A 55 °C
253 ERBFXEEMMNEW: F25FRERN
1.0x10°% mol/L i} (3 4), &)@ T Cu*. Hg*' 5
AQ X 5T RO YA AN [RRE FE (A dIAE S
13 FRE T 60% . 65%F1 69%.
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Table 2 Design and analysis of orthogonal test

Number Chitosan ~ (NH4),SO,  Time (h) C) Initial pH (ML/250 mL) volume activity
(U/mL)
1 1(0.50%)  1(1.37%) 1(72) 1(28) 1(5.5) 1(60) 1(3%) 2.401
2 1(0.50%)  2(1.87%) 2(66) 2(32) 2(6.0) 2(70) 2(4%) 3.430
3 1(0.50%) 3(2.37%) 3(78) 3(30) 3(6.5) 3(80) 3(5%) 2.382
4 2(1.50%) 1(1.37%) 1(72) 2(32) 2(6.0) 3(80) 3(5%) 3.906
5 2(1.50%) 2(1.87%) 2(66) 3(30) 3(6.5) 1(60) 1(3%) 5.621
6 2(1.50%)  3(2.37%) 3(78) 1(28) 1(5.5) 2(70) 2(4%) 3.163
7 3(1.00%) 1(1.37%) 2(66) 1(28) 3(6.5) 2(70) 3(5%) 3.430
8 3(1.00%) 2(1.87%) 3(78) 2(32) 1(5.5) 3(80) 1(3%) 1.715
9 3(1.00%) 3(2.37%) 1(72) 3(30) 2(6.0) 1(60) 2(4%) 3.316
10 1(0.50%) 1(1.37%) 3(78) 3(30) 2(6.0) 2(70) 1(3%) 3.106
11 1(0.50%) 2(1.87%) 1(72) 1(28) 3(6.5) 3(80) 2(4%) 2.877
12 1(0.50%) 3(2.37%) 2(66) 2(32) 1(5.5) 1(60) 3(5%) 1.963
13 2(1.50%)  1(1.37%) 2(66) 3(30) 1(5.5) 3(80) 2(4%) 3.144
14 2(1.50%) 2(1.87%) 3(78) 1(28) 2(6.0) 1(60) 3(5%) 2.820
15 2(1.50%) 3(2.37%) 1(72) 2(32) 3(6.5) 2(70) 1(3%) 3.182
16 3(1.00%) 1(1.37%) 3(78) 2(32) 3(6.5) 1(60) 2(4%) 4.935
17 3(1.00%)  2(1.87%) 1(72) 3(30) 1(5.5) 2(70) 3(5%) 6.193
18 3(1.00%) 3(2.37%) 2(66) 1(28) 2(6.0) 3(80) 1(3%) 2.744
k1 16.159 20.922 21.875 17.435 18.579 21.056 18.769
k2 18.655 22.657 20.332 19.131 19.322 22.504 20.865
k3 19.589 16.749 18.121 23.762 22.428 16.768 20.694
R 3.430 5.907 1.543 6.327 3.106 1.448 0.171
" o ) ‘ ‘ i S
BOIR GCRBE G B SORRE wlhen bl STE Engyme
Optimal Chitosan ~ (NH4);SO, Time (h)  Temperature Initial pH  Liquid volume volume activity
scheme 1.0% 1.87% 72h 30°C 6.5 70/250 mL 4% (U/lrgL)
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kD M 1 2

200.0—
116.0—
972~
66.4—

443 —
29.0—

20.1—
143—
65"

E5 ZERaAHER
Fig. 5 The purification result of protein
H:M: B Marker; 1, 2 4lifb )5 1972 SRR R FRE S,

Note: M: Marker; 1, 2: Chitosanase purified protein sample.

254 BEHYERYIESME: IZEE KA R A

AEIFHIKIEER, 450K 5, LM KRR
PRI BTG N 39%, XFEARSEE . R
LY | DEAE L4 R WA MEMIEH, £
ST R EA Y T —

255 JEYIEBIER ZEEXEEE OO Mm:
T ISV A 28 i AR [ 56 2 T B 1) K i 1
BB, T 55°C. pH 5.0 £ Rl Hmss 1, LA
KIF AL PR RACAXT R, Z55 K 8 Fiw, 5El
WP 58 2 B 3 % BRI T e, i Bl R 72 R
MR TR () T T 3G 5 o 252 MBI 2 ok
Sk T8%IF, ST IMERE TG AR AR, T4 TE R
BRI B KT 83%J5, 7o RMEEAY IS J1 A
80%, T 247 RME ML 2 BEJE L 96%)5, HoAH
Xof I 1 B e o

#*3 RREIRIAL

Table 3 The purification of chitosanase

AR T_%%ﬁ y A A afres
Purification steps SlpEaile E‘\S%rg; AR Purification of multiples  Recovery rate (%)
L 20.82 1.0 100
Concentrated liquid crude enzyme
0, 0,
20%—-80% (NH,),S0, 4> ILTE BT LE 10027 34 60

Fractional precipitation

110 [
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90:_-//\\‘\‘
8o
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60 [

50 [
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) J T S S M

30 40 50 60 70 80

Relative actived (%)

pH

Bl 6 pH 3 KQ-1002 FEEHEREE AR
Fig. 6 Influence of pH on the activity of KQ-1002 chi-
tosanase
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Fig. 7 Influence of temperature on the activity of
KQ-1002 chitosanase
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Table 4 Influence of ions on KQ-1002
chitosanase activity
BEET A B 1
Metal ions Relative activity (%)

Na* 104
K* 101
Mg?* 102
Ca®* 102
cu® 40
Hg?* 35
Ag* 31

*5 MRIRYESMT

Table 5 Substrate specificity of KQ-1002
chitosanase

;%7 A Bt
Substrate Relative activity (%)
Water soluble chitosan 100
Powder of chitosan 39
Solid chitin

Carboxymethy! cellulose
DEAE-cellulose

100

60

40

Relative activity (%)

20 -

78 83 89 92 96
Deacetylated degree (%)

E 8 Bt ZELEX KQ-1002 B HERGE 1 HIS2 0

Fig. 8 Influence of deacetylated degree of chitosan on
KQ-1002 chitosanase activity
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YRS T R ME(DD=90%) 1A W, JHd HABIEL 1/[S]iL
2, KRR 2-40 gL e RBHAW, ¥
S5 A ) 2 52 SRR TR 50 °C

pH 4 5.0 £ T e Hoe SBEME T 1, SR FHXUE

BVEIRE (Lineweaver-Burk) i 52 77 S K 1G4
BT K, BILASESRBEA W BE OB 1/[S] R
MEARPR, S EE IR LV IARREIR, 3K
H Ko 1833 Lineweaver-Burk 1EKI (K 9), e H:
MITHZSH Kn fH A 1.293 gL,
3 e
BG5BT B — AR e RVERG I TR,
THE A2 5K K 26S rDNA B 5E 2 75 2/ 10— Fif;
TERTZ TR R K e 7 Wi SR AT TRIADSE, FEd
W EERAES, AR R IR o SR BTG ) 5
Ak 18 UimL, B RIULbEiiem 2 7 5. H
Hil A E R IE 1Y 7 5 R I AR Y,
s HEBU EAFEEN B
R i E Y sk T o
B Bl BP0 RFSE SROERET E AGI
P FEEAYPEALEH DNS BFP, k=5 B pE
it PR R BT B R 22 Ry 52 R0, JCHGZ DL A il
RSB A SRS R £, T iadg sty
DU SRME A BRIR T 17675 21—k 15 FF T 0 20
T4, DNS i HEEF R 0414 U; Fhar K&
i A5 B — bR ZF AT TR R R 2R T, R R UL T

25¢
2.0+

L5
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9 EEBEVMRESRMNEEHKLR
Fig. 9 The relation between chitosan substrate
concentration and reaction rate
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RPN SE, SRS PERR. &R Cu™
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A SEMaA/)N, S 2 A TG M O AE S AR
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