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2 A 3% TR ) A R AT A B A LA |
JZ R B BRI R A B AR A vk
AR A0 S AT 45 Y JR R L LA
HFER, A e 2 580 R IR,
it it 32 ) A0 A 55 5, T EL AT BE- S B0 0 G 5 1k
07 B B RCRARMR , 75 AR K IR A R & R,
I ELAEFH A R0 A AR i i B, 5 5 BN e il
KRG, BLAN I8 T RE X e SR 56 i T G 5 4
P Dl AT V8 HR] B 23— S R Y Ak 2E P TR
R

H AT, AT CDA U E W i 5T 8 %
EHTERER LT BRI 5 IR Ik il
SRR, X T CDA 7 TR AR A B Ak B ) i
TR ASBFSE AL 5 B A R W Oy i A4
M R URAL BRI BRI Y 2 0 I
FIALEE G5 A PR DL K A A PSS X 4T BR B
11-3 FEATERE AL FE | LR ECAY CDA RS o8 &
BEVEMN TR, 45 G TR AR LB LA T IS A
ZIBRER 11-3 MY B — 4B BE s DAL R L
F TR A5 B BE J7 3 X B HUZT 3K TR 11-3 27 CDA
BRI, DA St — 20 BR R o 5 B 2
CDA By 75k,

1 #MEFE

1.1 R 5F

1.1.1  EKE  ZLEKE (Rhodococcus sp.)11-3 (LA
TRIFRLLIREA ), Ll AR 48 8 il & I Tl i 58 i e
X A Y

1.1.2 5% % # B (20 000 U/mg) .SDS . Twiton
X-100, Biotopped 2 7l ; EDTA , 3¢ [F Solarbio 23 F] ;
A5 VLR R m) A R A PR W) 54— 2 £
TR, 1R A A R R 5 A SR R e, R
HIAEARG T H e i A #3500 34 R o B a2
113 FiRdt plmigedt. HErk 10.0 /L, 4
WE 5.0 ¢/L, JALEN 5.0 ¢/L, 3G 18.0 ¢/L,pH
7.0~7.2; FhF 15 SR 5L A AGHE 2.5 o/ L, I BEH 5.0 ¢/
L, BiR 8 4.0 o/L, WilR 2480 1.5 /L, pH {8 A X ;
K IR ] AR 2.5 o/L, BEBE 7.0 o/, iR &%
2.5 o/L, Wi R — A4 1.5 /L, RN 2.0 /L, K
M 5.0g/L,pHIEN 7.5,

12 MUBR5EHF

FA1004 HL K-, 1l TR 2# AU A R A
A ;PHS-3DW %4 pH it , LG IEH AL #8 % &
A RA T ;WP25AB £ 20 o BUVIE R 1 75 46, Rt T
ZRIT A ER A B2 B 5 ZW Y -2102C 18 I 15 77 9% 1%
i, VI BT A i 15 A PR R s HH-4 80
TE R KBy, Sdati B AR A R A A TGL-
16MG I i 3 B O AIL, AV 0 B O LA FR 2
) FSH-2 AJ i /55 38 ) AL, M [ 4 i 28 A BR 2
A 3JY92- [ DN 8 7 i 48 M by 021, 72 B8 2 B
BFF By A BR 23 7] ;QM—100S £ 3 AE = 25 Bk g%
A0, T A (b5 B AT BRA 7] 57216 7T W4y
FEGEE T, A A AT AR A R A F]CPD 030
I L s, T g, b 5T 4 e AR R B 47 BIR A ] 5 SPI-
Module 5 9% BEHL, i EA B A A BR A
A]; HZS Hitachi 4800 37 & ST H v 5%, B2 1L T
A 5 3 78S B S s B AR D A BRI
1.3 Ak
1.3.1  WHRIE SR KR b 208K B R R
P AEE F2 W % (Nutrient broth, NB) [ {4 3% 3% %t
b 7E 30 CTFHi % 24 h, 885 FR8 H % 78 2 NB )
TRER SR b iEAT 3 YAk 5 O B i TG A T
FRUA 5%0Y HL 3 A K BB S5, T 30 °C,180 1/
min ¥5 5% 60 h®, FERE IR 98 UG MR SE 29 T
4 °C,8 000 r/min &.0» 20 min, 3% b3, F HUL5E,
PR AR R K Ve 2~3 Tk, 2 H O
53 B IR R BT -20 °C, LA UEFT 5 S5 B B BE
o 2 B R T TR AR T 2 R BT
1.3.2 Wk
1.3.2.1 REVREDEEEALEL AR 60 h (L1 ER
PR R B F2 T 10 mL, L 8 000 r/min %%
W, E4°CTFE.020min, RIFHHEIERTET 10
mL 0.05 mol/L. Tris—HCI 2% ' if& (pH 8.0) ', H- 7£
WA 37 CARE B IR 10 K2, DUIRTS e &
gk
1.3.2.2 #E P REALEE R R ETE T 10 mL
0.05 mol/L. Tris—HCI Z& v (pH 8.0) ", 7EA IRl ik
PRATIE] (5,15,25,35,45 min) M AR 203 (200,
300,400,500,600 W) T 43 77l X 21 35K 127 2 47 fie 5 Ak
PE(IF 55,0€ 1s)  Mb B R 76 0K P gk A7),
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1.3.2.3  ERIE@ERELL PR K B R BV T 10 mL
0.05 mol/L. Tris—HCIl & v ¥ (pH 8.0) H*, i A 3%
AR, TE BRI R KR 334 30 Hz 19 2541 T it
AL BE (5,10,15,20,25,30 min)

1.3.2.4 AIBEEEAN B H R AR TE T 10 mL
0.05 mol/L. Tris—HCI Z& /¥ (pH 8.0)H, LA 13 000
v/min [ VKW 2% 4R F 213K 4k BE (10,20,30,40,50
min) .

1.3.2.5 AN B BELLFE OB IO Y 50 mlL B
LA 8 000 r/min HYFE 3, 7E 4 CCF &0 20 min, UL
SETE R B HOMOA R R TR BB ER i AGE R
WA, FE AT | 2 TR AR LA AT R AR R SR
J& s Ho f# T 40 mL 0.05 mol/L Tris—HCI 2% #h i
R R E T B0 A T 5 10 mL
% PR DR VR DT BRI I LGRS R0 A
1.3.3  fb2¥0rik

1.3.3.1 2 I I P4 7P A B Ach 38 M A S 240 L BT
B AE RA T 0.05 mol/L Tris—HC1 22 #h i (pH
8.0) 1, 2 B i EDTA [Triton X-100 fil+ — k¢
FLBRAR AN (SDS) , B ik FE 34 R 20 o/L, B TR IRAE
30 °C, 180 r/min M AL FE 30 min*",

1.3.3.2 G REAL R OB R A B TR T R A B
0.05 mol/L. Tris—HCl Z& s (pH 8.0) )5 , &
2.5%5 A5 31 30 °C, 180 r/min J&F 30 min®!,
1.3.4 A ABG0EREAL B AR TR T IRMAR R
0.05 mol/L. Tris—HCI ZZ #f"¥ (pH 8.0) )5, 53 5l #s fin
Vo5 T Tl A H 2 5 Bk 4 R 0.2,0.4,0.8,1.0,2.0
mg/mL, 7E 37 CHE IR 43 Bl Ak #1 0.5,1.0,2.0,4.0,
6.0 h,

1.3.5 KA REREAL T vL AbFE 1. M\ 50 mL (A
N R G R RTINS = R R0 R N W
NG SRR, WIS, il R T8 1t i A oK
J&, JA 40 mL 0.05 mol/L. Tris—HCI Z& i (pH
8.0), i H. o8 2 it | SR 5 4 FL I NG TS 0 25 00 4
L A 10 mL 92 MR DR IR IR L S 0
B A B, B A 13 000 r/min BRI R
Ji2 30 min,

A BE 2. KRR R TR T AR B 0.05 mol/L
Tris—HCI ZZ P (pH 8.0) H , il Jili B 2 W 5 FE B
LA 13 000 r/min PKi& 38 30 min 5, F 10 000 +/
min &0 5 min, B A7 LIRS, IR E R 1

MR RS AR A TV sk b, 8IS & IR
FOEES , H R RIS ARG 40 mL
A0 LR, PR ATSNE.OE T, B
10 mL |35 W Bk — I3 A B0 45 b iR
AW,
1.3.6  HEPN CDA A3 BUR i 75 1
1.3.6.1 My CDA B AYF2HC B 203K I 15 55 60
h, I CDA % 77 5, B 50 mL & BEW, T
8 000 r/min,4 °CE.L» 10 min WA B 1A | FHJC# 7%
MK R E Ve 2~3 I, ZJGMA 50 mL 0.5 mol/L
Tris—HCl 2% 0 (pH 8.0) 23 il i 47 e & VR | #E
FHOBRES 1M A MBS (EDTA (TritonX =100 F1
SDS G U5 R T VAT S RN A0 SR A R A T I BE
AbEE R EIF T 10 000 t/min, 4 °CE > 10 min,
AR 2 200 R % R A FE R 1 200 P, 8 R B Dy
PAY TR T AR
1.3.6.2  CDA BigiE J3 e X i 55 48 Bl b o it 4k
FIHIE . MERTFREL 0.01 g XAl 2 8 B 7 f% T 100
mlL ZE 18 7K H kA5 100 me/L 19 X il 5 2% e B W,
SR 5 T ZE 8 KK B A B 0.0,2.0,4.0,6.0,8.0,
10.0 mg/mL FY XAl BE R JEAR Y o 3 3 28 1 K AR R
Z: B, i 25 bR AR TE B K 400 nm Ak A9 WO
BE (Aun) o FE 3 UIREL, LA A gy FREARFR , 23] 1
B R e vk B (b v i 2, il 1 T

CDA g1 7300 5 J5 vk 2 BOCHR (23], % 1 mL
200 mg/L )il JE £ Tk 2R e K ¥ W 1 mL G 3 v B
Yl AT 3 mL 50 °CHY 0.05 mol/L. Tris—HC1 2& #h
& (pH 8.0)IE A 5] M R WK & , 7 50 C/K
YRR 15 min, 2R 5 7E 3R KV T A& QR RO R IR
PR EN B BN 10 mL K R AT LU
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Fig.1  P-nitroaniline standard curve
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8 000 r/min &5.0> 10 min, M & FIEWR ML 25
1% BR AR 2R S TR 1 ml R N 9 3 0 v L K 3 T
S O 1 1 =l o A S L& o0 [ N M e
A, BOFIAE, AR Al 3 R i b o il 2355
CDA Jii% 73 (U/mL) .

1.3.7 HH# 7 235 (Scanning electron mi-
croscopy, SEM) Wi %€ 4% B8 Spiden 5P iR | 38 it
SEM Xf £t 1.3.3~1.3.6 15 45 5 i Ab 35 i 45 21 1)
i E 3 W CDA % 7 5 8 0 FE kA7 W] A Ak 43
Bro BARLERMT eI A LN 0.1%M%R 4
95 RS W, T AE M AT 0 i 5 R Y
BIERAESI A T 1h, R KBS ARA
2.5%% "8 1 h, 16 PBS Hhupyk 3 %, AR 10
min, K55 B R RS F) 70% £ A AR S e
(11, VIV)YRIR AP S min, BLJ5 2 A4l H 4
S B 20 min, AR5 H 55 B TEIG A TR A
g H A B BT S COL(8 °CL,50 bar) X
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B, W TR 3B R L B A A RUE R AR AR R
b IR IR S LR 4. e RS T
BB BRI A TE &, CRAEECH 5000

(57
Mo

1.4 SitE9H

Tl BE Kb 355 i e i g A 3 R, i
Excel 2019 #E47 %40 4k 2 ; i ] Origin 2017 4b 2
CDA 6 788, 45 5 42k 16 52 80

2 BR55H
21 JUT BBt Z BB AR LD BK A A RE L

W O AL I 10 21 8K R LR B 38 5% 1) 3 Fh
R R 2 8 R P, 180 1/min, 30 CHE 3%, &
12 h 0 55 FR W6 ODe fHL, Sz W TR PR B A 1
O, LSS FR I (] S A AR AR 43 31 A ODegyo . CDA B
TP AR 2 FLAE K i 2R CDA Bl i ) 7 A=
Mk, 45 R0 2,

8000F | —eem-. FEi%
%5 7000} e
= 6000} Vd
=, 4
R E s5000f yd
o= ‘{
& % 4000 /
= £ 3000} /
g™ /
£ 2000f /
= L/
2 1000
o /
0.0 —
12 24 36 48 60 72 84
peE i
Culture time/h
(b)CDA % 77 77 4= th £k

2 AREAEERIMILT RN Z BB~ £ L%k
Fig.2 Cell growth and CDA production curves for Rhodococcus sp. 11-3

HI1E] 2a W1, Bl BRI ] B9 EE 4, CDA il
W5 JZ W, 78 60 h i ik B feok i &l 2b Al
R, B TR 1 B AT R R D, TR
BT ARG, W0 25 I BT Dt DR 2 2 Bl T RE A AR T 40
JHE PR A R

Ohy B e TR PP A HL W SR TR R ) D E
B VR 1, 45 A T AR A TR AR, X T AR A7
SLUETR IR h RO TE (AW , 73 B E L3
T R B WS 1, SR B IS WCh CDA S )
BEARG DO 32 Tl A A T ML PR 8 R 1 A g S i, ]

FHRRTA S R Ve B AR, B0 B E 38 TR
R W BETE 7, W D RS TR ARAR, S5 A
K2 45 ] I8 F Wiz i e T M a il , 45 R a0
1R,

M T RTRLE M, B WS B WA L CDA
Fi G JIARAG , B AN 8 TS, i — 2 A
TR I R T R PE R R 80, 1R AT, TE IR
i 20 min, B0 00E I WS 77, LU E %
ELRNLE 4RI 2,

MF 2 ATULAE RS MRS | B
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®1 HARERXRERFELBERMESRKT COABEEN
Table 1 CDA activity in supernatant and resuspension
after repeated washing
CDA B3 A /U-mL™

T R A - -

0 74.0 612.3

1 46.1 607.7

2 15.7 594.3

3 42 593.6
*2 MEBOAMEFLERMELZ LD COABEN

Table 2 CDA enzyme activity in supernatant

and resuspension after Tween 80 treatment

vt ;8 80 CDA &% #1/U-mL™
NFE  AHEWE REER . .
B ) ] tHm TE R
(i) B iR B
0 695.9 690.3 27.4 674.3
1 683.5 334 677.3
2 685.7 30.1 676.5

B AT CDA BTSRRI L HEBR T 1% B A7 15
TR A T A AT BETE , T I T DN
BE— 2B BN S8, X £ BR iR 40 M AT Bl BE Ak

}Eo
22 YIBWEEFEXNOIIKE M A CDA BN
]
221 REGRFEAWREANIE SR SR R bk R 4T

BRI AN AT W AR B, W% CDA BB IR
B AR DLTE AN L W, FORFDCTE 20 BRI ) (AR AR
(2% whaf rh R0 TS 23 31 0 B R A

DESR O LER

700.0
600.0 |
500.0
400.0 |
300.0 |

200.0 |

CDA B 1y
CDA enzyme activity/U-mL™

100.0 |

0.0

3 REFRBEIAKERER CDA BN
Fig.3 The effect of repeated freezing and thawing
on the release of CDA from Rhodococcus sp. 11-3

CDA Fil§& 77, 25 R an el 3 s,

PNGIRICIRVE i IS =R/ R $7 S R R 3z K )
) B TR A SR AN B S 7 R T i R VA L T R T
JIAHZE G0, CDA AR T 1.82% , Ul W SR HH
AlVEANHE D 35 B SR 2T BR G AN i e | Ui Y CDA AR
AEAS A ORI
222 HFEBEEEA

1) 7 i T3 0 B i CDA 19 52
AL W T ROV 2 R 4 R o
P02 KR A A Rl R T R 4
Tl fafe A 9 %) 200 R 30 o 370 o 7 R fEL B A BE
S SO PR R RE A, SRR LA g A K T
P T B VR A AR S, 3 i 7E 200,300,400,
500,600 W14 88 75 I it 2l 28R X0F 218K T 4 A i
TP A B Ah B RS 25 min, P02 1 W
CDA TG 1, 25 5 WL IE 4,

& 4 AT, 24 1%% 8 200~400 W B BE I
W CDA T 7 b 8 75 Ik s ) 2 9 388
TSR o 32 B T35 K I 7 i o ) o3 el ok v
T B 22 1 25 7 R T 7 AR T 22 1 23 Akl il
Y58 24 3R h 400~600 W I ifi 5 #4754
TR R X CDA AR SR W48 K, CDA i i
FBHEN, R, BEEE 400 W oRE B A9 %

2) A A B S [R] G MR L CDA (5% i)

R DIE Sk 400 W, VKV 25 F T BF ST AN ] 75
I Ab B () XoF 400 L B 0 CDA Y sg ), &5 51 I
K5,

450

'S
o
o

350
30.0
250
20.0
150 |

100 [

CDA i 71
CDA enzyme activity/U-mL™

50F

0.0
200 300 400 500 600

i 7 Iy

Ultrasonic output power/W
B4 BEAHIIENIKERERL CDA BN
Fig4 The effect of ultrasound output power on the
release of CDA from Rhodococcus sp. 11-3
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A P A B RS ] S 5~35 min B, B WS RT
CDA il 1% 77 Wil 45 8 75 ok b B 3 () %) %8 4 i 34
K, 235 35 min B, CDA g 71363 ok, 2
P Ak B RN E] R 3 35 min 7, CDA % 11 B N
0, X A BB A2 i 8 P 2k i v A 2 9 ) 5 U R

60.0

CDA Bt 11

CDA enzyme activity/U-mL™"

g
(=]

5 15 25 35 45
7 ]
Ultrasonic treatment time/min
5 BAERBEXLIKE R CDA KM
Fig.5 The effect of total working time of ultrasonic

on the release of CDA from Rhodococcus sp. 11-3

FE 400 W, 35 min (875 A B A&, b2
5 SB35 T 49.89% , H. CDA {UREIL T
5.13% , PRI IR 75 30 il B 30 O N 38 FH T 218K
223 EREEMEREALER BRI A YRS e —
Bl FA R 2%, PRk 2 BREE Ab S | 3 1 BLRAL
B R 2 R 3G I, Lo o |k 2 T 23 R N T
1R SR FHER B v 0T 21 BR A R AT 0 B A B 7E R R
PR B 30 Hz B9 4544 T WFEE 0~30 min, 4B Bt
WRORE | B OO I VRO D FL RS 77, %% CDA
RS, S5 SR L 7 iR

&L 7 RTHL, BRE IF R 0~30 min B, 41 Y
% WY L3 W CDA i35 7 Bifi 25 R B8 B 18] i)
FEAC T B HE R, BRIE I [H] 24 30 min B, CDA il
IR B R, M 40.3 U/mL, CDA B FRAL R
6.97%.

224 SPRWEREALIR SPHESR R LA AR AR S )
ZACVE R o FEIX AN SRR 20 RE B S AL A 1)
KB 15 . RS AR T LU K AT iR B W K 3l )
AT 437 A Fe KBS R AR 200 R, DT 08 g 1) g
WOk B B KAk, H PandiHi 18 | /K 3 11 25 4k % T
B T8 o3 2 1] vf i i e A 8, AR IRk FH A
IR LT R 20 ML AT I RE AL B ZE T 185 W,
13 000 r/min %% 3 1) 25 F T 219 0~50 min, 73 B} B¢

W R

3) FEMAL S E T A Ak BT 40 i B i CDA
HISZ 0 7E 400 W, 35 min B A48 75 b 2 4% 1
T, WFFEHXT CDA R 1 052 m 45 R ULE 6,

o
600.0 -
500.0 |
400.0
300.0F

2000

CDA i 71
CDA enzyme activity/U-ml"

100.0

0.0

6 BAEAEIIKE RN CDA KT
Fig.6 The effect of ultrasonic treatment on the release

of CDA from Rhodococcus sp. 11-3

HURE | B0 M I O e LB 7, WLEE CDA
YRR, S5 SR Rl 8 iR

Hr 1l 8 AT AT, A1 BT[] 2 0~50 min B, 4 il
T R R 3 T CDA i 76 1 B 25 50 3% [ 1
FER TR, AIIKEE] R 50 min BF,CDA BTG )
KE K, N 114.1 U/mL, BCR K B 16% , HAE
AL AR IS B RN R 9.18%
2.2.5 AR RE AN VR RS TT LUK 40 i
BRI, T AR AR MG, 3R 5528 ) 20 40 it
BE IR E Y0 B AR vT By Lk B P BB B A,
— 7, BRI, AR 40 M A S R
W o A0 FH R AR LR B R T 78 0 i B K A5 3]
B4 401 A8 6% T 10 000 1/min , 4 °CES L 10 min, HX
L E W, E HR Y CDA BES 7, 45 R LI 9.

HE 9 W LIE IR AW A E G, 1
Wb CDA % 77 B 45 5, B CR ik 5] 45.13%,
LA Ak B o A v i B U AR A iR K
XN 2.03% ., HI5 I J7 WA b W 00T S 2 iR
CDA A,
2.3 WEWEHENLIKERA CDA BN
i
23.1 FmIGVEFIBREAL ey B A e R
ST eI A B R v R B X R ) . X
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[215)

APy A P A7 20 e R R 24 i S Y 3 k5
1t AR5 % H EDTA \TritonX—100 .SDS F1E¢ &
T3 % 21 1R A 4 e A 7 R R A 3 B IE WA 30 C
) FE R 55 5% 30 min, JR7E 4 °C, 12 000 r/min &

L 6000
—
S "\\
o S000 1
E 'E 4000 | [--- ban—m8n|
& 3 3000 [
< g
5 &
© & 2000
[}
=z wo0p =T -
8 T
00 -
0 10 20 30 40 50
R I 1]
Ball milling time/min
B 7 BKEE AL IR AT 8] 3% 03K E R A CDA B %2 1

Fig.7 The effect of ball milling treatment time on the

release of CDA from Rhodococcus sp. 11-3

BESR DLER

CDA fi}i 71
CDA enzyme activity/U-mL™

CDA i1 7

CDA enzyme activity/U-mlL"

B9 WRUEALEIIIKERM CDA W
Fig.9 The effect of liquid nitrogen grinding treatment
on the release of CDA from Rhodococcus sp. 11-3

& 10 7T%0, F EDTA AbBRLTERE 4000, |-
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Effects of Cell Wall Disruption Methods on the Release of Intracellular Chitin Deacetylase
from Rhodococcus sp. 11-3

Xiao Yu', Shi Wenqi®>, Yu Hongwei', Ma Aijin®, Sang Yaxin', Sun Jilu"
(College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, Hebei
College of Food Science and Technology, Hebei Normal University of Science & Technology, Changli 066600, Hebei
*School of Food and Health, Beijing Technology and Business University, Beijing 100048)

Abstract Rhodococcus sp. 11-3 is a high—yielding chitin deacetylase (CDA) strain. The enzyme catalyzes chitin to pro-
duce chitosan, which plays an important role in the green production of chitosan. However, the CDA produced by
Rhodococcus sp. 11-3 is an intracellular enzyme, which has become a major obstacle to the catalytic reaction. In order
to improve the release efficiency of CDA, different physical methods (repeated freezing and thawing, ultrasounding, ball
milling, homogenization and liquid nitrogen grinding), chemical methods (surfactants treatment, chloroform treatment)
and biological method (lysozyme treatment) were used to disrupt the cell wall of Rhodococcus sp. 11-3. The enzyme ac-
tivity and release efficiency of CDA were determined, and the changes of cell morphology was observed by scanning
electron microscope. The results showed that different methods had very different effects on the cell wall breaking. Among
them, liquid nitrogen grinding was the best method. By using it, there were fine holes on the cell surface, the release
efficiency of CDA was 45.13%, and the loss rate of total enzyme activity was 2.03%. Homogenization was next only to
liquid nitrogen grinding, the release efficiency of CDA was 16.00%, and the loss rate of total enzyme activity was
9.18%. Then, Rhodococcus sp. 11-3 cell was treated with homogenization and liquid nitrogen grinding in succession. The
results showed that more and larger pores were produced on the cell surface, the release efficiency of CDA was up to
86.17% , the loss rate of total enzyme activity was 9.11%, and the CDA activity in the supernatant was 480.2 U/mL,
which was 1.48 times higher than that of liquid nitrogen grinding. Therefore, the combined treatment of homogenization
and liquid nitrogen grinding could effectively disrupt the cell wall of Rhodococcus sp. 11-3 and improve the release effi-
ciency of intracellular CDA. The results would promote the application of Rhodococcus sp. 11-3 CDA in the production
of chitosan.

Keywords cell wall disruption method; Rhodococcus; chitin deacetylase; liquid nitrogen grinding; homogenization



