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Avanti JXN B ¥ % B O ML, £ B Beckman 2
F) 3 IN-10C 25 200 M A 8450, T 1 2R R 40 0K A= W B
FB A BN 7] XHF-DY 5 3 20 #lge . 7 BB 2
He MR A A BR A W s SHZ-D A6 36k 20 £ FH B 25
BB BHEAL AR B 45 A PR F) 5 Agilent 6890N
AT A 59758 B4, 35 H Agilent 23
DYCZ-24DN &I o 3K A%, b 52 78 — A= W B £ A R
NI
12 HEEFHLENIRI

H 7~14 d B 48R 5 % DSM62840 3} K 729
il B B TR PR 1Y R Rl R R T MYB B
FRFEEP 24 °C (140 r/min IRFHT IR 48 h, H S e
SRR, SR EEZ il ( pH 7.0) BHEE R
Jo PR IR R BRI 7R A oy, AT 3 K. B VR IR
R TR 2 oh il (pH 7.0) . B 10 g WA
(B FE) WM T 100 mL 1928 vh i, 2000 143 1
FALHE 5 min, R 5 40RO 5 IR (1 L
FERBE R 1 KT 8 min) . JE f1 150 MPa,#kJ& 10 000
r/min.4 ‘CE.L> 30 min, B E1E T .
1.3 #rEGEHLEEENNE

KM 8 3% - TR v (GC-MS) ™ ) 52 #7454
FEALEEIE P, Agilent 6890N T A AH (4 REAY , S AH €,
WEAME N HP-5 BAEH (30 m X320 mm X 0.25
pm) s FEF R .40 °C FREZE 3 min, LA 3 °C/min #9
BRI E 160 °C ARHF 2 min, FLL 8 °C/min &
220 C .- 3 min, HEFE IR AL 250 C A8 I 2% 76
i 250 °C,

Agilent 59758 Jit i %, 1% 5% 44 Sy - DU AR KT IR
J B T PR R EE 43 1 R 150 230 °C LR ETAYES
FAL T XL FRER 70 eV, R & El om/x
45~550, i A HLIE (NIST05/WILE7.0) %t o
P T B R AT 5 PR 43 BT SIMPR TR 1R AT 2 A

FIH F 3 532 D 2 AN TR] B a5 Vi BE Y o A il B
Xof o F i TE B L 22 T b o T 2L A5 B R o B
T Y BT S VA R A 2 M O R . I T AR = 348 569 X
Co s —3 000 000, #H5¢ %L 0.990 1, A 47 1L
AARCR, AT T oo T B 8. oy
Copmp T8 o WA BT . mg/ L,

ity 1 I FRAL Y E L E—E SR T L1 h A
1 mg/ LI - i B Ry — AN B G 3 5 (UD
1.4 BEERENEREIET

FE 4 CTF 5 2R FH e i 4 A A 3k il B 4 R A
A5 e AL T A FH 5 1R 6 % ol VR IR AT BRI, A il A 5

T A e 7 A0 A O RN VRO L T B8 T T 1 5 T
MRRZFEKFESE 3 R, ERR R LR F .45
4 Box-Benhnken iR 80 % 1 EH, R =H E =K
S IO T3 AT I o DA TG 0 Sk e R A 25 SRR
(A BERR B (B FRCRE LG (C) X i) 13 A7) 5% il
XoF 4 U A AT AR AL

1.5 HERGHLEETINHR

1) 52 o B[R] X Ay A 0 e Ak Tt 1) TG 955 0 1 5% il
BOMIEGW 1 mL, M A 1 pL P K IRES WA, T
24 °C \140 r/min 28 BN 4.8.12.16.20.24 h J5 .
P[] S5 o B[] T 7 A 0 s £ g 1 0% P PR 9T B
FER B, 4R EE 3 W, R,

2) G WA FR 0T R G R B A T Y TS T 1 5
Wi, AR S 127 v AR A D IR L AN 8 i e
J5, 40 WA FH W 1R £ (PBS) 28 whil . HEPES 2% i i
F Tris-HC 2% W] A7 5 M A A i a2E A7 4 300, BOR
M1 mL, A BN 1 pL MR EIR G5, T
24 °C 140 r/min W 12 h J5 . 005 B 36 11 .

3D VS I o AT A A AT P TS T R, TR
MBI 1 mL, 3 A 1 pL #7881 1 mmol/L
38 00 00 00 43 S0 2 S Bk o TR L R € sk i EDTA
RAE],TF 24 °C 140 r/min B 12 h, I 22 B 55
Ji. AR BEE A AL IR EE 3 K,

4) 43 Ja8 B - X R AR I e AL TS T R SR . 43 i
IR TP PR Ca®" L Mg®" \Mn®" [ Zn®" Co™ ",
Ba’" \Fe?t \Na® K" . Fe!t Ni*'" &4 B T8 K,
SR TUWIE BN 2 A5 mmol/LIRAHA . T
24 °C 140 r/min KR 12 h, U 2 A 16 71, B & AT
N4 T 85 - 2 Ak R 235 SR A R i R (RIS
2H I o AN N 4 e B AR R E A LD .

1.6 HRGHLENRIE

D HEFE Y CO TR . 2% Omura %1
Ml Schenkman 28 ) 7 i, IR HGE 24 &8k, X s
I 5 AL B O RLBE R E AT CO 2R B8 R AE . BUR G
Y151 )5 BB 0.6 mL. ZE R4 AL 2 . A 2 A4~
fi b € 0L e, X R 2 R S 56 20 43 ) g 5 o PR
P20 # P K 400~500 nm AYHELR . 7E P1 F1 P2
IS5 (1 mg) K0 B R S 83 A TR A 3920 BUH
P23l A CO S Gai XU N #84F) J5 /8 30 s B
it sk P1 A1 P2 HHFE L 7E 400~500 nm A9 58 4R i
JEE A HE FRE S AE 450 nm B B O (8 %A AR
A BRI AT 45 0k

2) AW Y SDS-5R P 4 Ik I 58 I FL Tk (SDS-
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PAGE), ZREH"Y Wik, I M6E Yok, i
FHZR SC 1. A7 A A5 30 B 2 e 200 Al 5 2% {2 B2 B Ay
T e AT L A B I . BC R 12 00 19 40 S ST TR
T 4 % 1 Ve A4 g VS VL (e FHY I AN L K L i) R B AR
F Marker FIRE A IIA SFESLIN  RD IR HL Ry 80 V7,
T FE A A% B 3 43 89 e B R 5 HLUR R 100 VL PR BRE
JE.29 2 h KA. BB, % B2 i R250 &
TR 7 G £, 8K T Tk £ 22 8 0 7 53 T, R T BIO-
RAD # & R R 5 R E R,
1.7 HIERER D

I % ¥R Excel 2016 #F 47 % ¥, i
SPSS19.0 Fl Design Expert 8.0 # {4 747 %4k 45 i+
S3HT

2 ERG55MH

21 BEAMEREDRIISTEGELEBNER

1) B . ) Ay A A e AL T TG T 2 el . A
FE T 4 i 5 kLIRS 10 2 1(mL/@) B &5 1
T 25 5% i R 20 A R 0 % i I 0 ) R, 245 S
B 1A Fron. Bl B 0E R 7 0 38, i 05 ) 35 1
hn s 4B 135 3] 100 MPa i, i 1% 73k 3 5 K
{8 5 (HLBE B B B R ) k23l R L PR, Xf

A BE SR A Ry e R R T 4 I R R A0 R L i DY Y B
7 H A G N A R R Ok . G 2R AR s D) i
K I e G 25 R AT e 23 DR R R L AR R PN O R
BRI AT B AL A A s e AL IS ). DR
YEPERE I E 7 h 100 MPa 3 R 38 B,

2) BHAE U BRO A A M  AR TG ) RS2 e . AE
40 MO A% 5% 5 S 150 MPa, R G M 10 ¢ 1(mL/g)
W2 T+ 25 5% i I 200 J6 B 1R k500 Al 0 0 1) 5 i
SELNE 1B PN . B A R OB BE, l TE
B BT EBERE 7 U B )k B s KA B
J 14 IR R B W ) ST R R AR —E VB
Ty G s P A Tt 3% 7 B 4% R S0 i T 1 X AT g
J2 PR kg B8 TR 4 U B B T R L R 7 AT,
Y0 P B AR 0 B AL T L S ARV L B IS D 3k
B B KA . A2 1 I A R KR, Ak S ) A, T R
o F BT I e AL T 5 AR T IR S T BEAIC .
ML BEBEERE 7 BT

3) VBB LU XoF Ay A A e ALl TG ) B S R . AE R
JE 20 MR 4 g R 150 MPa B RE 5 IR . %
FEVRY LU X S 1 p g, 45 R A 1C R . Bl
B WORY L 38 KBNS A T L 15 ¢ 1
(mL/g) W, % 7735 B e KAE s WORE b 4k 23 K, il

50 A
40
22 30}
R =
# g
&g 20
=
=
10F
0
75 100 125 150 175
THEIE S1/MPa Extraction pressure
1001 B 40+ ‘
80
=z = 30
= .z o2
=z 60F = £
R = R =
s s 200
iy E 40F z
= =
= ok = 1ok
0 0
1 3 5 7 9 5:1 10:1 15:1 20:1 25:1

W YRBL Extraction times

PR/ (mTL/g) Ratio of liquid to solid

ABEREIE S B BRI B Co OB EE . A Extraction pressure; B:Extraction times; C:The ratio of liquid to solid.

A 1

EEAMEEHENRIFRGRAENEREZKE

Fig.1 The effects of high pressure cracker on enzyme activity by single factor experiment
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WA TR, MWL 5 ¢ 1(mL/g) B, B 76 77
B AR MR BE AR, — WA B AR R D, B AR
MR AIE Tl e A 7= . 276 % 18 S PRORE L
15 I(mL/@ ¥ A,
22 BIEMREE R E S LB |

IDNCIVAITR AW s g s WA ST S (N AP ey S i
11,454 Box-Benhnken i8G5 TR, R =R £
K 1 T A BT I 5 AT T Ay e A 5 SR
JE 3 CAD (ERE B (B AR EE (OO % i o7 {8 1) 5%
ma, A AR AR . e I T 36 1 PR 2R KO g A {1
RIS 7 B a5 R il Lk 1 Ak 2,

F1 MEERBHEZRMKERBEE

Table 1 Coded factors and levels in quadratic regression

rotational combinational design

K% Factors
KT A B ¢
Levels —~ WJES/MPa B 8 U 4 WAL/ (mL/g)
Extraction Extraction Ratio of liquid
pressure times to solid
—1 75 5 10+ 1
0 100 7 15+ 1
1 125 9 201
F2 MEEBAMREETHAERRER
Table 2 The corresponding results for
response surface experiment
=) .
Nugm{)er A B ¢ Enffffejjtc/t[iiity
1 0 1 —1 31.94
2 0 0 0 68.72
3 1 0 —1 31.60
4 0 0 0 71.59
5 0 0 0 69.03
6 —1 —1 0 26.20
7 —1 0 1 23.38
8 0 1 1 36.02
9 0 0 0 69.88
10 0 —1 1 50.40
11 1 —1 0 47.18
12 0 0 0 73.10
13 1 0 1 29.57
14 —1 0 —1 30.72
15 0 —1 —1 53.54
16 —1 1 0 31.95
17 1 1 0 24.31

2) R 515 AR HE 3 T W E A . N
Design Expert 8.0 {4 X1 3% 3 By %88 247 70 #r »
13 B R 7 CAD B FE IR B (B VOB (O 5 il
R AR Y ="70.46+2.55A —6.64B —
1.05C —7.16AB + 1.33AC +1.8BC — 26.11A% —
11.95B* —15.54C*, BEMRIEERIE 3, & 3
W J7 22 AT 4 SR b W LA P <<0.000 1, 4% &
FHAGIFE X, KA P=0.056 3>>0.05, A~ &
ELOUHRBIHEANGEE., SA PR ESN.R
7 0.986 5, % Ul B 1% A58 A8 55 S PR AR 0 LB B HR AT
AFEH R ZEAFE S BEAER]LB % P {6/hT 0.01,
B R O RORT A A s G T M e i B 3L AR C
VAT 0 P AP (B O X i M T 07 P 1) 5 T ) 3K
FTHREEP<<0.0)KF., FE—EWHEHN,F 4
B R /INAT RSz e 1 4% DR 38 A6 0 T 0% P 1 8% i 4
FHBR S . 98 55 ¢ R AR - B W R B (B) > 1 % 1% )
(A >R (O,

3) W) 37 T P2 BT B B A T2 R E 45 . B R TR
7 R BN RE B 22 T 1% 28 VR X i S T 1
SR UL 2, R 3 MK 2 AT, AB ) P {E /)
T 0.01 . A3 7 5 W R R BAS ELAR T e 3 AR 4%
R 2R Z 1) 238 AR FHARAR /N . AR 452 7 45 3] 7 e 1 42
BUT 25 4k M B B TR f1 102.2 MPa, B BB N
6.38K I B L}y 14.75 + 1 (mL/@) JEM &M TF .,
FrE IS Y 71.63 U, &% Sthrdie e, Btk
J& I T2 S H0M 3 N R 1 100 MPa 5% 6 1K .
WOEHEL 15 = 1(mL/g)  FERBL 2 F T 2647 3 k& ik
5 U L 15 By A5 0 e AL Y 7 2 S ol 71,31
U, 5 F0IAE 43422 30, 18 B [0 504 78 i 4 e e, 0 000
i S T el B i BB A6 s e A Tl 1 4 BB SR AP e e
N ANl 2 o R SR ST S ] K
23 TREELEHMER

1) S0 B ) % A A s e AL S 1 i 2 e Bl
Pl 3 AT, G s o A Tl 0 T B N B TED A 24
BWTREAR L FE 4 h BTG ) B K. 2970 8 h B g IE )
1 2 A5, BONE ] Ry 12,1620 F1 24 h B, #7646
FOBE IS ) G248 T R . 3X T BB H T Bl A RO 5 [E]
FEK P IE I ) 48 I 58 4 T ZE 4K 2 I B ]
PR oA T T ) R R R S 3, kL 7E 12016,
20 F1 24 h IRy AR e A S O A HE ORI 1Y
FEAC. 2 WM prd 2], I 8.12.16.20 Al 24 h
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100 5p
020 000 S 10 0.00 0
Ragy, , Hokyy 1007000 I

A BB T3 FRORE U X B 0 B4 5 T 5 B < SR U BRI LU X S 7 A9 5 W 5 C < AT T 3 R I U BN TG J1 Y SZ A . A Response sur-

face of the effects of extraction power and material-to-liquid ratio on enzyme activity; B:Response surface of the effects of extraction times and liquid

to solid ratio on enzyme activity; C:Response surface of the effects of extraction power and extraction times on enzyme activity.

2 ZXEMERASW
Fig.2 Transactional analysis
x3 ERAFENFESH
Table 3 Analysis of variance in regression equation
J7 22 K R 5 H ¥75 F e P g

Sources of variance Sum of squares Degrees of freedom Mean square F value P value
ML Model 5577.26 9 619.67 56.81 <<0.000 1%~
A 52.07 1 52.02 4.77 0.065 3
B 352.45 1 352.66 32.33 0.000 7~
C 8.89 1 8.89 0.82 0.396 5
AB 204.90 1 204.90 18.78 0.003 4~
AC 7.03 1 7.03 0.64 0.448 4
BC 13.01 1 13.01 1.19 0.311 0
A? 2 869.15 1 2 869.15 263.05 << 0.000 1*~
B? 601.22 1 601.22 55.12 0.000 1~
C? 1 016.66 1 1 016.66 93.21 <<0.000 1"~
PRI Residual 76.35 7 10.91
JAh Lack of fit 62.70 3 20.90 6.12 0.056 3
"2 Error 13.65 4 3.41
B Total 5 653.35 16
R?=0.986 5

Hex, ZR 83, P<<0.05; x x,
(P<<0.05).

FORETS J145 4 b AR HE 22 S 2 0 2 U IS I ] Sy
4 b I o T TR RE S B d R AHL i OB N
6] 4 b 78 LLS BB b nT e 4 h #E 47 SN

2) G iR 2 X AT AR B AL RS PR 20 . el
A TR 5 AR 2R A A O T Al i D I T 5 ) R
Ko BEHEH PBS 2 i B BOFY B0 5% AL i ) il 305

SR . P<<0.01,

Note: * .

significant difference (P <C0.05); very significant difference

J1ik B de R AH, 29 Hofh 2 Fpgg shi 19 2 A, i
HEPES Fl Tris-HCl 2 i W)X #7468 475 4 AL g 1% )
WA 5 HE DN AT e R BT A (R 92 ofo b i
B B R T A A e ATl O P ) A s R R AR
BRI, 25 Rl B R R 28 PR O
Jit (1) RIOR BT
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110
500
400
=2 3000
R =
g %
£ £ 200
100- . ,
04 8 12 16 20 24

FZ W A /h Reaction time

* ARG BRI ] 4 b B A I 7 AR L2 5 3 (P << 0.05),
* represents the significant difference (P <C 0.05) compared with

the sample at reaction time of 4 h.

3 J= Rz B i) 3 A7 AR 0 B AL B iE 1 Y 2
Fig.3 Effect of reaction time on limonene

converting-enzyme activity

300F

[3o3

=3

=
T

G J1/u
Enzyme activity

>
3
7

Tris-HCI PBS
P IAZR Buffer system

HEPES

B4 ZMEEEINTEREZFNEEENZE
Fig.4 Effect of buffer on limonene
converting-enzyme activity

3) WM A MG S AL BE RS R . 3l A3 3
PR BEX Dy 1 mmol/ LB #0550 00 A7 A6 4 % A
it 1) R G il 0% L 25 S LR 4. 2L (A 3 PA50 i
0 S 7 il 0 i A VA 808 410 ) e A 0 T 1 Tl O A
YLWITE P. digitatum DSM62840 H ¥y %5 Ak A7 45
AR o A I B ) G A P, A0 M B R P450 il R AR T
PERITE L, R4 e e T E A0 EDTA J5 ., B
il TR AR W B A A = A L Y
60 %0 » DLW FEFT A M e Ak 0 3 R vh B T 90 K B 4 i
R P450 Fb 3B T RE ¥ b 3 H A B L JF H X A5
A A B B A AL

4) 4 J T T X T AR B A B BRI . A 22 T Y
g AR E T AR EDTA BEW W] 2 M
AT A W e A B AR RES 0  iX AT RE2 T ED-
TA S50 &R e T 855 . B At — 20
GE T R BTN W PR, R 5 A SR
Jin 2 mmol/L & & & F i, HA Fe*™ Xl i 4 A

S By A P P JHG A 1 DD Tl A A D R R 3R
TAERT Horb, Fe? ' Mn®" Fl Co® X il 1 Y 3035 1
ER, IF S A aJE e = H4lm e,
Fe' " BEAE W E HOINEES 1. 580 5 mmol/L 14
Jo B T N X I 9 A R AR T Fe i
{5 8 35 M 00 ) 0 95 L U AR B B R S T R AT S
[) 72 BE A0S /R L X 5 2 mmol /L Vi BE B X il 0

4552 T AH [
R4 FmYRTREEVERLHZ N
Table 4 The effects of additives on limonene biotransformation
wmy AR XS BB / V6
Addtive Relative enzyme activity

%5 4 None 100
FEE P Metyrapone 68.10£6.16
il Ffe M Ketoconazole 64.08+6.79
EDTA 60.54+4.67"

e x ESS ML E S B #F (P<K0.05), Note: * represents a

significant difference from none(P<(0.05).

x5 SEBFINBEEEMELNEN
Table 5 The effects of metalions on limonene biotransformation
ST AR X B / 6
. Relative enzyme activity
Metal ion
2 mmol/L 5 mmol/L
%5 [ None 100 100
Fe?™ 91.01+6.24 75.4149.47"
Fe! 164.544+21.85" 118.97£59.11
Ba® " 112.27+23.09 129.2940.03
Zn*t 152.09+51.17 145.88+58.68
K™ 124.6+10.78 103.24+33.36
Mg?" 119.26+15.93 134.35+12.85
Nat 115.61+13.82 120.39419.20
Mn?* 168.31£57.64 161.88+19.66
Co?™ 163.83+33.65 186.81446.18
Ni?* 139.29+18.07 93.96+16.16
Ca®* 118.2423.75 191.14+52.04

e x ARG EAMIL2ER B (P<<0.05), Note: * represents a
significant difference from none(P<C0.05).
24 CO £Ritig

Rk — 25 B IE P450 il 1 A7 7E AR 3K 50 A A
it HEAT CO W& PR I . AR % P450 B 1) 8 A1 A4 1k
FRAEDT, A 5 TR B CO 23R 063 ip i F
450 nm Kb —FEAE IR g (R Sk IR AR D L B0 A0 Uk
WITEZ ML B h AP AE— D B Tk HaE S CO 45
AMEERIMLZEH., 5 CO 454/ 51 450 nm 4b
7 A A G AT {2658 /0N 33K T i ALl VP R
O P 3 fie B AR B o O — AR B R I B 4k
S CO 2R GRETE 420 nm Ab H BT BH I A 10 g 06
HED AT B2 BT P450 K3 J5 7% 48 S P420,P420 X
5 CO 4A 51 m, I HLAE 420 nm &b 11 W i i
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B, WHERBLE G H Y PASO 73 B 2 40 M Ah R B
Gy RGN X UL WA A Y BORE Y PASO A 43 0 e
R TR B4 P420,

0.011
0.010
0.009

0.008

G Absorbance

0.007

0.006
400

420 440 460

B K/nm Wavelength

480 500
B 5 CO Emtik
Fig.5 CO difference spectra
2.5 #HES® SDS-PAGE H ik o4
TERSRE H J) 100 MPa ¥ 6 U BEHEE 15 ¢ 1
(mL/ ) B Z5 AT $a Ry 162 48 e AL T 3545 1) AL il Ak
it SDS-PAGE MLk G5 R AN 6 fir s, RZ W
LA 20 (4 2 PAS0 B4 F I 2 T 40 ~60 ku''™
WL E 6 ATLVE B, A LA A 8 A
IPARAES TR A 45~ 65 ku, P 3% — 340 10 & 1
A BB 2 A bR BB 98 5% A AT MG 2R N o B Tl B Y H
PR, IR W 28 5 45 1 AR A IS RE A B B 4T Y B R

1:Marker;2: &£ &) Sample.
6 #HEE SDS-PAGE HikE
Fig.6 Sodium dodecyl sulfate-polyacrylamide

gel electrophoresis of crude enzyme
3 W

IR S B AR 50 T A7 A6 M 22 W00 5 A A B o 0 i
BT TSR 22 o AEL I R e B 4 BT 12 40 h ) B A5 0
P e AL R A7 BF 5 09 91 T8 22 52 X 7 A5 0 e A

if AR S o R Yk B L e Ak T R R ) Y AR
200 FE AR 56 b 3R AT K B W A T 4 Y
AR 56 FH v 0 A Ak AT B, 25 SR A5 B 1
S W 5 A8 T o I B 1Y) 0T o U B R 855.75
mg/L, B§i% 1365 71.31 U, 5 & W 1L )5 15
B o-FA T B BT UK E 833,93 mg/L Ml HE .
2.62%0 JTLL BT AENY AR T AN [ Bl BE Ty 3k 6 = H AR
$i7 55 $ BT i 21 3% 10 5% ) & BRI D o 2 5 ik 42
HUBE AR A5 55 72 10 325 il 21 38 H B i, 5 HoAth )y i A
o FE 49 5 7 LA A B K B RO G A A R A
T AR A = . AEHEAT 6 0 T A T A G F 5 i 6T
PEICT AT AL L B I 356 95 it 7% 4 5 s 1% Tl A7
A3 B A Ak B, 3 X TR A e Ak T 1Y) S S 5
DL K il Tl Ak i H B R S,

FERFF G2 M 5 He T3 R A7 A s Al Bl 0% P %) 52 o
KR Tl 5 77 BE A A 7 B4 I S 3 i S B i
JE 7120 175 MPa B & J1 45 1 150 MPa B 5, 3X
5EFEIH IR G-6-PDH % 1 Fifi 1 F1 1 A48
a3 ARTE , Bk 175 MPa i, & i i s 23 % il
T3 B — B WA H R T 175 MPa A1 X JE 7 58 s
A FH T TR 1 200 J6 7 A D T 1 5 o 4T i R 4 e IR B
SR N = DI S N A % ]
0BT BB R b T 2 A A 4 R D A A T 2
JI R R B R T PR e R He ) e R
PRI .

F 5% & 3R, M DA G B8 2R 1) 3 3K 5 BT 1 )
KRN — KR A & B4R B
i FH 0 TR 5 2% i AR A5 1 G O M o U B R R 4
% R AT AR G b AR AP BT L SN R (DR A A A
1 Al A AT — 2 52 W), A3 36 R B A A8 0 B ATl T
PE Bt 2 520 B[] 1) 4iE 4 28 7 B AIK , Agrawal 2600 7
I P o B 7 A o 0 A A R R ) A 5T
B o BT A B [ Al S R — 2D Ak S LA
B ik 7= ), T 8™ R R L RO A A A
A B o T B 1 3 AR L K R AR T R
AH S G T A X AT BB S o vl B G 6 O Ho A 4
A K. & W A 5T R Ak i ) X EE IR T
DSM62840 ¥4 AL Fr 5 M i 7 v o FA I P 7 2 1Y) 5 i
BHAR =8 oMM I EEAE B W) 19 12 h K AR B, b
JETE 24 F1 48 h =i B N 5 AR 25 R A

AR R A I . 408 BT R CO 2R Lk
XA M e AL B TR AT T R D R L FE B SRS
Yy s B B, A0 (5 3 PASO il i R 95 B
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%39 &

o % A A A 1) A W A IR D 31,906, R W]
P. digitatum DSM62840 %44k #7168 Fs A= AL o-#2 I
W 1) il 7T BE 2 — Fh 40 M (2 3R P450., LB 40 (A R
P450 Z R B AN VR AR, T RS N R TG
TR A R LA A M (A R PASO AT THRSEL K
PR 3E SRR i 2% R X P450 A I At 2 5
BTG, CF AN 8 2 P450 £ $2 BOR 5L W A7 e A 1
#H— W57 . Poonsin &Y &I EDTA FE % 4
JERE RS TE PN 2 T EDTA 2 & T 4i 55 R
P T Y% 1 BT Y Ca® TS B0 % 9 AR, AR
b EDTA W& ZF W) 1 A= Wi Ak, Kk, 4 ml
REEHI T EDTA 284G 1 Fr 45 0 5% 4k il 01 15 15 v o
LS E A=A g B o 655 e R e iR
4, Ca*", Mg* . Mn*" | Zn*", Ba®’", Na', K",
Co™" \Fe’" Fl Mn*" %I g A A [ A8 B i 300 VR I, Uk
B X 8 4 B 1 X AT A LR W B A — i AR AR
5 2] DL S e R B R8s 7 i — B AE S
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Optimization of extraction conditions of limonene converting-enzyme and
study on enzymatic properties

ZHANG Yingying, LI Zhi,ZHANG Lulu, LI Xiao,FAN Gang,PENG Zhigian,REN Jingnan, PAN Siyi

College of Food Science and Technology , Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology sMinistry of Education sWuhan 430070,China

Abstract With Penicillium digitatum DSM62840 as the object of research, the extraction condi-
tions of related enzymes in the process of converting limonene to a-terpenol were optimized to obtain
high activity. And limonene converting-enzyme was extracted by high pressure cell crushing method.
Taking the limonene converting-enzyme activity as evaluation indicator,the response surface methodolo-
gy was used to optimize the extraction technology based on single factor test. At the same time, the
properties of limonene converting-enzyme were preliminarily studied. The results showed that the opti-
mum conditions for extracting were as follows: disruption pressure of 100 MPa, crushing times of 6,and
liquid-to material ratio of 15 : 1 (mL/g). Under the conditions, the yield of a-terpenol was 855.75
mg/L,and the enzyme activity was 71.31 U. The optimum conversion time of limonene converting-en-
zyme was 4 h,and the highest enzyme activity was obtained in phosphate buffer. Limonene converting-
enzyme might be cytochrome P450,and different metal ions have different effects on the enzyme: Fe?"
had slight inhibition on the enzyme,while Ca*" ,Mg*" ,Mn*" ,Zn*" ,Co*" ,Ba’" ,Na™ ,K" ,Fe’" and Ni*"
had different activation effects on the enzyme. SDS-PAGE analysis of the crude enzyme solution showed
that the extraction effect could be better under the optimum conditions.

Keywords Penicillium digitatum ; limonene; extraction conditions; biotransformation; limonene
converting-enzyme; response surface optimization; enzyme activity
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