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W OE: AR FILMIEMRE — RIK F oA Bacillus cereus HY-1 69 4 K Aot B i 3t 75 7638 64
BEfRAE e, R TR T R E R S e M AL E A 0 7 ke, AR A A R e A TR AR
AP ARG A R A LI B F A AB R SR F R n ., SREAN: SHERBGIREAT
Gt BAR, BARAKGE R BER, HY. BEDPIRF L, AR FRY B RKFTHEK,
Bk pH LIS &, MEER T TAMEA NS TS 221 gL, AFHREF LK KWK K,
# 1.235 6 mmol/L, & KBk & Vo 4 0.022 6 pmol/(mg'min), BEHER A AFa] A 1 h B, HoEgE7Rx
50 mg/L # 0¥ th iR R 5% 5 7T A 74%, B RANAIA | mL HegiE AR S, £ 20 °C-44 °C
BECE N, B SR IFRAT A TR E M, REERE A 28 °C; f£ pH 5.0-9.0 X 8], FEEILE A
AL R B I E A 8 66% A b, FIE pH A 6.0, H—FAHFHKI, FHRE LA BT BAE K N
Ao pH AL M, 238220 °C~40 °C. pH 4.0-8.0 4954 T, B&E | h MatkHFRGeLE S, %
ALBG R A2 10-70 g/L 69 NaCl R FTARHF 1L h, 1558 H 2 e mf Ay, Aatiiie s B aTE A SRE
4 A SL SR A R LR B AR 1 R R S04, T AR AMEK.

XHEIR: Fakh, HRFRATE, £ RIE, BIRER, K, 18

The growth pattern of the Bacillus cereus HY-1 and the
enzymatic degradation characteristics of
insecticide chlorpyrifos
DUAN Hai-Ming WANG Kai-Yun" ZHU Yu-Kun

(College of Plant Protection, Shandong Agricultural University, Tai’an, Shandong 271018, China)
Abstract: The growth pattern of the bacteria and degradation characteristics of the crude enzyme ex-

tracted from an isolated strain Bacillus cereus HY-1 were approached in the paper. The results showed
that the adaptation period of the bacteria was prolonged by addition of chlorpyrifos and the logarithmic
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phase and stationary phase were also extended against the control. Moreover, the pH of the culture me-
dium increased with the growth of the strain. The results also indicated that the soluble protein of the
crude enzyme was determined with Albumin (bovine serum) as standard protein and the soluble protein
content of the crude enzyme was 2.21 g/L. The K, value and the maximal enzymatic degradation rate
for chlorpyrifos were 1.235 6 mmol/L and 0.022 6 pumol/(mg-min), respectively. The appropriate incu-
bation time for the enzymatic degradation was 1 h. The highest specific activity of the crude enzyme
was gained when the adding volume of the crude enzyme was 1 mL. The crude enzyme activity had op-
timal temperature of 28 °C for the enzymatic degradation of chlorpyrifos, which was still over 78% of
the maximal activity within temperature ranged from 20 °C to 44 °C. The crude enzyme showed com-
paratively greatest enzymatic activity at pH 6, high activity pH ranged from 5 to 9. Furthermore, addi-
tional experimental evidence revealed that the crude enzyme had some extent stability for temperature
and pH. The crude enzyme also degraded chlorpyrifos efficiently while it was dealt with sodium chlo-

ride from 10 g/L to 70 g/L for 1 h.
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I FE A A= A s o) 390 ok 905 5 7 SR S e ) A=
VIR ARAEEWI . fbF ik TCnT Rl
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PE R R R LA A S O HATE
SNEL AN 2 B RERS I M SR AR ML A R AR DT, HE
T 28 ik DA %) 6 i AR R A Ak a2 4 T R AT T Rt
5%, AEE X T B 7 0 WL A TR R 0 AT R GE

F T I ik T 0] 1 R D 75 Ak T A 1 B 3R R, B
Ba S AN E H A P i A W 2k BRI A . R A
B AE AR L7 A X S A T ) TR BB 2 A2 S W AR
A, HLRR RO T s AR 51O
o it T B 75 2 0 I i A P %) I 9l 450y
B, L LA DG EE P WA M AR A R . ¢
T A fifE TG 110 9% ik 1 BB 5 B 05T IR 36 114 O R U R
(B L) 7)) SE PR I FH A B AR B o PRI, AR S X
T30 07 3 ) 199 — AR TS 5 2 25 0 MR A A BRI OIR 2
K5 Bacillus cereus HY-1 $E4T T RSB Y H2 B,
TEJE 1 I35 DR 2R O AH Tl VL 9 i 2 T W5 el 1) BF 9
I Ay 122 ok ik REL G P9 S I FH B (R R S o

1 MESHE

1.1 ksl

111 S E M LIRS = 50 & 215 2 1) — Pk
WPIRZEFRFT IR HY-1 IIF5EXTE, 7€ GenBank /)%
SE5 4 EU915687,

112 & HIEI(95.9%)52h): Il R AL FHIF
Fetn A A FSRAE; Al s, Kl
il RA A

1.1.3 FFE: HEiiRAE(gL): FREF 3.0, K
HEAPR 5.0, BEREE 1.0, E4LEN 5.0, pH 7.0, ATHIIA
1.5% 14 3 B 2 1) A [ 4% 85 % 25k FH 1 81 bk 1) °F A 855
Fro MhTFWEEFRIE(g/L): AR 5.0, BEEEE 5.0,
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KH,PO,4 1.0, pH 7.0, EEER: IR (g/L): HiZbE 6.0,
JE 7 111 2.2, Ko,HPO, 2.0, KH,PO, 0.2, MgSO,4-7H,0
0.1, NaCl 0.1, f{E=ICHIFW 2 mL, pH 7.0, Tt
Jt % ¥ W (g/L): EDTA 2.5, FeSO,7H,O 1.0,
ZnS0,47H,0 5.0, MnSO4H,0 1.0, CuSO45H,0 0.4,
Na,B,0,-10H,0 0.2, Na,MoO,2H,0 0.25.
1.2 E#k HY-1 BI1E5F

ToH S TR R HY-1 3250 330 50 35 55 57
b, AE 33 °C F1EFE 72 h, B2 5T 100 mL
Tl 7 55 F2 vh ) 33 °C. 170 r/min 8555 16 h, ¥
B 3% 4y 09 B R OR) IR IR A R B O HLFE 15 °C
8 000 r/min Z51F FE5.0> 5 min, YCEERE K, ] pH 6.8
) 0.04 mol/L PRER 2% Wi (Na,HPO,-NaH,PO,) ¥k
%3 W, RIGHKREMZEBK RS, R E
W ODgpo=2.0, % 1% (V/V)I4E RS 554:5] 100 mL
KR FRIET, 33 °C, 170 r/min 537 18 h,
1.3 FHEGRATHREL

W 35 374 1 TR AR AR IRLYS VR B0 B 15 °C
8 000 r/min #5.0> 10 min, W E A&, ¥ &M
pH 6.8 1 0.04 mol/L &k 2% vp i (Na,HPO4-
NaH,PO, )% 3 ¥k, FLL 8 000 r/min [1Y 3 J& &0
10 min, K RGN 2 g MR AINAZ] 10 mL #
PR R 28 v P B TR T 0 R R £ 5% vh
b, BT KoK T R S A L A AL 3 10 min,
TRk 280 W, S ABERE 5 s, [HB&E 5 s, SRV
4°C. 10 000 r/min B5.0> 10 min, [52=40 MR 15 1%
it T AFL BV
1.4 MNEFHE

PR N E o SR H R4 - AT UL 43 Ok O B
(UV-2201, HABH)T 600 nm [#5E WK FEE
A

B SR HEGWD B E A B
Bradford AT, LA L3 FH A& A bR ifE &
M, 7 595 nm F#EAT H A

BEALMRR B S . A S, RO
SERA A BERE IR 2 Wk, A 2 RO R
FIFHTEIEMEAE 1=290 nm 72 A7 hb A 48 SRR AIE I8 g 0
M REME, BF— 2038 58 A0 o o0 B T i
7=292 nm ZLMERER ) OD,g,, MRAEFRUEM LT R
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FE G BESE MR B i, AT TR OE R SR Y 2 R
o G ECE TR A R
a
X = (1)

A, X OHLEEAY LIS T [umol/(mg min)]; a:
FE WA 25 BR A (umol); b: RGP S SR B0 B
(mg); ¢: Jz i B[] (min)
1.5 ®RFAE
1.5.1 HHREARSFIEMIRE THEKNEN pH
T #aEE: O A NI 2 S I Tl R R A
Mr B HE3% 72 h B AR RIE] 100 mL A b5 57
e, 33 °C, 170 r/min #5560 h, FL[E] %R 10 h
FH pH IHIE $5 52 0 pH A, [FIETHC 5 mL B LA
15°C. 10 000 r/min #.0> 10 min, %X )5 H] pH 6.8
) 0.04 mol/L RERZ% Ml (Na,HPO,-NaH,PO, )k
YR 3K, P 5 mL %% op il R IR, 2
PRI AE K 5 (ODsoo) o [FVRE B 15 I AE R I s 37
TAGE & 1) FEAE I, (5 22570k 5 43531k 50 mg/L
F1 100 mg/L, 4345 H B AR i A il it 2 i o=
W& pH fHZAR b H
1.5.2 FHESLEFEAMEFE: B3 mL & 50 mg/L #
FEWEAY 0.04 mol/L Na,HPO,-NaH,PO, 2% M, 1E
28 °C KIS 10 min, 22 J5 A TH KL G
1.0mL 2% 1h, FJ 0.5 mL 1.0 mol/L #J HCI & K4
IR, BB 3 R, DAL BB it
M TR TG F1, DK HTE F1oh 100%, HER
LT R 2R Y AR L 3% ) o
1.5.3 SRMEMBANFERNE: I3 mL &C
TR (43 9°h 20,40, 50, 60, 80, 100 A1 150 mg/L)
AL 0.04 mol/L W2 522 vk, pH M 6.8, 7E 28 °C
KV H U 10 min, BT T B A HLER I 1 mL 5B
1 h, J10.5 mL 1.0 mol/L () HCl WL bR R . LA
AHALEERAE R % B8 32 FH Lineweaver-Burk! 1/ ]
T RATRH X 75 PE K QR B Ko R R S 3R
H Vinaxo
1.5.4 A EMRIRIEEGEATHEEGLLE DR Emm: R
1.3 776 BRI P SR IBORL g, 152 8 AN () (AR R A L RV
A9 0.5, 0.7, 1.0, 1.5 F1 2.0 mL, 4530 A 3]
3 mL % 50 mg/L #ALWA 0.04 mol/L Na,HPO,-
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NaH,PO, 22 ik 1 (pH 6.8) )i 1 h, b P E 4 3
U, TR B AS TR R o %o B SRRl G g, LA
K IE TR0 100%, 5 B 400 T AAR X
il LT T

1.5.5 A[REIRE B X F 8 bLiE DB Mm: B3 mL
& 50 mg/L FEAEIAY 0.04 mol/L Na,HPO,-NaH,PO,
2% v (pH 6.8) T 28 °C /KA H Wi 10 min, JIA
AR 1.0 mL, BEE AR AR EIE, 535
20, 40, 60, 80, 100 1 120 min, [R]HFiA AL
BERAE %t B THARORL I LU T, DR LG 1o
100%4fE55: B2 25 AF T A AE X REL g LG TG T -

1.5.6 REXAESLLENAIRME: B3 mL & 50 mg/L
FAEMY 0.04 mol/L Na,HPO,-NaH,PO, %% M
(pH 6.8), 43 %17F 20 °C, 28 °C. 36 °C. 44 °C A
52 °C FY7KIE T 10 min, SRGHNA 1.0 mL Kl E§
W 1 h, [R) BRSO B A Sl %o B 31330 R il
Hoil A, DARcR HOiE 1o 100%4E 5 H e 44 T
FA) R XSS REL B L T T

1.5.7 pH *#HESLLE H AR Fd & e Eh o2 op
W) pHAE % 4. 5,6, 7. 8, 94110, B 3 mL
T 50 mg/L FILM AN pH A 0.04 mol/L
Na,HPO,-NaH,PO, Z& tf i T4, & F 28 °C /K
W 10 min, fIMA 1.0 mL ML SV 1 h, [}
BEAR ML BERAE At BE L AR LIS o, UK
15 7128 100%HESR: H H B 251 T B AR X R LTS 77 o
1.5.8 FHEGRIARRTE M. KRR U R M B 73 R
6 ¥4y, 7¢ pH 6.8 1) 0.04 mol/L Na,HPO,-NaH,PO, 2%
Wb, BT -20°C. 4°C. 28°C. 40°C. 50 °C
F1 60 °C ORI 1 h, D& TR EG LIS T, DAdid
AT ELTE SR 100%4E 5 =g 200 T B AR
FHL EL IS 77 o

1.5.9 #ABSRY pH FREME: KR R0 E B S
K4y, BT, RYE 5.0 mL ZZ P inA
1 g MBI LU, K PR 53 B PR AE pH ol 4. 6.,
8 F1 10 AY 0.04 mol/L Na,HPO,-NaH,PO, Z& ik,
T 7 R 1R i A5 B AR R IR ZE VORI TR 1 h S,
D5 T A ML LU TG T o DAl 1 T I LB TG 1ok
100%, 5 HHHB 451 AR O A T LU TS T
1.5.10 AHEGX S EAM ZE: B3 IR0 0 R R

oy R Ay, BOWUETEIR, HRAE 5.0 mL &bl
JA T g VBRI L], % T8 1R 53 Il 2 77 7E NaCl ik
4 10, 30, 50 F1 70 g/L [ 0.04 mol/L Na,HPO,-
NaH,PO, 22 i 1 (pH 6.8), 7 I 5 15 1) A R
B LE VKA TR BCE 1 h J5 I 5E TR AOM G LT .
DUl 2 NI ERTE F1o8 100%3E 5 e & T
{14 RE X REL S L 3%
1.6 HE\EHMEAE

% H SPSS13.0 {447 ANOVA J5 2 43 Bt
GIEAC R

2 ZR545W0
2.1 HY-1 EAREFIHMIRE THEKNEFE
FFGRY pH LGS

LT AT, YRGS 10 h B, BRI
T ERSEME Y TR AR AR A H G, FE 30 h B R A #
K, BEWHRAERIEARC ., MEemikE N
50 mg/L F1 100 mg/L B}, BRI AL ZAR IR,
TE10h I, WA KER/D, M10hF 200, H
BB, B HIE 40 h A1 50 h BHAE R,
FHEEAEMT HY-1 WA A KA T sIEH, (22

C—0mgl =50 mgL 100 mg/L
—*—0mg/L —A—50 mg/L —&—100 mg/L

3 10
S 9
g 2
g E
g s
o 8 >
g z
B 1
k=)
% 7
—
G}

0 6

t (h)

1 BREARFESZRERETRERKREMIZFRR pH
Tieass

Fig. 1 The growth Kinetics of the bacteria and pH trend of
the culture medium

TE: AR AR AR KA, PRI BRI pH BB .
Note: The column and the curve represent the growth kinetics of
the bacteria and the pH trend of the culture medium, respectively.
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PR A K 8 38 o DA 1) TR 2 R B ] . 528 G IR
FHG, TEARAE A 75 50 0 0 15 95 P A K Y 33 ) 3 9
Ko, XFBOH | RRoE WIUT S LE . B 1T LB
fE 20 h BP A& EIEMEE WM pH N 7.0 =
8.45, 7F 60 h ik %] 9.86.iX FKHH, pH Fifi % B (R 5
FIRE N B F . Y EREAEME AR EE R 50 mg/L F
100 mg/L i, pH AR fk a5 FZs [T BRARL, 5351
TE 50 h 1 60 h B 3K B F1ZS 6 B [R] A9 7K o
22 MG RIAMERSEHEBRKIKEL
K AR K R BRE Vigay N E
LIAS PR 5 07 T SRR 1/ S 785 50 Mk JiE 1 12
B 1/[SIVE Lineweaver-Burk & (& 2), HH\ A K
1 Vaxs BRI —1/Kn, BERHN Ko Vi 2REFHL
it X 75 S WAL KRR fidk 1) K TG B Ko R KR O 3 38
Viaxo HIE 2 I3 HH HZRA XN y=24.711x+0.2, &
y=0, &8 K,=1.235 6 mmol/L; & x=0, K 1%
Vnax=50.00 nmol/min. VA4 LG FH & A b brifE 8 A
FIERR e, 7E9E1 595 nm T Ho@ME, MR
B P AT TR S R 2.21 g/L. IR, HLEE X
B F5e KR it %R 0.022 6 pmol/(mg-min).

9
7 | y=2411%40.2
~ R=0.9939
E
£ s
g /
o,
= 3 F
N
: /
1 L
0.0 | 005 0.15 0.25 035

1/[S] (10° mL/mmol)

2 #HEEAY Lineweaver-Burk
Fig. 2 Lineweaver-Burk plots of the crude enzyme

2.3 AREMAFAFEEE & T AEES LLE 71 B9 20

FE 3 AT 0L, HIRERE A 1 h, HERR AT
0.5 mL 34 % 0.7 mL B, KA LG ) f e K LTG0
59% 5] 96%. MIEF R | mL B, KLEG LGS 736
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B R (P<0.05). BEHE IEERARRU#E— 22 IR, K
g 4 LU ) R A AR B 2 mL PR LU )
TR TG IR 66%. I, “hfi v R fife it A1)
PR, X TR 50 mg/L Y 2EFE A & R
FEFBAAAR D 1 mL

110 ¢
100 | ab
90 | b

70 | # \:
60 t

50 r

Relative specific activity (%)

40

0 0.5 1.0 1.5 2.0 2.5

Enzyme volume (mL)

3 FEAFFREE R A LR T8

Fig. 3 Effect of different volume of crude enzyme on the
specific activity

Bl 2 B 22 54 Duncan Kp 3 [R]— T4k I (HEIR
F1)_E A 2 B A [) 7 4k B R) 22 57 1 35 (P<0.05), FREAR R %
FNAR B A 25 50K B 3 (P>0.05). T IRAL

Note: Data in the graph were tested by Duncan’s test. Data that in

the groph-followed by the same letters was not significantly dif-
ferent at 0.05 level. The same as bellow.

2.4 A[ERE KB B EE S R R0

d 4 v 0L, YRR AR 1 mL, RE
[} 20 min BF, FHEGLLIE i8R, BEA IR R
WK, HLEGRY LLTE 1S N BRI LAY, YRR s
£ 60 min B, FHEGH LG Sk Bl R, MEl 4 0]
VB, LG LGS )72 & A2 20 min F1 60 min
B AHZEAN K (P>0.05), {HIETE 20 min B X 550 Y
BRI 24%, I TELE A )k 60 min B [ fif %
Al3K 74%, Ht, MEIEWHKE N 50 mg/L B,
S REL TV 26 it B AE L1308 B I E) R 60 min
2.5 AELIRE B ELTE a9

m & 5 Al I, JREAE 28 °C B, HLEEXT 50 mg/L
BELME I PR TG fe = o FF 20 °C—44 °C B[N Yy
B PR A A Iy A B A 0 M, JHORE G LU 05 ) DR TE e
L6 T8 78% LA I, 7 T 32 Bl ) Yl B B A 1) 3 7
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P o il e e s i R 2 40 ) REL Bl T 75 2 01 1 o
fifp, UG v e R LU TG ) RS AR, 2
52 °C W, AHLEE LI I ALRE IS B de i LS TR
37%.

a

100t =

S5 ab

z oo ]

% I be be

S 80 t

2 70 t I N

g"; cd

£ 60 |

3 &\é
&~

N
Ju e

0 20 40 60 80 100 120 140

t (min)

El4 EIRE R E X LE 7R R
Fig. 4 Effect of different incubation time on the specific
activity

110

100 |

S 90 f

i

Z 80 f

&

£ 70 |

3

&

260 f

2

E“; 50
40
30

12 20 28 36 44 52 60
Temperature (°C)

5 ARELEEXHEELE DR
Fig. 5 Effect of different temperature on the specific
activity

2.6 A [E pH *EEgLLTE T AR

1l 6 T, pH R AL ) 36 P R i
KL it 55 i 53 E W ) B0 pH {E4 6, 7E pH 5.0-9.0 22
(i) REL i L 3% ) 0 RE DR A 7E S5 LU TR T 66% L I,
Ui DR 1 VR BB 0% 325 1 44 B2 1Y) pH B

120
110
100
90 b
jg i be bc cd
60
50 *
40
30 |
20

+

Relative specific activity (%)

pH

Ele6 A[E pH xiHAELLE DRI
Fig. 6 Effect of different pH value on the specific activity

2.7 FABEIIRE RIS

& 7 AT WL, HLEEZE—20 °C Fil 4 °C WHEAE R K
FasE, AbFR 1 h JEHLEG LG TG AT R A A LG T
98%2e A7 o FHL LU 1% I B % Tk BE 4 T e T R, S TR
JEh 28 °C B, ML LG T R B IS 1
70%ZE 47, 1E 60 °C {54F 1 h B LI S RE 4k 4% i
i LUTE F10 20% 26 45 o T AL T o HEL S P A 52
R, vy UL E AT e R A A M T

a a
100 r =

d

s
L

50 60

Relative specific activity (%)
W
(=}

C
30 ‘ ‘
40

Temperature (°C)

Bl 7 HEBEXRERIWZ T
Fig. 7 The tolerance of the crude enzyme to different tem-
perature

2.8 7HEERY pH 2 E

& 8 A L, 4 pH Jy 6.0 I, LY 0 A il L
TG s, AbEE 1 h SRR B T Y 87%. TE
pH N 4.0 WHEEFHRAE 1 h J5, HEGH IS sk
34%, Ti7E pH & 10.0 IR H4RAF 1 h J5, MG
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TG HIRIE 74%, AT UKL RO Bl S0 55 14 TR 27
BAK(P<0.05), W& 8 1 1) R 458 X0 HH 1l LE 36 07 1 5%
M FE G 70N
29 AN SERTZE

HEL 9 mI 0L, M NN 10 g/L &), HifG
AbFE 1 h BEAESR R ELIE 189 92% (P<0.05), Mk
BHEE N 30 g/L 1 50 g/L i, HLEG HLIE 1 F K2 i
51 LT T8 73% 1 63% o 4 A AL ARk B 3 i £ 70 g/L
A, R EE S oM B EETE IR 48% (P<0.05), A%
55 e B R SR M A AR TG o X Ul I R LA
o T M o

100 ¢ a
COl; 1 ab
80 b
70
60

H

Relativye specific activity (%)

4.0 6.0 8.0 10.0
pH

8 HESXY pH RYTI Z 1%
Fig. 8 The tolerance of the crude enzyme to different pH

100 @
o0 b
80 |
70 | T b
60 E3
U
40 f
30
20 |
10 f
0

Relative specific activity (%)

10 30 50 70

Sodium chloride concentration (g/L)

9 SALHRAKE X RS L E RN
Fig. 9 Effect of the sodium chloride concentration on the
specific activity
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3 ik

YA W B 4 PR I S — B o7 PR AR
RIS ], 3 B A TR] (4 4 L 5 T R Xk A3 4% 178 P o
A G, BB 5 IEoR 1 A KRB 22 030K,
RIS, ez, WS B IAR A H A, AR,
TEIS NN, R EIR N R B2 A 5 TR
figp B AE AL, A figp S DRI 118 3R 8 i A S R RS e i 1) 5
FA, X AR E A T R R TS YL W A e D R
/I, Spain JC il Nishlno SF 255558, A9k
3 3 9 4 R BT e 1) Ak 2 AR RV B
PRI B S e B i RN O AR
AUV T AR 2R M) A vk BE AR W) ) 26 AR, BR AR 138
o7 S99 it S S0 S0 g v 4 e, R AR D 9 94k
JEIIBI N, R A ity ol R AV ) 355 7 30 UK X 9
Singh BK I 2k i #5107 8 i 3 Bt % T YLk
JE T, BRRR AR A 0 3 R B B R Sl T 4
T BR 35 N1, SRS AR W IR AR, 2L AT
T A2 R Ka JO S USHRAE, 3o 1 1R A T AT
LR R 455 4 B B 5] 2,4-D A= 0y 95 fife T 140 355 0 39
Stanlake GJ UM iE, 38 b $2 5 AR AR K ERBE Y pH
(B, 7T DA R T S T e 5 AR 2 R 1 4
T AT 47 S IR ZE AT R HY-1 oA 7 S WAL 385 7
i, T B — L

e e T (L ol ) R0 ) 7 2475 G U ) I 2 AN
T 7K (g A B T A R B VR . il
1R A= 100 3 i 2 — T VS L 8 PR e Al R B A 245k 7R
(147355 o (A AL /K ik Tl (OPH) X 25 58 W4 11 7K A A FH
X T AL L. Cho CM PV HE
i 3 B R A AT K A I O 4R B DA Bl IS 4 ) T L
BCPR T Y W TR AR, T BN R R AR R, (H
JEARSCHRIE Y AL 9 SV B )22 1 h A gk 5
WP AR AR, Wk — 2L BIE T 2R SEMEXE w2 1)
WA AR PE o TR SE MR A i A LR T ARIE Y
A HUBE/K % i (OPH)IA 75 i — L BiE . 1A (5
L 3R A8 A= 8 52 0 1 1 ) 5 A O i 2 A
RYUER), WA MRE S SRR ES . 15 R R YR
JE RN A R IR SRR TR . SRR pH {HSE
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H i N AL AT 56 T RE FE MR A il 5 PR R P R OE R
A RIS, Xu GM SEPURIE MEIER T Paracoccus
sp. TRP H 82 B FL BV AE I B R 35 °C. pH i 8.0
I X 2 B0 10 A A R B v i AR Y D L TR A
J& WZ-T Hr i B i A REL it Y % e 75 50 AL 1) B i ¥R
JE N 40 °C, feil pH N 6.8, ASHFSE MR 25 AT 14
HY-1 H 3 BCA R N 3 355 R 2R 114 96 3R R L iR R 52
BT, WURAE ORI pH A 225 . X n]
RE 5 BRI PR 11 22 57 DA SRR S B MR RS TR A O (U
Y& 4Ry 1k ¥ oA UL F: FE ML A KL S R 04 A O
W, MTEAR 255 Y X A s E a fe v, L
SETERZG b R K g A AL AL B FR AR A (B L
I# 7 Fb ) A it 6 P A A P2 — A A
PEEE K B R AR R 8.7% 54, Fom B E R
ZHRCR A W KT R AL, i Tt
B o IR ZEFAT B HY-1 B =R LB 7E 10-70 g/L
NaCl T, Zb¥E 1 h hRE = SR d st i, J& 1
Tt 6 1 0 R 1) B SR M R A . PRI, R SCIR RIS
SR W AR 2R AR TR (s R i 1) B T 5 Bh PR B R K
W5 Y R A R

4 G

(1) TEUSINEESCIGE 0 Fp 0 RG 75 3 b, AR 2R
FOLAT B A A B o7 B, SR L R B S
HE B R IR R AR B, BRI pH
Bl Z 3K

(2) HERREE R 1 h B, HXF 50 mg/L
FEACM AR R e T3 74%, EURLEE RO A AR
1 mL BSR4 BTG B o DAZR I VR A bR
YR AR R T P B R S i 2.21 g/Ls
ZRL BB A K [CH 4L K, o 1.235 6 mmol/L, fw K[
FRIBR Vipax A 0.022 6 pmol/(mg-min).

(3) ZHLFITE 20 °C—44 °C. pH 5.0-9.0 B #RAE
PR R R f s P, P Gl R R 28 °C, ik
pH 4 6.0, ZHL A HA B i AR 0w AL 5812
() pH & NP o IZHLEEAE 10-70 g/L NaCl ¥R & R &b
1 h A RE R AR B AR, T R AR [ P A
L 4 179 75 S8 W F R A L, L M 2 e i 1Y,

WO — 28T R I RO

2 % X M
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