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(D) #5555

LB #5374 (g/1L) : NaCl 10. 0, & A ¥ 10. 0,
BEREAY 5.05pH 7. 0.

MR 5T R 3R (g/L): (NH,),SO, 1.0,
MgSO, * 7H,0 0. 5,KH,PO, 1. 0, % % #% 10. 0;
pH H4X.

(2) FLHALAS

S R A S E A . ZHWY-2102C 16 37 #%
PR CEVE 30 5 Avanti™ J-30 Y i o I R % R 25
DO HL(EE Beckman) , SK-1 B 3 1R 57 28 CH
E4) , SIL-20 A B = 850 AH A 35 A CH AR 5 3.
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(M4t . (3) Penicillium sp. QQ Wt

A 548 F 1 28 w1 W - 50 mmol/L Tris-
HCl ZZ W (pH 7. 2).
1.2 285k
1.2.1 HHhFH

(XM T H BphAB (o, B R F7

B R Dyella ginsengisoli LA-4 F)IEH F
Bf bphAB F A KIGFFE E. coli BL21 H, i 44
AL TR B BphAB (. B 200 pL R 77 F
—80 C WAL TR & A, N A 25 mL JCW LB
R Eh (JEE 34 mg/L), THEKF (30 C;
150 r/min) & E 12 h, £ H. B2 mL &1L
Fom A 100 mL K LB ¥ 3% (W% &R
34 mg/L), THEE T (37 °C; 150 r/min) ¥ 3 &
ODspo= 0. 4~0. 6, il A 100 pL ¥ FEH 500
mmol/L # IPTG, k2285 35 2 ODgoo = 1. 0, B >
WA BE K (8 000 r/min; 5 min) 75 3] (14 4K IS 44 g
B 7E T —80 C kA h 4 H1.

(2) Penicillium sp. QQ Hy¥:37

B4 CHRAEW) Penicillium sp. QQ 1T, %
HIE AL 24 by A JE B & B K R A T R
(ODsoo=0.3) . B 2 mL T & H A 100 mL ¢
R THEFRES, & THIKT G0 C; 150 r/min)
s d Um0 pH= 7.2 1
Tris-HCL 22 thifs i gk 3 3k , K 1 4% H1.
1.2.2 B &AL 4m e ad ) &

(1) 7 3 R B A 3

¥ 20 mL RS EOCN 6 96 11496 B 1R A i A
fift, SRR 1% K CaCl, IR 121 CK
B 20 min. 2 HIE 30 CLEA . S REBIERN T
TR TR B (ODsoo = 3. 05 T BT iE 890 mg/L)IRA
BI5), 8 8 3 96 1 T i TR -k IR TR TR R A
F 10 mL 25k T 1 B FH 1 S 2 B0 o TR A VA
B A CaCly ¥ W . ¥ 1 45 45 1Y /N Bk B T
FPEPEAS LHERE 1 h R BB E 4 °C kA Bk
12 h J& , TG T 22 s v v o 3 3k KB 45 .

(2)PVA-H,;BO, {3

B4 g PVA IIPGAE T 20 mL 8 7k, 24
121 CERKIE 20 min J5 , B HE 45~50 C, il
ORI 5 [R] A U TR B (ODso = 3. 05 T i i
890 mg/IDWRAG I FE A1 H 10 mL K # 1)
< FH VR 45 BUE HIR G W B A HaBO, 1R
W A NER T 4 CCUKAR TP ACER 12 h R,
JFH G B 2% s T vh vk 3 ik L £ .

W KAL) Penicillium sp. QQ, &
T 20 mL P T2 18 & & (ODgoo = 3. 05 T 51
890 mg/L) WL Fft 12 h, 205 g 2 L &5 H.
1.2.3 B &Aimppstiee B & n i E
L AN A 100 mL 28 vh W b (R B 0. 4 90)
JA 100 mg/L 5| W i3 30 5N, #F #E B i & T 4%
RH (30 °C 5 150 r/min)#44k 12 h, HEf 2 h BUEE
1 mL, 2 =50 B bt 2 BUS . ) &5 2000 A 103 A6
e Wh v B . B AR B BphAB o, 7 52 ¥ AL 3
DB 1. AR R SE s SN 6 h e, FHZ A ik
25 5NV FHT A G| Ve R A HEAT R — AR R
. G A AR R S A B F 4 B NADH B
Az o Ay 2 R O SUMN AR e A A s e B A L G
B R AL L A5 3 A 0 S AR el 0. 400, 7
A ST - A2 TF A0 A B R e W hE Ol 45, 52
mg/ L.
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Fig.1 Sketch map of the production of indigo

by recombinant biphenyl dioxygenase
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Fig. 2  Effects of different kinds of immobilization

on indigo production

3 5k [ 5E 9 BphAB (., 35 7T LK 5] W e
b h i i JFC b R R B 3R 3k T DL R e E A
B TR A BT B B 5 T L T A R AR R A A
WCOR 25 H BUHE 05 Bl T A BT i B 4. 53 8b L 9
IR, ) T8 o 3 ] ) TR A A | W B 5 O 1
R RS BE W B S % RN 6 h S TR
FRRITER 00 B R VL A i 7 i OR B e KM,
WA E 49 9.0 F16. 9 mg/L, G5 S0 I a] Y
Ak HERS , A I i T 32 T 0 M. R N RRUE 1Y)
PRI BT 2 58 T 28 0P A R R I B 1 i
T T B o ik, TR R B EE R BE WS - B TE 6 h S
IR BN AR AR, {H H 8 W 7 o IR T At 7 b oy
25 HATY SR AFTE TR U I P 8 %) I 42, DR I 0 e
WE 7 e I TR O R A 38k R AT T — 2B IS
2.2 ATHLEE N 6l AL 2 00 55

b SCRR B v o R N 3 A [ Ak 4 B EROAR
AT LSl YR 35 77 00 AN Bk W B 1) T A, B A S5 B ik
RPN B T 53 A — A T B ) B W Y A B
P B 5 B TR 0 53 i A i D R) R, A B 5 A [
LA H e A g e il S T B WL K AR & L fiff
A I E R AT LA R I A ORI AA R A HILAE
PRRE A4 2% DXL T A3 e 0 A A, 980/ e VAR BEE IS )

K7t i A o 00 75 VR 4R e 7 o A
732 I8 T A e A B B 5 R T R A
TR R 25 4 i Ak 4 R 1 26 0 e AR F 5% 8 i R
A4 R T ) A2 1R 3R M i e T A 4 s Ak
I R v R B LR [ A 1 TCHRGE .

A HLAR I ) 0 3 R R A N %R R O B A
T A LT LA . B AR B M (R Y
N log P=>4 [ BLEE 7 X6 6 43 A= 0 40 i
JEREPEOD) A R A G B R B R 4 7 4 i
ROMRHE DL R AW R T 3 R AT HLIA T
1S BE IR 28t L 1E - b 43 I 58 L i K A
Rz COLIEL 3). 5 SR 2B, LUIE + ke A5 Bl
R B A A 2 e 7 i e v, IOBE 6 h R Y e
WERIRE 11, 9 mg/L. iZ K & A %G5 T AW
RS 25 vl i 1 0 A O B4, DA 66 e 7 A
TR

(a) A HLE A4 1

14
12t
10Ff

I

3 4
2t AR
ol o FAHLHDAAR

(I) 2I 4 6 8 1I0
t/h
(b) A AL TR0 5 3 7 149 52 )
A3 ANEANNAFERLELAHESEN D H
Fig. 3 Choose of the organic solvents and the effect

on indigo production
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Fig. 4 Effects of mass fraction of SA and CaCl, on

indigo production
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Fig. 5 The effects of organic solvents ratio and

indole concentration on indigo production
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Research on characteristics of biotransformation of indigo

by immobilized whole cell expressing biphenyl dioxygenase in biphasic system

QU VYuan-yuan®, XU Bing-wen, CONG Pei, WU Ying-ge,
ZHU Dan, MA Qiao, ZHANG Xu-wang, ZHOU Ji-ti

( Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education,
Dalian University of Technology, Dalian 116024, China )

Abstract: The extraction of indigo is delayed due to the adsorption of indigo by the free whole cell,
which is one of the major difficulties during the biotransformation of indigo. Three immobilization
methods are used, and sodium alginate immobilization method obtains the best results. The
immobilized cell can be repeatedly used for two times in a biphasic system under the optimum
immobilization condition:3.5% sodium alginate, 1% CaCl,, and the indigo production is 15. 9 mg/L
after 6 h of the first transformation. Besides, the indigo decomposition can be avoided by the biphasic
system with 40% dodecane as the optimal organic phase. The optimum indole tolerance concentration

is 400 mg/L, and the productivity of indigo is 0. 28 mg/mg.

Key words: biphenyl dioxygenase; gene engineering bacteria; indigo; sodium alginate; biphasic

system



