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W E: FRNM 4 LREERE LR T8 SRR BL 4 HALE E. coli M15 (pQTPL) 4k & e A 7= It s TR Iy 417 1
(TPL)FISEMY. ERTFRIEHIRIN 20 o/l #45EA 1.0 g/l B oKIEAE TPL BEGH2 M3 63.1 U/g(HIE). fEUbIbht b, ZifF
R E A KR 30%, 13 B AU EAE 8 h ik 4.78 g/L, l#WE 2 54.6 Ulg, HLt BEZH (A ERHIVAS) /0 R = T 21%
F1 31.6%. KA ISR TT-BR G PERMEL S, w AR R S B 315 g/l RAPHI BRI R pH $=ifl5kms, 76
JRTEERT 8 h #5iH pH 7.04 ¥ 37°C, 8h FKRFEL R 2 ¥ pH 4 8.0, #)E4 30°C, AIHEA R TPL B g iA 2
154.4 Ulg, Ffi TPL gl finbid & 3RIA, Sl T My s PRI BE AT i TPL B 48—

X8F: E.coli M15 (pQTPL); BRI ZLMRES, midbrs
NEHS: 1009-606X(2007)05-0999-05

FESES: Q925 XHEkERIRAD: A

1 W&

7E e % 1.(3,4-Dihydroxyphenyl-L-alanine, L-DOPA)
SN R E R EYTEED T, RN LI 2R
B LA 13 5l 2 €0 22 1) A= A AR 3 20 do s e 170 o o [
FEY), H R VR T A4 A% [ (Parkinson’s disease) (1Y)
EEZA, JEIRIE, HAia it SR R 300 t, BEAT
SEREWA N DR, L-DOPA 155 Sk K4 H 25 4
K. L-DOPA Lt - Mlgiti & i,  BILASRIR 1
VA R AN ), W R L 1% % (Pyridoxal  Phosphate,
PLP) A 4il, r B = IR 2L 1% B (Tyrosine Phenol Lyase,
TPL, E.C. 4.1.99.2) [ E ] N AL & B 14 & ik
L-DOPA (1) CHERE, TPL (MZERRAI. B, i
(10 7. A 1 g R L 4 e 6 DXL R B 4 AR N IR 1T 9 0L,
AR, —SOiF U R AR TREF B TPL M3
Bo B B [A) g 3 P A 2A T8, Foor 45 BVFI I 41 B
343 105 mmol/L (20.7 g/L)[1) L-DOPA 7= %, {H HHI
AN THA R TPL BHEAYG A L-DOPA TlkAL)
.

ARHIEFE = AT R I Bk g T R A
TPL 411 E. coli M15 (pQTPL)™, {H phi T~ T 21 14 44
W SEBARMY, S8 = A F, BRI T L-DOPA fifgik:
AEPE AR R,

AWFFAERT ELHH E. coli M15 (pQTPL)[AEFEAL
WPRFEEAT 0 A (0 SR b, SR R SRS BT T R
WA P TR 248 SR ) = B () s, [R) ISP RIE S T ¥4
S UL RN pH SEEREE 4 A0 BEZH 1R E. coli M15 (pQTPL)
REEA T TPL A5, ZEIEAE B2t T EALR E. coli

It HEA: 2006-12-25, f&[E HER: 2007-03-06

ELWE: ERmBARMII KRR RI(863)3L 4% Wyl H (45 : 2006AA02Z153)

M15 (pQTPL) & &4 7= TPL i hiat, ScBl 1w ifk
RS RN = TPL B AR 28—

2 M5 E

2.1 Ef5IRF

B E. coli M15(pQTPL) HH AT 57 % 44 AR

2E R BRI . FLIR AR5 4  Sigma
AT P, NADH 2 Amresco Al P50, BN HHE RN
AW TREA R = b, HAd K70 2 24 [ =23 Ar 4.
2.2 EFE

PR (g/L): HE AR 10, BERRKE 5, NaCl 10,
RN % £ (Amp) 100 pg/mL, pH 7.0.

RWERTFRAL(Q/L): HIATHE 20, (NH4),S04 3, HH Mk
1, KH,PO, 12.5, MgSO47H,0 1.2, ¥/ 1.5, FLb% 2.3,
B G2 B 5 mL/L, pH 7.0.

WANRE IR (Q/L): %TRE 500 , (NH,),SO,4 35, &
FIfR 15, SRVEMAR A 200 mL.
2.3 EiRS A RAEES
2.3.1 BIKIE

MBS AR} T b4 — PR N Bh 7 85 9% 3£ (20 mL/250
mL 4EE), [EIR 00 100 ug/mL Amp A1 50 pg/mL
H#F 25 (Kana), 37°C F 150 r/min #2EFE 12 h.
2.3.2 R PRI

MBI AR} T b — PR R N Bh 7 55 97 25 (50 mL/250
mL HERH), ARSI 100 pg/mL Amp F1 50 pg/mL
Kana, 37°CF 50 r/min &35 7% 8 h 5, LA 5%(p)#F
HIEN KRR IE. 3.7 L K (Benchtop KLF2000, Hij
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by R W SRR 2 L, WE R 37°C, 4 mol/L
NaOH il pH fH & 7 7.0 247 W0 A& AT 46 7 25 5
10 g/L. KEEREF A (DO)/KEE A 30%, 4IE4E 4
4 30%LL R, BEREEL AR 30 s $2 9 10 r/min LB K
F TS 30%, iR EAE 30 s A 10 r/min

1. Fermentor controller
2. Central PC for physiological state recognition and adaptive control

3. Electronic balance

5. Assistant feeding pump

7,8. Glucose feeding reservoirs
Kl 1 RIS TR R G i

Fig.1 Schematic diagram of the fed-batch cultivation control system

4. Main feeding pump
6. pH adjusting pump
9. Base reservoir

DURRAR A AL S5 e R AR i 3 43 71l oA 900 FH 400
r/min. SR F SR U T 1 — BRI I ) SR s A T 3 0
I, 0 B IR N (T B TR TR Ry 4.5~10.5 h. YR 1%
T DO>30%I0,  JF 4 Im) A5 7R A5 i in 500 g/L i
ZIPRR AR, HZE DO<30%. KRIE4HER: IR ARG A 1 Bt
R
2.4 WAk
i it T (Dry Cell Weight, DCW)Ill5& J51%:2 W3¢
WR[LL]. 0 2 B A FEE P s SR . 3,5~ Al R K M 1 2.
BRI SE : B2 mL RO UEE BRI,
TR PR 22 v e Al I, B S AR S T 12000 r/min
B0 10 min,  HREE WO 00 5 g T

3 BER5W®

3.1 WA EENERE RET A X =EH 2

R WP R 2% 35 v A s T 0 B AR PR X R A A R R il
RN 1 iR, (ERI4 Ml 0~20 g/L JEH A,
A E. coli M15 (pQTPL) /K B /AU & Al TPL B biti
5 B R 5 O RV B (R i S n, M AR
20 g/L I, B4V (3.96 g/L) A /K F-(31.2 Ulg) ik
B AE. ARSI I AR B2 (>20 g/L) W T B 44
A KR B R — R .

T VIEREXMEHEE co// M5 (pQTPL) 4 FNA=E5 89 220

Table 1 Effect of initial glucose concentration on cell growth and TPL production

. Residual glucose (g/L) DCW (g/L) TPL activity (U/g)
Initial glucose (g/L.
glucose (g/L) 2h 4h 10h 4h 10h 2h 6h 10h
10 8.02 2.7 0.5 0.72 2.06 3.40 0 23.6 28.9
20 18.9 8.7 11 0.61 1.89 3.96 0 28.3 31.2
30 27.3 22.9 0.7 0.62 2.16 3.78 0 22.3 25.4
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Yeast extract conc. (g/L) Bran concentration (g/L)

P 2 5 R A DL R T T PR S

Fig.2 Effect of organic nitrogen source on TPL production

3.2 EHRBUETH TPL EFEEM
ERTIIRIIE ORI, A s 7 DR e O e B
TEAEAEK, NI FEERACT TR (U, 31.2 Ulg).
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BRI (ORI . YR . WERER . AREOXS TPL
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JE W FEE R FRomA R e AT Akcdie iy TPL BTG, 7R T T 9T
WEEIG A, TPL B 7K1 Rl H TR A R 2 (0~1.0
o/L) RIS IR N, 48 IR A R 5 2 1.0 g/L IS
TERBIA BB, 7 4 FE SR T, RO FIRERE
B WA A2 1 BA S5t v TS LA AL R, fERR R
VRN 1.0 o/L ORI AT B = 21 63.1 Ulg [K] 2(@)], 5
X RRAL ARSI A EL 3R 5 T 100%. 4R0M, HF— 4wkt
FrHE B IR SR AT IR S A B A 8 v A
3.3 I=HIASEENIT TPL B9521
RIEE AR LT E. coli M15 (pQTPL) 14

AR AT g (R S G 3 oS, A1 AE E AR e 1R 3
HEAMN, KEEEATH 4 I, B K g
K, WEUKFIFRZRE TR, 726 h Bk 0, F8UR
APAHRIEA 3.96 g/L, BG4 40.1 U/Q[E 3(a)]. X
—gE R, EEC AR RSN, WERA
FA AN B S R IR BRI . dEREk
Pt R R KT IE A 2 30%, R IREIEATE 8 h R 1A
WRPEILF) 4.78 g/L, BG4 54.6 U/ 3(b)], Al
FEAAPON FRZH LU e i T 21%F1 36.1%.

24 24
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Fig.3 Effect of dissolved oxygen control on cell growth and TPL activity
3.4 ETEEAEEIAE £ co/i MSEATPL) SFELR St 17— PRI PEAMEL Ty AT A 8. 1 B
i3 DO>30%!f, LL 30 mbL/h [FIEEE [l 35 7% &R 4 i in 500

FIF ELTE E. coli M15 (pQTPL) &2k TPL (1)
IR, YERRRAEKT ) 300%I), A A B A & AT B
6 h BHERS, Bifl J5 v 28K T U BT, A 4n i A= KoF TPL
BN RS2 BH. SR, A58 R AT Gy B V2 o v A P (1 T 25
U 55 3 S5 A A B AR KR A R AR Lk
AU ARV AN TPL WS , 8 A Ik o v SR P o
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Fig.4 Time courses of TPL production in the DO-stat
fed-batch culture

o/l #i%pE S R B, H 5 DO<30%. itk K,
MRBEHATEILL h I, AR AN TPL Bl 23 )ik 31 31.5
g/L F1 66.8 Ulg, H7EA IR 40 g bb Ak KOs R iR 2%
YEFELE 0.35~0.21 2 [A] (/& 4).
3.5 pHFLREXT TPL HIRZ MM

A E. coli M15 (pQTPL)AE K1ty i i J& A1 pH
4y 37°CHI 7.0, 1 TPL 503 K W 44024 30 ‘C A
pH 8.0. W MBI I, KIBEFEAT 2 8 h I 4fl gk A A=K
e, ARG, 7E 0~8 h iR pH 4EkF(E 37°C
7.0, 8 h 5K ER pH 4> 513 4 30°CH18.0, LUHE
SEMLEA pH e I, 45 R A03E 2 R, 4E 8 h JE K pH
{4143 8.0, TPL E§iG7E 9 h ik# g kfl 132.7 Ulg, Lt
FEZH (31.2 UIg)H i T 325%; 7 8 h Ja Kl B Ay 30
C, BEETE 9 h IARNE NME 134.4 Ulg, XIS T
330%, 1 [A) ISR R R pH, RS AR TPL BTG A
154.4 Ulg, LIS T 394%.
3.6 MIEFEHRRIBSE

BARIE FR R4 TPL R B A2 i 2 i 5
P, RWIKWE8 h I A oA 30°C A pH 8.0 451F
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T, K& 9 h TPL T4 3 154.4 Ulg, Jy %) I 4H(31.2 Ulg)
itk f5, TPL

(1) 4.94 f%, UL 4o+ 31.4 g/L.

P 240 L (1 R K 4 (11 6).

& 2 DM ERIZHIpHFLE B I E RIS TR R LR

Table 2 The results of bi-stage pH and temperature control

Item TPL activity (U/g) Cell concentration (g/L) TPL activity increment (%)
The control 31.2 12.3 -
pH change 132.7 17.8 325
Temperature change 134.4 195 330
Both pH and temperature changes 154.4 31.4 394
M 1
35 /j 160 KD
r TO—pg —_
~ 30 —o—TPLactivity 0 O 1140 8 kD 7.0
= I  —A—0D "] o 66.0
\ZJ 25 | ] 120 R 97.0
o r A u - ~
g 200 T\ g ] 100 2 66.0 45.0 mTPL
= i PN 180 <= ! -
§ 151 7'/. ] 2 TPL | 50
c r D—> 7 60 g
8 10+ // /A Jao & 30.0
3 I N B, a ] 4
o 5 Y P o
L o » / 1 “ww 30.0
0+ D D ﬂ o—of 40
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Fig.5 Time-courses of E. coli M15 (pQTPL) growth under
the optimum conditions

4 %2 B

AERGFRIL I 20 /L HIZTHEART 1.0 g/l FKFn]
TG 2 63.1 U/g(4 ). e BbIEht b, difek
P KTk 30%, M RRIMAAUKFEAE 8 h 1451 4.78
o/L, RISk 52.8 Ulg, LT HAL (AT S0 70 il i
T 21%F1 36.1%. KIS It i 1 — BRAPE MR S s
AT R AU LR T 2 315 g/L. EAHE E. coli M15
(PQTPL) & & TPL Bt FE i, BIAA K1 8%3E pH A
7.0, HOEHEH 37°C; i TPL B A i@ pH ok 8.0,
GRS 30°C. RIS R A R A B — 1) pH R
M LA SEEI R AR BE (1) = R TPL B s S (0 48— 7E
XA [ BEFR pH 25t N 40 f A= R TPL Bl A = 16 43
BT nt b, BT PR BRELE R pH #EHIRNS, Bk
P17 8 h 4546 pH 7.0+ YR 37°C; 8 h F LML I} pH
o 8.0, MR 30°C. SEE 4 R W], AN TPL
Mg % L4 pH 7.0 HLE 37 CHIE /T 3.94 1%,
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Enhanced Production of Tyrosine Phenol Lyase by Recombinant E. coli M15 (pQTPL) through
Controlling Nutritional and Environmental Conditions

SHI You!, LIU Li-ming', DUAN Zuo-ying', LI Hua-zhong"?

(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Southern Yangtze University, Wuxi, Jiangsu 214122, China;
2. School of Medicine, Southern Yangtze University, Wuxi, Jiangsu 214122, China)

Abstract: The effects of nutritional and environmental conditions on production of tyrosine phenol lyase (TPL) were investigated in
flask and 4 L fermentor. The optimal concentrations of glucose and corn steep liquor for recombinant strain growth and TPL production
were 20 g/L and 1.0 g/L, respectively. When the level of dissolved oxygen was kept at 30%, a high cell concentration and TPL activity
reached 4.78 g/L and 52.8 U/g (DCW), which were 21% and 36.1% higher than those without dissolved oxygen control, respectively.
The cell concentration reached 31.5 g/L when the strategies of dissolved oxygen feedback regulation and restrictive supplement of
nutrients were used. By using a bi-stage pH and temperature control strategy, in which pH value and temperature were controlled at 7.0
and 37°C in the first 8 h and then switched to pH 8.0 and 30°C, a high cell concentration and high TPL activity [154.4 U/g (DCW)] were
achieved.

Key words: E. coli M15 (pQTPL); tyrosine phenol lyase; high-efficiency production



