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H E. 4t -G R854~ Bk (Escherichia coli TRTH) X 84 &= -G R MEFL P LR ?é’] P&, AR AER
RN RIESE T ZARA RN AL LRI EER AL B ackA B tdeD ¥ 7 E LR F 5] ; HiBid S% ackA tdeD M
# 1 W4k TRTHA (TRTH, AackA) .TRTHT (TRTH, AtdcD) . TRTHAT (TRTH, AackA AtdeD) , # f % 58 ackA /4= tdcD
Bk ST -G R AT rn. R AW AB ackA R/Ae tdeD Wik 2 EIF BB ER Y HRAYFAL [-ER
B E ¥ e 2R A ﬁk%‘\e’iﬁx R EeHm; Ak TRTHA #9EHZ R L-& 88~ ¥ & T TRTHT. A A
TRTHAT Eﬁ%ﬁiﬁ%ﬁi P L-E R, AR AW E LR T AR SR A 47.48 g/L . 40.52 g/L F= 15.44% ,
3 TRTH B2 33T 6.03% .7.94% & 7.82% ; Lo fe S RBAR R E A4 1.41 g/L .8.58 g/L, 4 TRTH B4 % 5|
45T 10.19% 425 T 12.15% . & TRTH 5 TRTHAT ¥4kt XA > 47#F4, 5 & A 4k TRTH #grt, TRTHAT &
89 LER A AR AR T 72.78%, &R B A BRARMAR S T 13.13% , L-E RE A MM AL TRTH B4ked 1.74 43,
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Rational Construction of Mutants without Acetate Kinase for
L-Tryptophan Production
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Abstract: To deal with the high concentration of acetate accumulated in L-tryptophan production by using Escherichia coli
TRTH, genes encoded with acetate kinase were analyzed with genomic methods and the results induicate that the complete
sequence of ackA or/and tdcD existed in E. coli TRTH. Three mutants TRTHA (TRTH, AackA) , TRTHT (TRTH,
AtdeD) and TRTHAT (TRTH, AackA AtdcD) were constructed by deleting ackA or/and tdcD, and the effect of ackA or/and
tdeD deletion on L-tryptophan fermentation was investigated. The results indicate that the deletion of ackA or/and tdcD de-
creased the accumulation of acetate, increased the biomass and the production of L-tryptophan, but increased the concentra-
tion of glutamate. The biomass and production of L-tryptophan obtained with TRTHA were higher than those with
TRTHT. Compared with TRTH, the highest biomass (47.48 g/L) , the production of L-tryptophan (40.52 g/L) and the glucose
conversion rate (15.44% ) of TRTHAT increased by 6.03% ,7.94% and 7.82% respectively; the accumulation of ace-
tate (1.41 g/L) and glutamate (8.58 g/L) decreased by 10.19% and increased by 12.15% respectively. Analysis of metabolic
flux distribution of TRTH and TRTHAT indicates that the flux of acetate in TRTHAT was decreased by 72.78% and the flux
of glutamate in TRTHAT was increased by 13.13% compared with TRTH, and the flux of tryptophan biosynthesis of
TRTHAT was 1.74-times of that of TRTH.
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RN G EMSHY N LTEERE —, -G8 RETS  ELRERAAR) Z Y. -6

KRR HEE: 2016-04-29; f&EIHHE: 2016-06-02
BEE&WB.: EREHAU AR (863 1K) ZHT H (2012AA02A703)
EEREA: B (1983—) , B, g, WLEifd; BEESE: B 7, #4%, ningch@tust.edu.cn



+ 16

i P R FH B A sk e i A P e B 3RAS . BRI FF
W (E. coli) 7& A i L0 50 R A5 7™ TR B 1) P 3% 1
Pk, IR E. coli FiFrrh iy EEACHIRI Y, LR
FRE S A AE IR E. coli A B H M1
RN M LR R, KA TS AR
Vg A IR BE TR RLAOKF, AT BRI AR 22T F
HAEBIREE A EY RS -OEmERY. LEE
FRAE I RACES =1, S AR K2 REOC R,
PRI S R A i, AT A RO iR = L2 R ™
013

LA A SR OIS (pra ) 52
PRV (ackA Gmht) A5 LA S DN T R 26 A1 Tl 1 S A L il
B (poxB #ifi) iAW HE L O TR, FEARIEIR £ Mot
Rt e 2. R AT VE 7T B AR 2 e A 2R 55
HER E. coli #LY, pta SRR R E w5 4
TR B R IR, B pra 80 ackA (B4
/0 ORI R | B2 AT A A R ™ P (P9 i
12 AR A FL IR 45 A E i ™. pkR LR
PRAE R pra FER, ATRIRC IR R, I HEE
W HATRE Y LR BFIE R, 2 tdeD

AAMEREER H30% Hol

SR I ELAT IR K LR VARG M , X R A
SR 3R RIE deD TIE 2RI I LT PSR
38 5. 5 ackA HUERRTEVRAHLL , ackA-tdeD XLk
BRI 2 R R B,

AWFSELL E. coli TRTH i % ¥k, Bl
ackA | tdeD FE A, M # T 3 KR Bt K E R
TRTHA (TRTH , AackA) . TRTHT (TRTH , AtdcD) .
TRTHAT (TRTH, AackA AtdeD) , I3f % %< ackA R
tdeD B RIER T KA I R A 7™ L2 R 5%
mi. [, 2347 T Bikk TRTH #1 TRTHAT @R
B RGERACHR ) A TE O

1 RS

1.1 &
L1l A FEEIY

ARG BT AR R R B L 1. Hod,
LR A7 Bk KB 18 (E. coli) TRTH (irpED-
CBA, Tet®, Atand) 1 RHRIEE K2 Tl A 4w il
PR B R AL (P4 TCCC27003) .

®1 EH R

Tab.1 Strains, plasmids and primers

e K Tt
TRTH trpEDCBA, Tet®, AtnaA
— TRTHA TRTH Kk ackA FE[A
TRTHT TRTH 6l rdeD FED
TRTHAT TRTH 5tk ackA il tdeD FEH
pKD46 Amp®, 1 Red-expressing vector
kL pKD3 Cm®, Template vector
pCP20 Amp®,Cm"® , FLP-expressing vector

5-TGTCCCCGGCGAAACAAGCTAAAAAAATTAACAGAACGATTATCCGGCGTTGACATTGAG

ackA Wl LEG 19

CGATTGTGTAGGCTGGAG-3"
5-CGGATCACGCCAAGGCTGACGCTGGTCAGACCGACGCTGGTTCCGGTAGGGATCAG

ackA R TS
ackA %€ LG

219 ackA J5E TS

TAACGGCTGACATGGGAATTAGC-3"

5-TGCCCAGCCACCACAATC-3’

5-GTGGTAGTTTGCGACGAT-3'
5-GTGGGAGAGATCTCACTAAAAACTGGGGATACGCCTTAAATGGCGAAGAAACGGTTTGAG

1deD R LS 1

CGATTGTGTAGGCTGGAG-3"
5" CATCCTGAACATCGTATACAAACTGTTTTAATCCGTAACTCAGGATGAGAAAAGAG

1deD wERE TS 1

tdeD %7€ LIS 1)
1deD %7€ TS 14

TAACGGCTGACATGGGAATTAGC-3'®
5-CGGGCGGACCAAATGATAC-3'
5-AACCCGAACATCCTTGAC-3'

TE: a NRIZGERSABE ackA WIFIIEE P41 b R RILHRIT R FEE tdeD Y[R J5 Fr o).

112 &EME

PCR 1. FLFALASCRIEZ IR 73X, 3218l Bio-Rad
IS 100 S0 L R PR, IR SA Y& TRARA
PR H]; pH FIE A AR, 22 Mettler Toledo ZAH];
SBA-40C RIAEYIME A HTL, ILARA R B 2 P bt

FEIT 5 Agilent 1200 B 55 5800 A 438 R 48, 5%
Agilent Technologies /A Fl ; BioProfile 300A #1224
H AR AP, € E Nova Biomedical 23 ).
113 BAA

LB FEFRdk  2-YT ik fi SOC Higrdk, 2% 3¢
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k9]

FhFREFRIE (g/L) - HAGHE 20, BELREEEY) 7.5,
KH,PO, 1.5, KCl 1.9, (NH,),SO,; 4, MgSO+7H,0
3.15, FeS0,47H,0 0.075 6.

KRBT (g/L) « i bE 10, BERHER) 1,
KH,PO, 1.5, KCl 1.9, (NH,),SO4 4, MgSO47H,0
3.15, FeS0,47H,0 0.075 6.

1.2 Ak
12,1 ARAF 5T LERIEE G ALK R

LLE. coli K-12 MG1655 &% 75T LRI
Mt RE N ackA F tdeD WS4, UL E. coli
TRTH R AR IEST PCR ¥4, JHbf 7L A
FEAIIN 34T ;s FIFH BioEdit #FX AR KA &
HBF S 7885, B Clustal W2 3R, LIS
B JE I EE B 9 SO Ry s AR Ik T 2
HIHXT, e-value 505 Bk 1E-617.

1.2.2 #] Red #F RZR KA A ackA 5 tdeD

FIFH Red B RS il E. coli TRTH HagEH
ackA 5 tdeD , BAREA IR S DL SCHR9).
123 347

M ackA 5 tdeD mEbEAAET, AU B TE ik
Z: L 3CHR[9].

124 57k

AR L0 R I S LSRR 5 A
Wl KAy R B R A= AR S AT BT XN 5 1R L 3.
1R I TR B4 R W FE % FH BioProfile 300A 23/ E .
1.2.5  RHAERS> A B oM

A AR SN TS, B
G e B AR AL R Ry 0, T Wk} o et 1
7, AR R R

TR 2 2210 . FEAR SCrbr, UK % 1R )
BRIR  NER LR M FLRR ) & i, DR e A5 )
25 R SR A G S

PR R e P BT LR R A
D28 AR A B vy R R Ak A
FERVE AW IR iyt

2 HR5WE

21 EBEREBAZENCEHEERIBERE ackA K tdcD
Y BT as R, Bk E. coli TRTH

S RPERIBERR E. coli K-12 MG1655 1 ackA Fl tdeD

FEFH—3. P RZ W, Bk E. coli

TRTH F1 ackA 5 tdeD B9BELPR 51 K FHEAH R 24
LR R HN AL REA> BN 44% F 63% 5 H.Z BRI
Fr A TEYEH DS T ackA 5 tdeD FEH gnhd
YIRS IR H X3k, Rk, AR IER ackA 5 tdeD W]
AR 2 RIS , A R TR 2 iR g2,
2.2 HRAEFEBKIHE

ME SCHR[9], MEBRIEH ackA 5 tdeD, 153 HLK
B ¥k TRTHA (TRTH , AackA) . TRTHT(TRTH ,
AtdeD) . TRTHAT (TRTH, AackA AtdeD) . Y% &
51 ¥ ackA-P3-ackA-P4 . tdcD-P3-tdcD-P4 4 3
TRTHA . TRTHT . TRTHAT, &5 50K 1 & 2 fr
8. AR BEZ: DNAMAN BAEEE TR0 Fe X, 45
RSHENSEARRE, UL, BRI ackA 5%/
il tdeD itk TRTHA . TRTHT, TRTHAT.

M123

1500 bp —
1000 bp——

500 bp ——
250 bp——

M. 1kbp DNA marker; 1. ik TRTHP #9 ackd JEHE PCR =4,
2. EERVMHILEER ackd FEH PCR j=4y; 3. MERHIHIEETY
K& PCR =4y
B 1 EE ackABRKHET
Fig. 1 Identification of the deletion of ackA

M123

M. 1 kbp DNA marker; 1. ##k TRTHP (4 rdeD R PCR =15 2. &
BWEPEILFE B deD FEH PCR j=4); 3. FAEEPUIEILFEHR
PCR 7=
B2 EE tdcDRKRIEE
Fig. 2 Identification of the deletion of tdcD

2.3 BREERE ackA S/ 1D ERAEE L-BSE
FPUR =LAy
23.1 AYTAR @I EKiEE
FE ackA S%/F tdeD SR TRIAR AN MO ZESS 20 1A
(A B TR, T 1) % I I B sl 4 A R e
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. S5EFE TRTH (44.78 g/L) #H I, Bk TRTHA .
TRTHT . TRTHAT W AE¥Y &5 5428 T 3.04% .
2.59% . 6.03% . FIH] TRTHAT Witk & mEA " L0
PR, A i e i A 1) 47.48 o/L (] 3).

50

0~10h 12~40h
—=— —-
20
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Looast
K 40+
E 1o
8 35r —= TRTH
&yl —e— TRTHA
51 ok —4— TRTHT
: —v— TRTHAT
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B [ /h
(a) Al
2.5 r
o {— 18~40h
= 20
—
- 0-~6
- 1.5F
M
= —= TRTH
g 1or -~ TRTHA
= w —2 TRTHT
2 o5t o~ TRTHAT
=
S 20k el o] EAAEme A
0 ., 3 h '-' --------
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i [a)/h
b) A KR
B3 ERSEANBEEEYEREERERNZIG

Fig. 3 Effect of gene deletion on biomass and cell growth
rate

232 L-ERBFEFHLLRIEFE
FERBRRXS LR 5 G B 2 A5
4 Frs. BIE 4 aJHL BRIEN ackA 85/ tdeD
PRRY L2 45 TRk TRTH; BER ackA-
tdeD BURFEPRIY) LR 5 T ackA B tdeD H
Btk , HFERE TRTHA 0 L& & T bk
TRTHT. 7EREWIY], Wik TRTH ) L-GERE K
RS TIREA B ackA s5/F1 tdeD TEEEK; TERGFE
Ja i), BRICILR ackA BN tdeD HRRR) L-OE RS
R TR TRTH. FIFHBERE TRTHAT &R
7E LR, H LR 40.52 g/L, BB R
FRRIE S T 7.94% . L IRA B I RRAR 23 /0 Hoxt
LB A RS ER, W astdm LA mRm)™
B R B L ackA B5/FT tdeD BRI L5
MR R TR e TRTH. 7E6CIEEH ackA | tdeD
Til“*ffiﬁ?ﬁ?ifﬂ LS TR, PR RV BE () 3G hn 25 4
= PEP & AUHFHYFRIAKF- S NADPH ALy &, ]
24 PEP BN i S AR JFA AR BB AR

RE#HEREER H32E Holy

TS LRGSR [, h TARi 2
FHEE MBI ackA | tdeD BRI EA TR SRR
W% T TRTHY.

aof

T 20~40h

] 3sF

I

A 30F

\é&_‘{

it —=— TRTH

g 25 —e— TRTHA

= —a— TRTHT
2 ~v- TRTHAT

0 5 10 1s 20 20 25 m 25 40
Hf [11]/h

(a) j=i

0 10 20 30 40
i [)/h

(b) GRCHAE
B4 EEBREX L-BERFERABIEZRNZIN
Fig. 4 Effect of gene deletion on the production and pro-
duction rate of L-tryptophan

233 LEBBRREREARLESREE

JE R R X 2 R R B2 4 B L B 4 1 5 i)
K5 Frios. S Al 2R ackA /A tdeD Bk
SRR R R, Hkk TRTHAT (2B SN
1.41 g/L, B PE TRTH PR T 10.19% . miBR ALK
ackA BX/F tdeD TEVRI 2R BARGEE VE 2B A, 75
R A R R S R R R 9F B, B bk
TRTHAT [ ZFRFH %51&?%I ackA B, tdeD F{k
RALBMRI. h TR Z R R4, Bk iRl
ackA 5/ tdeD PR AE Y= TR TRTH, HIE
ackA-tdeD e B AR B AR W . GRS SEH
ackA BX/H tdeD TRAR AR LA R SR I T R bk
TRTH, HE#k TRTHAT (R K AR K R ik

TE E. coli W, i BB LT A A SRS
B acs W] B EREAR LR %§&E£Bﬁaﬁa7ﬂ%
FIAEVET, Acs A Z BN Z MR IFTP. T Bk
FH ackA 55/ tdeD HEERRI S BRFR %iiﬁaﬂiﬁ FEAIG
T Acs M7EME, B ackA 50/ tdeD GCTHEIREI S
R FE R AL T bk TRTHY.
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LR R (L)
=

—e— TRTHA
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=
=
w  0.06F
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=
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«%
N —v TRTHAT
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Fig. 5 Effect of gene deletion on the accumulation and

production rate of acetate

234 AARL5S5ZMROREZ

Rk LR SR 2 Xt PRI PR -5 2 2 PR R 34 114 2 i) 4 ]

6 fIr/K.

PR PR A (gL
(=1
=

—a— TRTH
—eo— TRTHA
—4— TRTHT
—v— TRTHAT

AR/ (L)

Hif ]/

(b) A&

6 ERBREAXAEES A SBRRRENZIN

Fig. 6 Effect of gene deletion on the accumulation of py-

ruvate and glutamate

M8 6 TI%1, BEP ackA | tdeD 52k TERE G PR
s SRR B T TRTH. B3 ie s N
il e 1 e s S e T R ). AR TR AR K B B
Pk TRTHAT MINEIRRF Rt 0.23 g/L, S
Pk TRTH B9 1.31 £%; FFk TRTHA )05 iR AN 22
WiE TRk TRTHT 9. HAIE], & kA 2 A AR
ORI, B W 4 R A L R G L TR AR
TRTHAT WA ZIRF R 5N 8.58 g/L, # Mk TRTH
PET 12.15% . BR pra S0 ackA B2 s
AR =4y, W AR | FLRR s AR A R,
A S TR AE A0 AR K B B F AR A AR, 0 LA Rk
AR MAER RS, TR T & s s &
i 3 AV B P Bt SR 1 5 A, 4% 22 R 1 AR 3R o KR
R
235 F AR R BB LR

e DR R 2 X 5 2 AR T PR 3 S B R T Ak R 52
4P 7 R,

:; 10 F —=— TRTH
= —e— TRTHA
2 sl —A— TRTHT
~ 3 ~v— TRTHAT
g ° :
S
£ 2
B

0 1 1 1 1

0 10 20 30 40
i [1)/h

() AT FER AR

30
25 I

20 | =

R AL 31%

10k —=— TRTH
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5k —a— TRTHT
—v— TRTHAT
0 . . . .
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i [11]/h

(b) HEIREL LA
B7 BEESRENEEEEHEERERERELEHZN
Fig.7 Effect of gene deletion on the consumption rate
and conversion rate of glucose
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F tdeD 8 2 TR PR 1Y) A 260 B 3 FE B AR T TR PR
TRTH; Mi3EH ackA B/H tdeD B BAR IR FE 1L
RETHEM TRTH. 78 L-{0 &M X B, HHk
TRTHA . TRTHT . TRTHAT F4 4 % %% 1k %43 51 K
15.12% ., 14.98% . 15.44%, ¥Ji=F B #% TRTH (14.32%) .
M TR AR R, H2 N EEHES S ™Y
FOA B, DB G TR fh 2,
2.3.6 H# TRTH 5 TRTHAT % L—& 282 & %18 1%
KRR A

MEERE TRTH 5 TRTHAT k77 L& FRINE
B AT AL, 7E 28 h J5 Ayt JC W A8 £k, i
BB B A AL T RIS, I K 25 4 (28 ~ 40 h)
(R R . R FLIRR TR s A TR MY
S EE , FFTTH R H AR R, R MATLAB
WA FRI R TRTH 5 TRTHAT KB L%
fRiy, Kl IEH L ERAEY & s A
A AETEDL, ZE RN 8 FrR, 55 N EE R T Bk
TRTHAT A4

Glucose

12.8(20.1 11[1(1(10(1)
Riburose-5-P €———— Glucose-6-P

f105(17.7)\2'3(14)

——— Ribose-5-P  Xylulose-5-P

87.2(79.3)

Fructorse-6-P

6.3(10.3) 1 85.8(76.0)
4.6(7.0) Glyceral-
dehyde-3-P

174.6(158.1)

Glyccral- Scduleptu-
dehyde-3-P lose-7-P

4.6(7.0) Glycerate-3-P e

Frucose-6-P Erythrose-$-P l 163.3(140.8)

. P-Enolpyruate
Shikimaic 8.1(14.1 /- Alanine]
pathway ﬂ‘ l

.3(6.9)
Chorismate Pryuvate ———p Lactate

8.1(14.1) 75% 1 \ 0.400.6) |
Acetyl-CoA Acetate.

Glatamine] ¢ 3110 1) 19.1(5.2)
8.1(14.1) 10.9(0.2
0(18.1)

16. .
1.9(3.2) Gluadmate €==—a-Ketoglutarate Oxaloacetate

L, P-5-Rioribosyl- 128.3(110.1)

pyrophosphate

Serine

8.1(14.1)

l 8.1(14.1)

y

8 AEHEHEHk TRTHS TRTHATH L-BEEK
BREFENRERS S
Fig. 8 Metabolic flux distribution of TRTH and
TRTHAT during the later fermentation period of
L-tryptophan production

R 8 nI%N, 3K ackA BY/AN tdeD e 22
PRRE AR 40 0 . SRk TRTH AH LG, T8 Ak
TRTHAT A4 %1% (EMP) 342 0 B A 1 L AR T
9.06% ; 1 B MR I M (HMP) i 2R wde ™ 7

AAMEREER H30% Hol

57.03% . LM ackA B tdeD BT, SECBRA UL
WAL T 72.78% , A 2 MR A A A I 42

13.13%. Btk TRTHAT H 8 £ PEP Y5 4R 7R e¥
B (B4P) AR HE AR R 4E , i 7 H @
SRA RACHNA . Btk TRTHAT B2 mR4 At
TN 14.1% , ZE R TRTH M 1.74 5. 76 & ¥
TRTHAT ', HMP &R MACIHR 38 in 2425 E4P
AR, IR R L@~ R0 HMP A2t
A P4 S S L e A BT R ) NADPH &
P FEH Bk TRTHAT 1, i PEP &R AR AL
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MR ackA-1deD BB A A L0
MR, Al IR IR R, A5 L™ i Sohil
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FIRME, TN LL E. coli AMFE A7 TR A AR H i)
I AR PR ) S

Sk -

[1] LiuQ, Cheng Y S, Xie X X, et al. Modification of tryp-
tophan transport system and its impact on production of
L-tryptophan in Escherichia coli[J]. Bioresource Tech-
nology, 2012, 114 (2) : 549-554.

[2] Wang J,Cheng L K, Wang J, et al. Genetic engineering
of Escherichia coli to enhance production of L-
tryptophan[J]. Applied Microbiology and Biotechnol-
ogy,2013,97(17) : 7587-7596.

[3] Gosset G. Improvement of Escherichia coli production
strains by modification of the phosphoenolpyruvate :
Sugar phosphotransferase system[J]. Microbial Cell
Factories, 2005, 6(1) : 1-11.

[4] Cheng L K,Wang J,Xu Q Y,et al. Effect of feeding
strategy on L-tryptophan production by recombinant Es-
cherichia coli[J]. Annals of Microbiology , 2012 ,
62(4) : 1625-1634.

[5] Baez-Viveros J L,Flores N,Juarez K, et al. Metabolic
transcription analysis of engineered Escherichia coli
strains that overproduce L-phenylalanine[J]. Microbial
Cell Factories, 2007, 6 (1) : 1-20.

(F4% 25 W)



2017 12 H =

FE, AR BB RIBTE RGP R AT A

« 25

[10]

[11]

enzyme reaction of human preproinsulin for production
of human insulin [J]. Journal of Microbiology & Biotech-
nology, 2015,25(10) : 1742-1750.

Gary W. Therapeutic insulins and their large-scale
manufacture[J]. Applied Microbiology & Biotech-
nology, 2005, 67 (2) : 151-159.

Gurramkonda C, Polez S, Skoko N, et al. Application of
simple fed-batch technique to high-level secretory

production of insulin precursor using Pichia pastoris with

[12]

[13]

[14]

subsequent purification and conversion to human insulin
[J]. Microbial Cell Factories,2010,9(10) : 1598—1605.
N e T 2 A R AT A N B B R R A
R L AMFE[D]. il AR R, 2014,
Tk, 2208, v, 45 JLRN R 05 Rl Tk L
BFE ], P EEEEREsAA, 2004, 27 (6) : 500-502.
Wu S, Zhu Y, Chen S, et al. Progress in fusion tags and
its applications in protein soluble expression[J]. Chemical
Industry & Engineering Progress, 2014, 33 (4) : 993-998.
RERE: A

(B35 20 M)

[6]

(7]

[8]

[9]

[10]

Wang J,Huang J, Shi J M, et al. Fermentation charac-
terization of an L-tryptophan producing Escherichia coli
strain with inactivated phosphotransacetylase[J]. Annals
of Microbiology, 2013, 63 (4) : 1219-1224.

JElin, W], 225, 55, RIBAF A BRHIR I O IR &
IR MR S A R i) D-FLRR ke (I]. %)
TAREHR, 2011,27 (1) : 31-40.

Kumari S, Tishel R, Eisenbach M, et al. Cloning,
characterization and functional expression of acs, the
gene which encodes acetyl coenzyme A synthetase in Es-
cherichia coli[J]. Journal of Bacteriology , 1995,
177(10) : 2878-2886.

wi, R XU, AR pra FERERRY L0 RR K
PR )], fEI#4R, 2011, 51 (4) - 480-487.
Larkin M A, Blackshields G, Brown N P,et al. Clustal

[11]

[12]

[13]

W and clustal X version 2.0[J]. Bioinformatics, 2007,
23(21) :2947-29483.
Zhao C G, Cheng L K, Wang J, et al. Impact of deletion
of the genes encoding acetate kinase on production of L-
tryptophan by Escherichia coli[J]. Annals of Microbiol-
ogy, 2016, 66 (1) :261-269.
Castafio-Cerezo S, Pastor J M, Renilla S, et al. An insight
into the role of phosphotransacetylase (pta) and the ace-
tate/acetyl-CoA node in Escherichia coli[J]. Microbial
Cell Factories, 2009, 8 (1) : 1-19.
Dodge T C, Gerstner J M. Optimization of the glucose
feed rate profile for the production of tryptophan from re-
combinant E. coli[J]. Journal of Chemical Technology
and Biotechnology, 2002, 77 (11) : 1238-1245.
R A4



