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KW AF W7 A2 TR W i AR AT W 2%, — 2 12 N i
M2 S AL B R FE T B2 th T A R 77 A R (PoxB ik
F) ABTE RN FF 5 o 0 Bl 1 05 PR ARG, S 2 RL AR
KAk B LR 5 53— 4% % A5 W TR e £ Wt ik I R & TR UK
B HT T ¥ & Bt CoA §% 4kl & TR (Pra-Ack &
) XK AT R R E AR Hodh
pta & K g 0% ) B TR $% £ Wk B§ ( Phosphate
transacetylase , PTA ) & iZ i 18 W ) JC R T . A SC L
E. coli TRTH Jg it & 5 , I Red T4 R % pta
FEH M 2 pta BJAR E. coli TRTHApta , 70138 T
pra ff 2R XT 20 i A T -8 S R K I8 T 5 I

LR

1.1 ##

1.1.1 Bk A1 G Ki: E. coli TRTH/pSV-709
(trpEDCBA) \E. coli DHS o, Rt RFH K22 Tl A
P G R R 8 % 4 it 5 UKL pMDI8-T vector Ty { K i
FAEYTERARAA,

L1.2 514 .pKD3 &4 &8 Ryt i, HAEbiM
R BMA FRT {7 25,78 Red T4 RS AR AT
Fric i . A4 GenBank #2 fit i) E. coli K-12
W3110 ZEH P HIE B, & i & A 56 bp [FEE 1 —
XEEZATER G4 P1 P2 (RIH 4 A ) , T
ML pKD3 | PCR 43 ! & 47 54 % R Hitk ) FRT
DR R R R B 7E K AT 18 e (848 pra 5 1R TR]
FA XA, 51 Y P3 P4 T A I EE A S
o P1:5-GCTGGCGGTGCTGTTTTGTAACCCGCCA
AATCGGCGGTAACGAAAGAGGATAAACCTTGAGCG
ATTGTGTAGGCTGGAG-3"; P2:5'-TAGTGATTATTTC
CGGTTCAGATATCCGCAGCGCAAAGCTGCGGATGA
TGACGAGA TAACGGCTGACATGGGAATTAGC -3
P3. 5'-GTTTCGGCAAATCTGGTTTCATC-3'; P4; 5'-
TGGT AAGTATGCAAAGTGGGATGG-3'

113 FZL ) AL AT : Tag DNA 54 i | BRI 7
PN T I TR AR ) TR A FR 2\ PCR 519
e B R A R A A G G 1 kb marker
Fermentas 73 & 77 ity ; L-FlRLAFOBE W B R 3 ) B 4%
K EATBR 2 F] s DNA R B [l ik 7 & L3 P 41 DNA
{4 B & TR /N R P i G ) & T e
R IB PR R BH A B 7] 5 TPTG | X-gal |5 141 i L &
THER AER WA RW T K E A HE

IR EERE RS S Oxoid 28 W) 7= i 5 AR 2 oy |1 7=
Ay Hr 4, MicroPulser Electroporator I H Bio-Rad 2y
Ao

1L.1.4 355 DLB 3R L, @2-YT i ik, ®
SOC ¥ Fe bt , @Fh 715 Fo 0k, @ K B 2 0k . Hh @
QORFENZSE LH[6], DO S % X
BRL1].

1.2 PCR FEHH &

PLBUKL pKD3 g #idi , P1 P2 51 ¥), #E47 PCR
PG, BN A A 95°C TR P 3 min, 94°C 4B
1 min,55°C & k 30 s,72°C ZEAf 1 min, 30 7§ 3,
72°C LA 10 min, ] Dpn I fEfE ] PCR ™4, I K¢
Dpn 1 fE R B9 PCR 7= ¥y H £ B2 TUVETE BEAT InDIL
1.3 &% pKD46 B R Z MM H H &

pKDA46 & A7 i B U A 1 52 il S 41 oriR101 , 78
30°C HE SR AT LLIE & A2 1, i 7 37°C i 2 A 3 &
Ko T8 pKD46 [id & A 32 P, )8 8 7 W R exo
bet .gam FE[H , EATE A L-FHr A0 75 5 R 5k, F #5
RN B R PRI AR N AR il . PRICE AT
pKD46 () E. coli TRTH B E T 5 mL 2-YT WK 1S
FRHEP,30CH F7 12 h, B4 2 mL 3 B3 557 (9 1 iR
£ 100 mL 2-YT B R (AN HEHERWIKE N
100 pg/mL) ,30°C i % F 0D, =0.2 —0. 3 B, fiI A
L-Baf 37 AF B (28 9 B 100 mmol/L) , 4k 25 £ 3¢ &
0Dy, =0.5 - 0.6, 7543 %3k pKD46 ik I 1) Exo.
Bet Fil Gam 3 NEH B WK T 4°C 14,9500 x g,
4°CE L 10 min, F FE, B0 1 10% H vk ik 3
W, H BT 600 pl 10% H i, &4 50 pl 7r %,
-80CIRAT .

1.4 HBEH4L

K WU 51 9 14 1 S 8 R DT vE SR I i B K
TN MR A, T 1800 V,25 wF,200 Q &1 T
dr i EREMA 1 mL SOC £ 33,120 r/min,
JICHEF 1 -2 h ZREATHTAAE R
(25 wg/mL) HTPE R i L, 0 2 B % 46 1o
L5 fiEEK pCP20 FHIHHE R

1 pCP20 ML A& W B R PUIEM E 4 7,37C
IR 1 h A TREREE R (100 wg/mL) fHEF A
Lo MY E 519 P3 P4 X AL T T R 7 PCR,
Hg 0 18 B A B B AL TR T LB B 3R B b, 42°C
IR AL B WA BRI T E SR
ORI, Bk Xof 52055 R U AN vw B, 25 3 Bk Bk
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pCP20 11 5 2 TR bk o
1.6 EMRABEEZERILSEXHL],
1.7 S#FEE

PR A AR W TR AR L A A R B R
-8R & W E WS % SOk O K FLIR
J& % A BioProfile 300A Nova ( Z£ [E Nova Biomedical
28 ) A AR 3 A A S 5 T IR R K B B TR 2 B SR
07 JREAT 0 5 AR U 1 8 A A ) o 7 R AR O
it 5E 2 WL SCHk (8 - 91, ) MATLAB %k {4
linprog bR R A5 AR I 3 A1 o

2 X

2.1 pta EEREKRPEE

PLBURL pKD3 it , PL P2 S 514, 97 4 H
Ui 55 pra FP R T A0 [ U bR Oy R R Bk
M9 Beo BT BG Y bl () PR - R P -
R RV R DNA 5 BEHL B A S A IOk pKD46 1Y
E. coli TRTH E&Z &AM ,37CEH 1 -2 h, i
TRERYUE V. % E S Y P3 P4 X 54k
F TR V% PCR, ik FHE B o pra FEH K
h 2488 bp, MM 58 5 R HUbE 2L K A K By 1397 bp,

pCP20 & A7 i B2 SRR 11 52 1 A A, [ I A A
AR ERRMAERIUE. pCP20 E&AH B
fiti & #H W% ( Flippase recombination enzyme, FLP) 3t
JFLP SEAIEGPT LL Y5 FRT i s 254, € FLP H 4
fitg ) VE T FRT 37 i B B & A [m) P50 E 20, DT B
— A FRT {5 58 S po k2L, 8 4l FLP 7E 42°C B 75
FARIR [A] B BRI R o o BORE pCP20 HL %
AGTHAGERYPENEHT,37CEI 1 -2 h, 74T
ANHEHRIER L, % ETIY P3 P4 Xf
Fe Al 7 HEAT R 7% PCR, K 0 18 21 1) B A4 5% Ak 7 52 b
T LB By Fe ke rh  42°C ik e 8 %, 2 R 2y B, x
A BT VR AT SR R A PP R I, Pk xSl R
TR e e, 19 BTH BR BORL pCP20 M4 Bk E. coli
TRTHApta, ¥ T E. coli TRTHApta 1# J1] % &
514 P3 P4 P58 H i PCR 7= 40 22 1 303 1 =10
WPy 45 2R 22 DNAMAN BAF 3R 47 77 0% L, 5 B —
5, xRN 2 RNFER E. coli TRTHApta 5t
2.2 E. coli TRTH Apta KB4 7 L-B S

15 30 L H h¥5 il A We i b 3EAT o e kbR A T
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1 E. coli TRTH } H pta §R55#k & B 13 12 # 4%
Fig. 1 The curve of L-tryptophan fermentation of E. coli TRTH and

its pta mutant. A: Growth curve of E. coli TRTH and its pia
mutant. B: L-tryptophan production curve of E. coli TRTH and its
pta mutant. Filled symbols represent E. coli TRTH, open symbols
represent E. coli TRTHApta. Experiments were performed three
times, and data were presented as the mean + SD. The same as

below.

L AT, B rh L E. coli TRTH J
pra SRR BRAERT BUE KA 35 25 7 o TEXRT B
KIHWII , E. coli TRTH 3 AL, 7 PR K V42 5 5
XPECAE K S pra 5378 R 04 L0 AR K 3R i L
MR, AR G A, PR B 24 h 5L E. coli
TRTH A AR 0, MR pra Bl 2S Bk 09 He AR K
SR ™ R B AR B T R (BT DL — o R
W, 5 E. coli TRTH Mt , pra 5875 fk K Wl 72 v
XA R AT, X B8 AR I b S I OR R v T L
AR AL 7 R A B K pra SRR AR AR R
A LR o Bl 1 52. 7% F 46. 8% .
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2.3 E. coli TRTHApta X B3 EhEHBHRE
FI R AR5 2% E. coli TRTH J2 H: pta Ht
PR & WEW G A HLER 4L E AT 20 B, S5 SR an &l 2 i

151 5
A
12 F 14
s | 5
ol
=T 132
:“:c; | —o— Acetate g
] —v¥— Acetate 8
g 6F . 1, 8
Rt Succinate 2 §
r Succinate 5

B 1.5
4 /h

~ /] M\Z 1.0
33 1| a
s )
&2 E
< / f | —o— Lactate 40.5 2
S
g eo— Lactate &
1k —a— Pyruvate N

—4— Pyruvate

E 2 E. coli TRTH R H pta Rk Ak BEF L-B &
BiIEFEINEBRHNER

Fig. 2 Accumulation of organic acid during L-tryptophan

fermentation of E. coli TRTH and its pta mutant. A. Acetate and
succinate production curve of E. coli TRTH and its pta mutant. B
Lactate and pyruvate production curve of E. coli TRTH and its pta

mutant.

m & 2 AT, E. coli TRTH %24 7= L-f6 4 ik
AT, RAMN 2 h H IR O, A A K
R K, MM B, 7E 18 h ik B i KE
12.6 g/L,18 h J5#B 43 £ R w 4 1 R , W B A e
TR pra BRERBERZIN 6 h A IR 4 £ 2,20 h
KR KME 2.5 ¢/L ALK 19.5% b /5 &
T2 i R AR, 26 h J5 R BE R R LT R A B 2

E. coli TRTH 7£ 44k e ik /2 vp LR 1) R ALK
JEARAR, fiems HA 0.4 ¢/Lspra BRIERM 8 h I 47 7
AFLIR L 18 h ik B KAH 4.5 /L, Bl 3L R # i 2k
THFE 24 h J5 & TR b AR K I 3 2L R

2.4 E. coli TRTH Apta %32 h B FiREHH

#) FH BioProfile 300A Nova 2 &%t /5 ¥ %} E.
coli TRTH J H: pra Gt 23 ¥k K e A= 7= L-€0 2 R o 72
HPO;™ ,Na™ K™ NH, B§F A7 600, 25 R e 3
J7R

I 3 0] LU Y, pra i 2% bR & 1 o b NHY
R EEAL T o6k, e R 120, 4 mmol/L, FEAK
T 33.2% , E. coli TRTH K H: pta 2% bk & B it 72
HiNa® K™l PO &7 i BREUKIE LI B2 5,
2.5 pta BEFRERED M

30 L AL BERE L-0 2R K Wl a5 R o,
26 h LG WA E 2 A U A0, A IS 40 i Ak
TR I B i 4t P & 60 o ] AR 4 38 4k T
PIARAS, Bk 28 A s R oy 0 AR i AR 1 2% LA
Ko 520 SO Ak 2 1 g P A o AR SR R
HREWE T, NFR1FTLEHN, T BRECH 20, K A%
25, 7AW EE R S, BRI AE 5 AN 07 Al A o
P &8 T R R A S L . 43I E E. coli TRTH J%
H pra Bl 2R MR K I 3 (26 - 30 h) & R P 4
R WE L- 2R LR LR SN =R ) M AP vk B L T
B4 A IHFES R R, A H] MATLAB /4 /]
R E. coli TRTH J I pra S B % e v 5 014X 354
TR A A E 4 R
B4 AT LLUE Y, pra SR bR L-08 2008 & i 72 1 AR
BRI T 7.0% o Gle6P 5 s AU 43 BC 45 R %
W], EMP 3 48 B9 AR & AR 7. 4% , PP i 2 AR
B AN 8. 4% o Pyr A5 s A I o B 45 R B,
TCA 8 #5191 IR 32. 2% , LR AN 240 1R =
BEAC I 4 S50 0. 7% F1 0. 8% , 212 37 % AT i Ui
W 12.2%

3 itk

AR TR 2R T 41 DNA SR i #5240 46 g
(R 2R iz SR PR DR AT H B0 st 0 A A B 4G
0 2 BEAT B A B R o i DR R DR R A v e R
B A e B A D A g 2 S A L R
AR S AR Red B4R G AR Tk
kT CTR AR W & A2 TP R S B I L TN pia, pta
BRRBR A B A L-OE RSP, QR & B FE
%, B T TR X B A A A R ™ 0 A B ol 45
B AR A D L~ (0 S R ™ B R R 4 5
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F T R FF A1 S Ak Tl TR Ak R R = 8RR 1 A
RE A BR , £t CoA AfEM 5E 2 A LN CO,, it
I 2 B CoA 2 Pra-Ack & 72 4 ik < B
Chang' " 8 th , pra F [ M B 5 50 2 B CoA i 1t B
B E W CoA T 42 52 T 1R R M S 5 1Y
WP 3 BN TR R R84 PEP/Pyr A %
5, 3 AU TRT A 6T 5 2655 % %) IR WAL, EMIP 3% 428 4 183 37 0k
Dl BEBUR A L BE CoA fE A TCA 9§ 3, il 13
TCA 8 ¥ AR 8 0 48 hn o i 2% 40 i i o 43 7 R A2
T 26 W R AR ARG, S5O0 20 B A K 2 B, T AR A
BT M, Sara"'' fE E. coli BW25113 Apta Z, T
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(1 16 T S 1 0 8. 4% , TCA i 38 1 4% i 37 12 e 1%
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Fig.3  Concentration of sodium, potassium, ammonium and phosphate during L-tryptophan fermentation of E. coli TRTH and its pta mutant. A

Sodium concentration of E. coli TRTH and its pta mutant. B: Potassium concentration of E. coli TRTH and its pta mutant. C: Ammonium

concentration of E. coli TRTH and its pta mutant. D: Phosphate concentration of E. coli TRTH and its pfa mutant.
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X1
Tablel

(NIRRT TR

Reaction rate equation of metabolic nodes

Metabolic node

Reaction rate equation

Metabolic node Reaction rate equation

Gle6P
Fo6p
GAP
P3G
PEP
Pyr
AcCoA
a - KG
OAA

RuSP

rl -2 —rl1 =0

2 -3 +r15-rl6=0

213 -4 +1r14 -r15 -rl6 + 22 =0
4 -15-r19=0

r5-rl =16 —r10 -2r17 =0

rl +16 —17 +122 -123 - 125 =0
7 -18-124 =0

-1 -rl8+rl9 + 25 =0
M- 18+rl0 =0

rll =r12 -r13 =0

X5P rl12 —r14 +r16 =0

R5P r13 -rl4 - 121 =0

S7pP rl4 -r15=0

E4P rl5 +r16 -r17 =0

Cho rl7 =122 =0

Glu r18 — r19 - 120 +122 - 125 =0
Gln 120 -122 =0

PRPP 21 -122=0

Ser rl9 -122=0

NADPH 2r11 =117 =118 =0

Gle

100 (100)r1

GlcoP

rl11 13.7Q21.1)
—_—

usP
863 (18924 L8 B9rI2 713 154250)
F6P 6-3(110-9) X5P RSP —
84.6 (75.0)r3l r1é r14 4.6(7.0)
——————» GAP S7P GAP
173.7(157.1)r4 |, 115 4.6(7.0)
P3G
1629 (139.2)r5 125 FoP
255664 LoF 121
Ala - t—L L2366 _ 041133 10.9(17.9)
X rl7
Lac a—|— |- [ 230108 __ Ppyr 10.9(17.9)
/ |7 146341 o
Hac < — ||| 1241894 Accon
rl0
0(0) :
'
OAA a J
19 127.4(109.3) /\ PRPP
2210.9(17.9)
:coZ
I
I
|
v
Trp

El4 E. coli TRTH F & pta SREK (ESH) BEREBR PRI

Fig. 4

mutant( values in brackets) .
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A HT L B TN pH . RIBF
THAE ATPORE H ™ ZE 5 g SR 98 15 X Ah i i pH {ELIY

o RTINS R R R T S

Metabolic flux of L — tryptophan fermentation of E. coli TRTH and its pta

A, Buurman " 455k oK i K 10 B 9 K R L A R VK
RS TIMEEN O T AR PH (9 RRE , T 2 — b
WONY Iz B AR e (SR PR R B R T I R 4,
Kdp) 1 57 8 85 5 19 WSCRI BT ¥ 19 2 1 o dir el
200 i BRI v B R £ R VA TR Y A K R AT 40 i
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XTREm R %, pra SRR RSB R & &=
AR T 80.5% ,NH, SRR EEFEAR T 33. 2% , h />
TOATP WIHAE, B TR AR R AR AR ) A
ERE

Schuster™"* X L-f, 2 i 18 3 9 4% 1 1k 25 3 %
B, EMP i 12 F1 TCA 18 B A8 i &2 8 D, PP g 42
A U B 19, AT Ok B AR 4R 1 5T 2 9 NADPH A L-
O W E WA AT IR Y, AR R 1S N €8 20 R & L
S . (5 W3110A A 7= L0 & R AR 15 I 45
s, PP a2 A Ui 38 I, -6 g0 2 A it JF oK 3
R TRk R v R D R R R X 3 AR - oo BT
FLAFT B B -7 - R O 1 B A 4 k], ORI T
DAHP £ J5 i 9 15 Pk, 45 K sk 4 r16 (1 4 JiF
75) R 2 EMP & 42 . [F B, Schuster #& 4 i, B 1R
Ji BTN B R (PEP) B9 3 FETH AR 2 L-f8 2 B2 A
T BRI R . AL E. coli TRTH Apta J2 1%
SR FN 2K TN & 8 G B ik, X DAHP 45 1% il 1) 52 ot 41
HIE &5, NIk 5 Schuster 1% i1 F9 FEAE L-f8 & 8
P2 —F, PEP 5 s 73 7 45 SR K B, PEP A i
P 7 ) A I i e /D T 37. 8% |, PEP A il L8 %4
MR AR A N T 7. 0%

ASCHHA] Red B 4H & 58wk B KW AT I pra
L, IR pra ik 2% bR B 2R KRRV AT T 00 2 BE5E
WIEEA RS pra FEH LT ackAd Fl yfeC HH 2
] o ackA Fl pta FIADFERAL T — DN TN, pra
KT ackA FEPRE) T o A SCHRER T pa B
Gt P 51, R IF N 52 0 ackA & DR A 3 S R0 B
[R5 7 51 43 BT 26 BH L @ BR 1Y) pra FED ) ORF PN 8 3
AAETERR L N UFHE A yfeC IR ) T 80208 7741,
AU, pra PR IGR O AN 23 5% e L 1R 9 R DAY 3R
ik pra SR BRACEREME A9 2R = 2Rl pra T
RE 3 2k T P e 1 o

H i, 78 A& W 1.2 b 32 5030 i 4k 5 s B i) 2
A T AR A B R B AIR 2 R 1 4 b 7K F, AR
TARBA HHE pra B 2K AR 1 3 PR TR AT K KA
OE 0 T2BAE B A 77 AR o AR SO D A
E. coli TRTH Apta, % T.F2 & B9 # 2 R Tl 4k A 7=
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metabolic network model of tryptophan production in

Effects of gene pta disruption on L-tryptophan fermentation
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Abstract ;[ Objective | To study the effects of gene pta disruption on biosynthesis of L-tryptophan. [ Methods ]| The pta
gene of the L-tryptophan producing strain E. coli TRTH was disrupted by Red recombination technology and a pta mutant
E. coli TRTHApta was constructed. Fed-batch fermentation of E. coli TRTHApta was carried out in 30-Liter fermentor to
investigate the biomass, L-tryptophan production, organic acid content and the concentration of NH, , lactate, pyruvate
and succinate. The metabolic flux balance model of L-tryptophan synthesis by E. coli was established. Based on this
model, the practical metabolic flux distribution of E. coli and its pta mutant were determined with the linear program
planted in MATLAB software. [ Results] Compared with E. coli TRTH, the pta mutant was able to maintain higher
growth rate at exponential phase, the final biomass and the L-tryptophan production were increased by 52. 7% and 46. 8%
respectively. Meanwhile, the data analysis of organic acids accumulated during fed-batch culture showed that the
concentration of acetate was decreased to 2.5 g/L, which was only 19. 5% of that of the parental strain; as the decreased
concentration of succinate, the accumulation of pyruvate and lactate was increased. The concentration of Na*, K*, PO}~
were consistent with E. coli TRTH during the fed-batch culture, the concentration of NH,” was decreased by 33.2% . The
metabolic flux analysis indicated that EMP pathway and TCA cycle were reduced by 7.4% and 32.2% respectively, but
PP pathway was increased by 8.4% compared with E. coli TRTH during the middle and late period of the fed-batch
culture. [ Conclusion ] In the process of L-tryptophan fermentation, pta gene deletion in E. coli TRTH led to change in
metabolic flux and acetate content, which derepressed its inhibition on cell growth and production of L-tryptophan and
finally made a substantial increase of bacterial biomass and L-tryptophan production.

Keywords: Red recombination, pta gene, gene knock-out, acetate, L-tryptophan
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