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5 T B 7 k5 1R 45 T (DS) (1 5 15t 40 241 I B v 0 S U0 61 1K) DS 11356 7 » A3 B I B0 22 b G 1) 5 A I B O R 4 ik
WA, N R 2 L% . U7k g Hl PCR BAR$ 19 Jb 50 ¥ AT B PD-67 % 19 4 1 =X T4 1 1% 45 il 56 181
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o (L A SRR A L B PR A SR AR AR AR ™

TEREAREMNE ( Corynebacterium gluzamicum)
P BRI AL PEP T A AL 4 2 A S5 4 T ) T
TR T e % Il 2% 90 A e 3 A 5 10 I R b, PEP 3
I RAE Ay 5 1 6 AT 1) (i 445 53 4b , PEP ) LU A i
P22 T A e 7 i, AT T PR A0 Tt 2 s e X 1 T PR
BALEGMEAL 5 B B S Bk LR . th T PEP 3 i 4k A&
J P I P2 et A o — A TBORE R R AL O e Y R
PEP fR3EHE P52 o T BR ) T —F8 2 B 3t A 97 7
A IR G g AR o T 3k R A I X I TR 5 1
FL P pps» A7 AT BE AL A U AN A A R (M]3t 21 PEP 74 £,
M kg 57 e R A e IR 1) A B I BE 2 B T AR ) o
FE K AT B b 208 pps FE DA AT DL = DAHP () 7~
80 BT PEP W A4, AT A SR O
R 40 £ DAHP LUK 5329 J5t i & i H #AH 2% 1)
g DS Xf T YOEABRM AL R REE. DS
Je 07 B IR A LR G OB AR A — A B, B2 1R 1
MG BEIG o 45 %0 R s T B R K 17 AT 1 (Escherichia
coli) "M AR 77 AT I %= 7. BH
PR HEFF 1A ) DAHP 5 lig A 1 B4R 1T 24y Fp 2R 2, 7
0l 2 3] 1% S IR A T TN IR ) Y S5 A1) ) e T
S o 2 G T I I R R U R DS £ ik
HEPI SR 187 A7 22 S MR Bk kAL — AN T B ) A i Y
B s WP AZAL 1) SR AL BLAR AT DU B ik 20 1R X DS
f9 U5t 05 (EL R TR I R AR S D B T

13 LB 6T A3 W b AT B DS 3 A4 R 1Y A A5 IR T T
DL K T8 3ot 0T 12 il 3 M 6 i o3 e it 00 o B4 A 0 R L
A SCBRARGE o A KA B A AR 3 Tl DAHP 45 1§ 1)
[7] Tl : AroF < AroG 1 AroH, 43 5| 5% 2| & & 1R « A A
R R0, I 1) R B A T 3 T A
PR e Hoh, 7R MR R AE R EAE BN AroG
CRZ) b7 BB vG 1 80% ) » % HE TR ¥ 41 Leul75 58748
N Asp 2 J5 » AroG™ TT DL Al 5 2K P IR 14 45 3 11
T L AR S 5% 00 1 1 A 3% 97 ™ 3 RE AroG ™ 7E 4
JHL P9 A T 52 3 3 O A i 2l B TR ) I s A
i, BN T A A R G OE 2R B AR AR
DAHP 3X — JC 8 45 R0 A 7R 52 BH, A ) e {15 50 2
(05 I 1k N EL B IR 5 A S 5 B L8 2 R 1 B R
=ML

b #4758 (Corynebacterium pekinense) PD-67
R R B LA E R R AR . A T AE CUBE IR A
it <A I R 5 T D) pps AR OK i A AT K U 1) e I 15t
FIRIR Y aroG FE DR g BB A5, BF 90 A Ik X A I
KX PD-67 454 1R 15 AR 1) 5% 1 o

1 MR Ik
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L1.1 BEERANBURL: & 1 O A S I A e R A 5t

i

1. I8 BT RO R AR AR BUAL

Table 1. The strains and plasmids used in this study

strains or plasmids characteristics

source

strains
E. coli W3110
E. coli DH5a

Wild type

¢80 LacZ AM15, deoR,recAl, endAl , hsdR17

stored in this lab

stored in this lab

C. pekinensePD-67 phe ™ tyr® this lab
plasmids

pMDI19-T T~vector,2. 7kb, Amp" , lacZ TaKaRa Co
pT-pps same as pMD19-T but pps” this study
pT-aroG"™" as pMDI19-T but aroG" " this study
pXMJ19 E. coli-C. glutamicum shuttle vcetor; Cam" P, lacl' pBLI oriV,, pK18 oriV,, Jackoby M"®
pXPS as pXMJ19 but pps* this study
pXA as pXMJ19 but aroG"* this study
pXAPS as pXMJ19 but aroG" ", pps* this study

phe ™ : no cell growth without phenylalanine addition in minimal medium, tyr® :

1.1.2 EERF: A5 FEYWS LAY EA
TaKaRa 2 ; i R M W =0 A Wi R (PEP) Rl ik & b 4 —
i (E4P) W |1 Sigma 28 ) A i M2 4 % [

meager cell growth without tyrosine addition in minimal medium.
Ameresco A 7] ; ATP i) H Bio Basic Inc A7 ; 44
A 2 i Ay gk 1R 7 gy A )

L1.3 ExEMEHREE OLB BREH 57
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E. coli; QLB E:RIEIMAN 1% #5459 F1 0. 2% )R
ZM TR 9% C. pekinense; QLB 2R A 1% 3
ZREN0.2% IR FHF 4% Tz e M T &% b
W C. pekinense 852 25 40 M ; () FE A K 37 5 ] T iy
W E RN R WE R Y R IR B T S W A OB 20 g,
(NH,),S80, 10 g, KH,PO, 2 g, K,HPO, *3H,0 7 g,
MgSO,*7H,0 0.4 g, FeSO, * 7H,0 20 mg, MnSO, *
H,0 20 mg, NaCl 10 g, B BF¥35 g, 2424 250 g, B
[ 3200 g, pH 7.2 (&) K W 8 I5 1 - &F TH 5 7 % Bl
80 g W: B} Fy 1 g, (NH,),S0,40 g, KH,P0,0.5 g,
K,HPO, *3H,0 0.5 g, MgSO, * 7H,0 0.4 g, FeSO, *
7H,0 20 mg, MnSO, *H,0 20 mg, £ 4) %50 pg, i 1z
%200 pg, % % MR 50 mg, N & R 50 mg, K 2 R
600 mg, 22 Z 2100 mg, CaCO,30 g,pH 7. 2. il % [
L FRIEN 3% 1.2% WE AR - E. coli 1F
37°C 15 3%, C. pekinense 1% 30°C 15 3% . A AT Ik
N EH RN H 5 100 pg/mL, & 210 pg/mL.
1.2 DNA 21E

E. coli JFURL$E ML 2 M SCHk (111, E. coli ¥4l R
i CaCl, ¥, C. pekinense 4k R J ML il 5 1035 ™
1.3 pps EEF aroG” X E R =&

Mg [E YR, 2 C. glutamicum ATCC13032 )

pps (negl0529) JE R K e BRIP4, veik 1 x5 514
P1 F1 P2. DL C. pekinense PD-67 & i /& DNA Jy fi
B, 514 P1 AT P2, 28 PCR ¥ 1945 3 & 4 pps FE
v Be gl Ak )5 3 4% pMD19-T 4k, e fb E. coli
DHS o, WA A6 & 7 2 5 % = 1) LB A b fif ik
33T pps SER P B T, WU Ry 4 R pT-
PpPseo

T E. coli AroG 2 JIR4E ) N 3 F1 P 58 X 36k A7 7
DS [ R BB 2™ 2 BRI 5 175 £ Leu 548
A Asp Jig o W] LLER 43 fif B Phe 1 2t 40 6 45 FH 0 HL
LA Wi i (1) fE AT J7 . ZCE. coli W3110 )
aroG ¥ K & H BRIP40, Bk X514 0 P3, P4
1 P5,P6. LLE. coli W3110 [f) 4 {i 44 DNA 4y B,
FH 5149 P3.P4.P5 il P6, 25 PCR [ J7 i X} BF 4=
RUEP ST R AR o 38 Jy BratiAy 5 i 42 pMD19-T
AR, #e Ak E. coli DHS o, AT AE S AT & N 5 % £ 10
LB AR L, 0 3 13 B AT aroG" S E 4L, &
Y TRy 4 N pT-aroG™ .

SEES T 1) L3 2, 51 vk K A Primer
premier 5.0, 5| ¥4 B B AR T AR TR LR
5547 B2 W) 58 B PCR 4 39 B B e 410l 5E i A K
HE DR RH2 IR 55 A B A W] 58 1 o

F2.KWHASY

Table 2. Primers used in this study

primers sequences (5 —37) size /bp restriction site
P1 GTCGGTACCAAAGGAGGACAACCATGACCAACAGTTTGAAC 41 Kpn 1

P2 GTCGAGCTCCCTTTTAGATGCTTTTCGAC 29 Sac 1

P3 GCGAAGCTTAAAGGAGGACAACCATGAATTATCAGAACGACG 42 Hind 111

P4 AGCCCTGATGC TTCGCGGTGCAC 26

P5 GTGCACCGCGAA GCATCAGGGCT 26

P6 TGATCTAGATTACCCGCGACGCGCTTTTACTGC 33 Xba 1

Underlined bases indicate restriction sites;bold bases indicate Shine-Dalgarno sequence ;framed bases indicate site-directed mutagenesis sequence.

1.4 BEgESH

1.4.1 FABSEH Z K #H Ak PD-67/pXMJ19.PD-67/
pXPS.PD-67 /pXA Fl PD-67/pXAPS % Ff T i iiF
FHIE A R: 238, 829212 h/5 %00 IPTG %1 mmol /L%
SFIE,4hjGgE 0K ERE M. H50 mmol /L Tris—
HCI (pHS8. 0) ¥k 1§ X, B V%, B UK i Ol 7 90k
0B, B0 EIE WO T W E

1.4.2 BRKEEXAINE S (PPS) EMHNE: =
2wk 31 W0z o — AN 3 A7 ol 198 0 1 X0 I IR
B3 )58 X R AR FR v A A3 B KV AR 1T nmol
A ] 2 04 T e R

1.4.3 3t S -D-F 4 18 BR BR #E 7 F% B% & B (DS)
TEMEME S %k D4l — A AL DS 36 T
& SUR 1 SN A ZR B 4y B AL ZE 1 nmol DAHP
JIT 5 P Tl

1.4.4  AroG" HU R IRIMEI 47 : 48 DS Fig 3% Il 52 1)
SN AR 28 1 43 3 N AN [ < BE (O =4 mmol /L) (¥ 3
it 57 75 e 2 HE % (Tyr Phe Fl Trp) » 45 AN [f) %< 5 (1) 05
A o R A AR 4 AR W E B Bk PD-67 /pXMI19
1 PD-67 /pXA [FPFH B DS 35 1 o

1.4.5 HBRATFEASENNE KM% D Wik
T E .
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1.5 AEEW

1.5.1 $2#E % B % PD-67/pXMJ19. PD-67/pXPS.
PD-67/pXA Fl1 PD-67/pXAPS 43 Bl 4 T- 55 F2 5 @,
30°C 157720 hJF, 4% B 10% 1) B Fhoi o S 8 P 1 R
B B@ . T 30°CHIRKT %, BER12 hICRE 23 4T
1.5.2 &=l E KB H & 52 mmol /L HCI
rH R B TR A JS . FH 28 TR K R ORE AOE Y A B W e
600 nm 4b 1] 5 %5 J .

1.5.3 EEBRMNE: KM SBA40C A= 1k K 43
AP ASCIN 2 A TR VAR Bk 4 FR) T 7 R B

1.5.4 L-GEEMaEmaRBNE: KHKE
12000 x g 250210 min J5, B 35 4 B 3G 2 £ 4 H
0.22 wm G AL 98 B8 3 98 )5 K HT i 280 A 1% A
Agilent 1200 FE4T 5 #7 o

L0218 43 BT 5 A« 14 38% £ 4 ZORBAX Eclipse
XDB-C18; i 2 # : MeOH : KH, PO, (2.7 g/L) (20:
80, V/V) , pH3. 5, 25 & P Jit ; P 4 1. 0 ml/min; A% &
30°C ; F2 R BE#E K 2% : DAD, 280 nmo.

il 7 A R R Oy M Ok AR f0 3 AR O ZORBAX
Eclipse-AAA; Vi 3 #1 A: 40 mmol/L NaH,PO,,
pH7.8;B: ACN: MeOH: H,0 (45:45: 10, v/v/v) , ¥
JEYE MG 3 # 2. 0 mL/min; A 40°C ; 72 72 HEFE S K
28 :DAD,338 nmA1262 nm.

2 SR HI

2.1 pps HREM aroG” HEH B H H Kk xt C.
pekinense PD-67 L-& RER & A X 151 89 &2 M
2.1.1 pps BEEWMFIHMUARKREHIRWEE:
FAL R pT-pps 46 N BE& W T 40 07 KA
1147 bp, f2& 1 ANK K 1095 bpff) ORF, i 44 %5 f1
TN ATG, ity 1 4% 364 N LRI 2 IKEE. PD-67
FTATCC13032 w1 pps & ] g 5 X LU X < 4% 1R )7 41 [+
PEVEN 97.81% , 45 23 M AL 22 7 & L IR 7 41 [+
PEPEH 99.73% , 45 1 AN LR 2 5t - Thr3481le

i Kpn T Rl Sac T XU V) kL pT-pps, [ pps
Jr B R B A Kpn T A1 Sac 1 XU V) 3R 15 38 A4k
pXMJ19, [FI K B, 5 B3 pps Bk 42, ik E.
coli DHS o, YA 7 5 A7 S 8 2 (1 LB ~FAR b, 97 ik 743
A pps HER ) RIB A dr 44 K pXPS.
2.1.2 aroG"EEAMFY A RTWIEU R RIEH
IKBYMIEER : FEALTORL pT-aroG™ ({48 N B BE &0 5 4>

Mt K BE 4 1067 bp, 40 & 1 A K FE 2 1053 bp [
ORF, 2% 1 A ATG, gifid 1 4 350 P& IR 1Y
ZIKEE . aroG” I E. coli W3110 ' aroG K& K 2 i) [X
LT 23 T 26 B 5 A AR B B Dy 51N S AH R 1) G B 2
FER T B R AR U Leul 75 Asp, 42 1% 17 R )7 471 A
S I P G i B2 B R I 1 38 R R AR R

HI HindII1 A1 Xbal XU U] 5tk pT-aroG™, 7] i
aroG" B Bt [6) I B HindIIL 1 Xba 1 XL Y1) 3¢ 34 %%
PR pXMIL9, [RIC K Fr B, 55 Bk aroG™ Jy BO&E 2,
X E. coli DH5 o, ¥R AT TE & A S % % 1) LB iR |,
it 15 B AT aroG™ JE [N ) IR Ak fir %4 4 pXA
2.1.3 C. pekinense EAHE B PPS #1 DS &1 ¥
UKL pXPS F pXA 43 i) i o # A6 PD-67, 43 3| 41
PD-67/pXPS FlI PD-67/pXA. [ I ¥ 45 it ki
pXMJ19 Hi i # 4k, PD-67, 13 5] PD-67 /pXMJ19, /£
X HE o 0] T A R T TR (%) R Bl o 1K PPS 3
H DS 3 Pk 43 5l FEAT I 5 45 R W3R 3. HE 41 PD-
67 /pXPS 1 PD-67/pXA #H I 1) B v 71 70 il $8& 1
3.6 512 4%, X W pps K FI aroG™ KL K fE PD-67
Har R T R IK .

% 3. C. pekinense PD-67 E LA TH #AHIEE R 1E
Table 3. The activity of enzymes in crude extract

of the engineering strains

specific activity/ (U/mg)

strains

PPS DS
PD-67/pXMJ19 2.46 +0.24 11.1 +£0.98
PD-67 /pXPS 11.32 £0.92 ND
PD-67 /PXA ND 34.7+1.25

ND: the activity of the enzyme was not determined. Data were averages of

the results from three parallel determinations.

2.1.4  AroG™ 37 Iz 15 400 8 %R - 04 B AIF 5 s 58 A
(1 aroG™ JE D 4 i ) DS T A% K% 7 Phe f 5 15 400 1
YERT, WA T 50 30F AroG™ & 75 52 31 55 48 15 B 75 &
B HE R Tyr Al Trp B J B4l 72 PD-67/pXMJ19
H1PD-67 /pXA A B A DS 3 1 W & S W A4 5 vh 43l
IO mmol/L — 4 mmol/LASZ5 () 3 Fh 55 7 it 2 it
2 JF 2% SN [ IR FE 19 05 75 I 2 HE TR ) DS 3% 1 1)
g (B 1) . 45 3% 8o, Phe I Tyr X} PD-67/
pXMJ19 DS §f £ 5 wi Lk & W] & Phe K JE 4
2 mmol /LI, DS {3 1 JLF- 58 A B 0 f1 ; Tyr W
0.5 mmol /LI, 1] LLAN 4] DS K £ 80% i 1. 1fi T.
LB PD-67 /pXA, Phe ¥R & 42 mmol /LI, DS {547
FET 80% (135 7F 5 Tyr % BE 51 mmol /LI, DS it 14
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90% I3 Mo 34k .4 mmol /LI Trp X P 1& £k (1) DS
T PE AR B AT WA R 5

120 g o
- Ba b °
& A o
£ 1008 4 o
z s 8 2
3 ]
S 80F o
g
£ .
g 60 [ o
o
o
2
S 40 LA
L] u
Q
£
g 20 4 4
2
O L 1 L | L 1 L ]
| 2 3 4

c(three different aromatic amino acids)/(mmol/L)

1.3 # % F ik & & & (Phe. Tyr. Trp) 3 PD-67/
pXMJ19 #1 PD-67/pXA #HEg & DS jF 80

Figure 1. Feedback inhibition to DS in the crude enzyme extracts of
PD-67 /pXMJ19and PD-67 /pXA by three amino acids. DS of PD-
67 /pXMJ19 inhibited by Phe (H) ; DS of PD-67 /pXA inhibited by
Phe ([1) ; DS of PD-67 /pXMJ19 inhibited by Tyr(A) ; DS of PD—
67 /pXA inhibited by Tyr (A) ; DS of PD-67 /pXMJ19 inhibited by
Trp (@) ; DS of PD-67/pXA inhibited by Trp (O). Data were

averages of the results from three parallel determinations.

2.1.5 @Rk pps ERAMEAFEERGAEZIN:
N TS pps R i Rk 6 PD-67 AR 1) 5% ma, K
MTTHT JE A 8% 77 3L 56 85 41 1 PD-67/pXPS Fl Xt I B
PD-67 /pXMJ19 BEAT T #2H J We SE 50 % 52 7 40 i
A K R 25 B R RN B S R AR R AR A

Y PD-67/pXPS L X} I 1% PD-67/pXMJ19
FH LG 5 30 NSt 250 A= K 300 10 ) T 52 W KD L 3 A O e it
Ferf, 41 1% PD-67/pXPS [f] OD {f — B Ik T X M
VAT H B 28 TR &5 R B B, 3 i AR i A 2 (] 2
A) o AR R R R R R L~ B R R R U
JE A RS KW AT ) PD-67 /pXMJI19 Bl FE 3 2 Fi
PR, T v J5 U 3 e A R R ZE AN K FE 8
7% 24h I3 0 IPTG 5 5 5& K R ik 2 )5 » PD-67 /pXPS
A Lt G R (1 B B8 TV 184, S AR B IR
5.02 g/L, boof g bR g i 7 12. 1% (K 2-B) -
2.1.6 JFFRIE aroG™ HFE X E HHE £ A B 5
We) : [ K, xf HE 41 B PD-67 /pXA Hixf [ 5 PD-67/
pXMJ19 BEAT R8I J2 e S2 0, % 8838 K3k aroG FE [
X PD-67 A K 10 2 R B 21 R

F A B PD-67 /pXA & I i 1] A A 2 15 56 i

(A) 60

50 —a— PD-67/pXMTI9

—e— PD-67/pXPS
40

Qg 30
Q

20

0 10 20 30 40 50 60 70 80

t/h
B 8
—=— PD-67/pXMI19 ,
—e— PD-67/pXPS 16
6l —o— PD-67/pXMI19
—o— PD-67/pXPS
S
> 14 3
g 4f e
E =
g £
= =
21 12 °
1 1 1 1 1 O
0 10 20 30 40 50 60 70 80

t/h

2. PD-67/pXMJ19 #1 PD-67 /pXPS RY %k B i 12
Figure 2. Time course of PD-67/pXMJ19 and PD-67/pXPS
fermentation. A :cell growth profiles;B: glucose consumption and L-

tryptophan production profiles.

PD-67 /pXMJ19 A Lt JE A — 3, K& % 36h J5, XJ
PR IR IR Z% 10 T 41 B X 1 DU AE48 hg A H
I, » 5 2% 411 R A ) e o T B (B 3-A) o A
I FRY > 5 1 2 B R 3 A i S AR 22 A R e b S
WE AT PD-67 /pXA KH AL AR T 0 I 5 A5 55 57
24 Wi hn IPTG % S 2 N KL 2 )5, PD-67 /pXA g 4h
L2 R R 5 W 2w T PD-67/pXMJ19, f £ 4
B PE 5. 68 g/L, L A B3R 5 T 26.8% (4]
3-B) .
2.2 WEERFTIAX C. pekinense PD-67 L& &
B & R i B9 21

DL b g5 AR, pps LA (1) 3 23K, w] DAL 8 43
PR R [P 53 3 PEP, Oy 75 7 i 2 BE 1R 1 & 42 At 5
2 IR R A0 5 1T AR R St 300 4 U 1 1) DS (AroG™)
AT RLID g B A RN T R R R IR S g AE .
It pps FEDRURT aroG™ 3 D8] B 43 3 35 HE AN 7] R J% 11
e PD-67 AR R . h THEGEXWA
SR 2 B BRATTK T pps F aroG™ XU K 3 3 ik
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*) ol HSEEL T R IE .
2.2.3 pps 1 aroG™ W HE F 3t F ik 3 PD-67 4 1
P e LRI BN T % % pps A amcﬂrwg, ki A
407 PD-67 L 58 2 B 82 (1) 5% W), JATT 36 AN 15 9% 35 43 il
%§ 30k %t Bk PD-67 /pXAPS 1 PD-67/pXMJ19 it 1T T 4%
ok R R W S 56, JF HL (R I 5 0 IR 3R Ok TR bR PD-67/
pXA 1 PD-67/pXPS 1 A= K < 4 %5 Bl A ) LA K 68 5
°r BRI AR A AT T LB
0 10 20 30 40 30 6 70 %0 4 14 PD-67/pXAPS FIx| H [ PD-67/pXMJ19
— o GESSIRVE A SRR S SN E S i
2014 PD-67/pXAPS 7 12h 2 )5 OD {H ¥ & T @ bk
. —a— PD-67/pXMJI19 16
—e— PD-67/pXA PD-67 /pXPS,H —Z A KERMHERN K, &L
6r —o— PD-67/pXMJ19 .
. o PDGT/XA Y PD-67/pXAPS 1% & F PD-67/pXPS; 5 PD-67/
B A 13 pXA L, PD-67 /pXAPS # A S # 4 K W RS 15, &%
Q ol)
5 E @)
T = 60 |
1, & —=—PD-67/pXMJ19
2r —e—PD-67/pXPS
50 —a—PD-67/pXA
—»—PD-67/pXAPS
L 1 1 1 1 1 1 O 40
0 10 20 30 40 50 60 70 80
t/h %3
s
3. PD-67/pXMJ19 1 PD-67/pXA K% B it 72
Figure 3. Time course of PD-67/pXMJ19 and PD-67/pXA 20
fermentation. A: cell growth profiles; B: glucose consumption 10
and L-ryptophan production profiles.
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LR T PD-67 /pXA (8 4-A) . &4l PD-
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FEAK e TERE24 hifs I IPTG i S 85 3% 2 J5 » PD-
67 /pXAPS 1] Jfg 4 {0 2 BR ¥ [ — H. /= T~ 14 #k PD-67/
pXA PD-67 /pXPS Flx} M B PD-67/pXMJ19, 5 & (1
IR IHE ] 6.09 g/ L, AH R 42 & & 43 il 4 7. 1%
21.8% F135.9% (& 4-B) .

X4 BRBE I R S B AT T b e SRR,
pps FE KA aroG™ IL R ) 5L & IE X C. pekinense PD—
67 1) L5 8 M 1A AR 7= 42 T e . (8l R 1)
PR BRI E B (R4 .
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Table 4. Comparison of fermentation

parameters of the different strains

parameters

Y Yo P

X/$

strains P/ X,/ Y

P/S

(g/L) (g/L) (glg) (glg) (glg) [g/(Leb]
PD-67 /pXMJ19  4.48 14.41 0.067 0.217 0.311 0. 062
PD-67 /pXPS 5.02 14.45 0.075 0.218 0.347 0. 069
PD-67/pXA 5.68 15.61 0.086 0.235 0.364 0.079
PD-67 /pXAPS 6.09 15.20 0.092 0.229 0.401 0. 085

P, Tryptophan Production; X, : The maximum Cell Dry Weight; Y, :

Tryptophan yield on Glucose; Y, : Biomass yield on Glucose; Y, :

Tryptophan yield on Biomass;®: Tryptophan productivity.

FRATT AR X A I R R B ) R R MEAT T 2
(5) . BT RBER TN RKEARWEKTF
W 3 L 0 R R ORI 42 7 5250

RS BEERABRTHEITYEER

Table 5. The by-products amino acids in fermentation broth

¢ (amino acid) / (mg/L)

strains

glutamate glycine alanine valine isoleucine leucine lysine
PD-67 /pXMJ19 107.69 £7.85 103.53 £2.56  2473.62 £21.92 1281.89 +54.23 589.59 £26.44 110.82 +£10.45 74.31 +0.98
PD-67 /pXPS 161.98 £16.57 167.04 £4.44 1791. 80 +22.66 1443.49 £69.45 475.98 £14.23 126.98 £18.94 55.06 +1.97
PD-67 /pXA 332.84 £28.83  83.63 +3.19 1600.30 +105.38 1445.84 +42.61 483.18 +18.31 118.67 £8.48 52.12 +3.06
PD-67 /pXAPS 126.82 +33.15 95.61 £7.35 1265.72 £20.02 1879.40 +£36.68 484.61 +£12.23 115.31 £9.13  50.88 +5.69

Data were averages from three parallel determinations and excluded interference from the yeast extract in the culture medium by minusing the quality of

relevant amino acids in the control fermentation broth.
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67 /pXAPS J T B H A BRI P s A7 T e

3 g

PEP & LAG %R & B EE i A iz —.
A CAEIE S 58 pps K&, AL A W 12 0] % 2] PEP,
M I LA % 8 £ b PEP [ LR, 32 5 T PD-
67 ) LA IR B R & hAh, il i A B Bt
aroG" FEIN L B8N DS 5 0 #0446 35 1S 30— 20
SR N DT B R IE RS R . B S
L0 IR (V) B R R b R i W B4R

Patnaik 25" F|H E. coli AB2847 aroB 58 7% ff
GZHEMRABEBE— 22401 DAHP) , ¥ 78 5 85 5 4k
Hh B 75 U 1 40 M4 2 JE TR R I AE B A B 7R O o
HEAT R CIBE 4 pps 1A b 320K 3 B 40 M A K 2
H) BRI IEAR AT B B AN T, S
RIE PEP £ g 5 DN 4 1 ity 56 DR DL & it 2 45t 400 1l 11
DAHP & fifg 3 B AT LL % = DAHP ()7 & W £, JL T
LB 5 KME. PRI A Y) PEP A1 E4P 1)k 3

DA N DS 1% P T 4 1 240 3 1) 2 1R k448 1) Bk A
W 52 R TATWE ST AE 5 R T 4
Ak RIS PEP & [ 5L K pps AT IR 15t 400 1l 1
DAHP 4 fiig 3 K aroG™ Xt L8 % e & A M 1 52
Wi o AR IL pps FE IR, L0 50 R 10 A 2 42 R
PO AR o A 9 W) ™ ) R 1R 20 M o, T A A
PD-67 /pXPS [¥) N 24 IR & 9k /> 20. 3% , 1 H 2 IR &
BN 62. 1% o IXAR W] g 2 K 2k 07 v i 24 55 1R & 1k
AR, R R B MR W i 2 1 PEP X
HRDBINFFERIBE, BFH oA
AT AR CH R B R, E T A Ak O H SR T Ab
K53 PEP 3 [0 21 Py i 18 al 2 3 i 1] #b idk 42 5
B2, B A UE TCA R DY o 3 AT L
TR A 4 T2 R PD-67/pXP Jk [ i B v AR K
Ml L) 5 OIF WA Z BR K. 57 Kk
aroG" LN, %) T PD-67 L% I (1) B2 47 W) B 1 4
e X UL IR BT IR R AL 1) 2R — 20 N JE PD-67 L4
SR G P I B B 2 — 1 S IR AR A K W R R
aroG" KL DAT By T R B X — M . 24 B R K 3k pps
JERRT aroG™ 3 R, £ 55 3% VE 9 AroG™ 4L N, i
A 8 [P 421 O ¥ PEP wf LLSE 2 (1 33E N 05 & R &



ol e W 45 - 3

Rk pps TR aroG™ 3 IR %F b 5 e AT 1 L~ %

FEIR & & 17, R LA Bk PD-67 /pXAPS 82 IR 11
BB R R I N KA A T —51R

T T B PR R R R A R &

bR L

PR 3 325 T AR AT LG A8 A 1 BRI

A T AR T 3k pps LR A aroG™ %

1 5

VAR e T A SR AT B PD-67 L4 5 R 1 A ik

(ELIF 0 25 S 2 WD, £ B TR A PR A0 7 — T 4 400 R i
A T 1 It 2 O T TR PR OB 4 A o 1
U T G 5 2% 00 B AR O T Ak b
e kP PD-67 T 08 « 4950 IR 1) 45 P RS ) LU B, 3
T PRt 0 TR ) 4 PR P AR A . TE A

A R B itk 22 L B IR B 8 T =R S

R &

JI IR AR o T B i il R DX K A T R b R e
BRI €0 2 IR 15 B RE T

2 2% SCHR

(1]

(2]

(3]

(4]

[5]

6]

Bongaerts J, Krimer M, Miiller U, Raeven L, Wubbolts
M. Metabolic engineering for microbial production of
aromatic amino acids and derived compounds. Metabolic
Engineering, 2001, 3 (4) : 289-300.

Ikeda M. Towards bacterial strains overproducing L-—
tryptophan and other aromatics by metabolic engineering.

Applied Microbiology and Biotechnology, 2006, 69 (6) :
615-626.

Ikeda M, Nakanishi K,

Kino K, Katsumata R.

Fermentative production of tryptophan by a stable
recombinant strain of Corynebacterium glutamicum with a
modified pathway. Bioscience,
Biotechnology and Biochemistry, 1994, 58 (4) : 674-678.
Liu YJ, Li PP, Zhao KX, Wang BJ, Jiang CY, Drake

HL, Liu SJ.

serine-biosynthetic

Corynebactertum glutamicum contains 3—
deoxy-D-arabino-heptulosonate 7-phosphate synthases that
display Applied
Environmental Microbiology, 2008, 74 (17) : 5497-5503.

novel biochemical features. and

Dominguez H, Lindley ND. Complete sucrose metabolism

requires  fructose  phosphotransferase  activity  in
Corynebacterium glutamicum to ensure phosphorylation of
liberated  fructose. Applied  and  Environmental
Microbiology, 1996, 62 (10) : 3878-3880.

LiY, LiuY, Wang S, Tong Z, Xu Q. Co-expressions of
phosphoenolpyruvatesynthetase A (ppsA) and transketolase
A (thtA) genes of Escherichia coli. Chinese Journal of
Biotechnology, 2003, 19 (3) : 301306. (in Chinese)

P, Xz, FAMAE, HPH, HEE. KT wE

GRS . /B AR Y 22 3R (2014) 54 (1) 31
ppsA FI thtA L DR B I SR k. AR ) DR A 4R, 2003
(03) : 301-306.

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Liao HF, Lin LL, Chien HR, Hsu WH. Serine 187 is a
crucial residue for allosteric regulation of Corynebacterium

glutamicum 3-deoxy-D-arabino-heptulosonate-7 phosphate

synthase. FEMS Microbiology Letters, 2001, 194 (1) :
59-64.

Umbarger HE. Amino acid biosynthesis and its
regulation. Annual Review of Biochemistry, 1978, 47:
532-606.

Hu C, Jiang P, Xu J, Wu Y, Huang W. Mutation

analysis of the feedback inhibition site of phenylalanine—

sensitive  3-deoxy-D-arabino-heptulosonate  7—phosphate
synthase of  Escherichia coli.  Journal of Basic
Microbiology, 2003, 43(5) : 399-406.

Jakoby M, Ngouoto-Nkili C4, Burkovski A. Construction
and application of new Corynebacterium glutamicum
vectors. Biotechnology Techniques, 1999, 13 (6) : 437-
441.

Sambrook J,

Russell DW. Molecular Cloning: A

Laboratory Manual. Third Edition. Cold Spring Harbor
Laboratory Press, 2001.
Jang KH, Britz M. Improved electrotransformation
frequencies of Corynebacterium glutamicum using cell-
surface mutants. Biotechnology Letters, 2000, 22 (7) :
539-545.

Cooper RA, Kornberg HL. The direct synthesis of
phosphoenolpyruvate from pyruvate by Escherichia coli.
Proceedings of the Royal Society of London. Series B,
Containing papers of a Biological character.

(Great Britain) , 1967, 168 (12) : 263280.

Royal Society

Roe RM, Burtan JD, Kuhr RJ. Herbicide Activity:
Toxicology, Biochemistry —and  Molecular  Biology.
Netherlands: 10S, 1997.

Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical Biochemistry,
1976, 72: 248-254.

Patnaik R, Liao JC. Engineering of FEscherichia coli
central metabolism for aromatic metabolite production with
Applied
3903-3908.

yield. and  Environmental

Microbiology, 1994, 60 (11) :

near theoretical

Patnaik R, Spitzer RG, Liao JC. Pathway engineering for

production of aromatics in Escherichia coli: Confirmation

of stoichiometric analysis by independent modulation of

AroG, TktA, and Pps activities. Biotechnology and



32 Chuangang Zang et al. /Acta Microbiologica Sinica (2014) 54 (1)

Bioengineering, 1995, 46 (4) : 361-370. Microbiology, 1999, 65 (6) : 2497-2502.

[18] Park SM, Shaw-Reid C, Sinskey AJ, Stephanopoulos G. [20] Ji W, Zhao Z, Zhang Y, Wang Y, Ding J.
Elucidation of anaplerotic pathways in Corynebacterium Corynebacterium pekinense transketolase: gene cloning,
glutamicum via " C-NMR spectroscopy and GC-MS. Applied sequence analysis and expression. Acta Microbiologica
Microbiology and Biotechnology, 1997, 47(4) : 430-440. Sinica, 2010, 50 (11) : 14744480. (in Chinese)

[19] Tkeda M, Katsumata R. Hyperproduction of tryptophan by Fdie, BA, ko, £95, TAJTG. ALl HiF Wi
Corynebacterium glutamicum with the modified pentose T 7 < 6 K] o B P A A AT S R AL AR 2R 4R, 2010
phosphate  pathway. Applied  and  Environmental (11) : 14744480.

Effect of pps and aroG™ overexpression on L-tryptophan
production in Corynebacterium pekinense

1,2 . 1 1 . . 1 . . 1%
Chuangang Zang '*, Zhi Zhao , Yu Wang , Yingzi Zhang , Jiuyuan Ding
'Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
?Graduate School of the University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Objective] In order to redirect carbon flows into aromatic amino acids biosynthesis pathway and further
improve the production of L-ryptophan in Corynebacterium pekinense PD-67, two schemes were implemented. First, the
supply of phosphoenolpyruvate (PEP) , one of precursors of L-ryptophan biosynthesis, was increased. Second, the
feedback inhibition of 3-deoxy-D-arabino-heptulosonate—7 phosphate synthase (DS) , a key enzyme in the aromatic amino
acids biosynthesis, was relieved and the activity of DS was increased. [Methods] The phosphoenolpyruvate synthase gene
(pps) was cloned from C. pekinense PD-67 chromosome by PCR and inserted into expression vector to construct a
recombinant plasmid pXPPS; the aroG gene encoding DS isozymes was cloned from Escherichia coli chromosome by PCR
and the mutation of Leul75Asp was introduced by site-directed mutagenesis using sequence-overlap extension PCR. The
mutated gene named as aroG" was cloned to expression vector to construct a recombinant plasmid pXA; and the
recombinant plasmid pXAPS co-expressing pps and aroG" was constructed. The three recombinant plasmids were
transformed into PD-67 to generate the engineering strains PD-67/pXPS, PD-67/pXA and PD-67/pXAPS, respectively.
The fermentation characteristics of the three engineering strains were investigated. [Results] The expression of pps and
aroG" was confirmed by enzyme activity assays. The deregulation of feedback inhibition of AroG™ was confirmed by
determining DS activity in the presence of three aromatic amino acids. The overexpression of pps and aroG" resulted in an
increase of L-4ryptophan biosynthesis byl2. 1% and 26. 8% , respectively, while the co-expression of two genes increased
the production of L-ryptophan by 35.9% in the engineering strain PD-67/pXAPS. [Conclusion] Both of the
overexpressions of the pps gene and aroG" gene can increase L-ryptophan biosynthesis, while the production was further
improved by the co-expression of the two genes.

Keywords: Corynebacterium pekinense; phosphoenolpyruvate synthase, 3-deoxy-D-arabino-heptulosonate7—phosphate

synthase, feedback inhibition, overexpression, L-ryptophan
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