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Abstract: To improve tryptophan production in Escherichia coli, key genes in the tryptophan biosynthesis pathway -aroG, trpED,
trpR and tnaA were manipulated. TrpR gene was knocked out to eliminate the repression on the key genes controlling tryptophan
biosynthesis and transportation on bacteria chromosome, and the tryptophan degradation was blocked by thaA gene knockout. Then
the bottleneck in tryptophan biosynthesis pathway was removed by co-expressing aroG™ gene and trpEDfbr gene. Compared with the
MG1655, the tryptophan production of trpR knockout and double-genes knockout strains was improved 10-folds and about 20-folds,
respectively. After the trpEDfbr was expressed, the tryptophan production increased to 168 mg/L, and when the aroG™ and trpEDfbr
were co-expressed, the tryptophan production increased to 820 mg/L. This work laid the foundation for further construction of
higher-efficient engineered strain for tryptophan production.
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ERBHE P ORGREZ G, GAREYE
R ol = O Lo B ol 1 v g o 1 3
HCER AR I 3 4R -2-BeT 417 B i B - 7- i R (DAHP)
L FEF R WAy SR (CHA), 2y A2 o LR 4
SR HOR R A 0 R . AL RE 2, DAHP A 1
Bl (DSl 4- W 1R o SE 4 (EAP) F1 Rl 2 47 5 =X A
2 (PEP)AR & A2 ). DAHP (14 S I3 & 25 # R4 42 1 B
AR WA 7 B SEAKCE YR . DS A
FhE S, 439k aroG . aroF il aroH 4ifi%, %
PEN 4355 phe. tyr. trp RGN, J3SaEAE
trpE. trpD Zi At i & S IR H R & U (AS) 2 (1 21
PR A= 0 B ) SRR Y Y A 2 S B T 4
Tit 0 5 32 SO I R R o R AT B R, X S R il
SR Y ik EA T SR BB AR trpR 2K (1 5L it
M, 56 S R4S A )5, trpR 2R 5% 4B aroH |, 4
HIRERINFF mtr LK. 78 TnaA 4 i € 2 B2 il
(tryptophanase) i /E H1 T, €8 % B8 9 45 i hy msl
(indole)(l 1), Ry T $& i 8 202 ™~ ik, AR S0 17 S ik
BRT trpR FE[H, ZBr T RENA RS Wiz
ST 27 B ) B B R, SRS L E— 2 miBR T
tnaA L[N, BHIBT T (02088 7 R Qi 2ot ix sk
i, TREOER ™A T ARBREMNRS. Fik
et b, XU B A aroG L HL trpED
FETE R 5 DUk B Rk, 2 APk o
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Fig. 1 The tryptophan biosynthesis pathway and its
regulation in E. coli
The DS and AS are key enzymes in tryptophan biosynthesis pathway,
trpR protein represses DS and AS, and tnaA product degrades the

tryptophan
1A

1.1 BRI

Rk, BRI 1, SCEe514 02 2,
1.2 T AL

R PN HIG Nhe I, PstI. Ndel. Xbal. Kpnl,
DL2000 marker, T4 DNA %42 . Taq DNA 4 i,
¥ H TaKaRa /A #]; PCR =¥yl Gl ) & . ok

DNA #2HUR &34 H RARA A .
1.3 ERERR

W P A Red 20 45 AT DA AL HLAT [R) PR3
HIMLRPE DNA R BE5 20 1 e o fA 1) 35 R 0 A 7 [
VR 2 (E 2). FIFHWE & Red A ARG miBRILH 2
A RS 5 10, 519 57 5wl wt B 35 D9 [ W,
3 v SHUPE SR A E, PCR 3 HirE 3L NG, ik
SR A P 345 A g e R R R R O 3L ) 9 1 T )
40~60 bp., 7 pKD46 £ikA) Red EALMEA T, &
PE R Be W B[R] 5 41) 5 g o 1A R0 5 IR R A= [ U
A, ARG R IR v R R B4 e % pCP20
FikMy FLP 2 B iR 0 Hr Pk 5L A P i) FRT
A, DTTRE P 56 R (A B0 %R ok, Sk
1.3.1 trpR ZL L1515

W59 HI F1 H2, 514 5 % 36 bp S15RPR
RO LR [R] R, 37 % 20 bp 5 pKD3 /Y cat [F]iF,
6] 751 9 FRT f37 5, . L) H1 F H2 N34, PCR 73
pKD3 Jiiki . 51T overlap PCR 51#: N1 Fll N2, #RJ5
LA PCR P29 1 100 158 BB AR, LA N1 AT N2 2y

Fz1 BEHRFREA

Table 1 Strains and plasmids

Strains and plasmids Characteristics Sources
Strains
Escherichia coli - .
MG 1655 recipient strain our lab
MGAR trpR knocked out this
work
trpR tnaA double this
MGART knocked out work
BWRI lacR integrated into our lab
genome
trpR knocked out; lacR this
MGAR-R integrated into genome work
trpR tnaA double
knocked out; lacR this
MGART-R integrated into work
genome
Plasmids
pZE12 Ap' our lab
pET22b-tnaA5’-kan"-tnaA3’ Ap' our lab
pZE12-aroG™ Ap' our lab
pZE12-trpED™ Ap' our lab
fbr fbr r this
pZE12-trpED™ -aroG Ap work
pKD3 Cm" our lab
pCP20 Ap',Cm" our lab
pKD46 Ap" our lab
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Table 2 Primers used in this study

Code Primer sequence

Target gene

H1 5'-TATTCAGCAGCGATGGCAGAACAGCGTCACCAGGAGGTGTAGGCTGGAGCTGCTTC-3'
H2 5"-ACCTCTTCCAGCCACTGGCGCAGCTCGACGGGCGCGCATATGAATA-3'

N1 5"-TAACAATGGCGACATATTATGGCCCAACAATCACCCTATTCAGCAGCGATGGCAGA-3'
N2 5'-TTATCAGGCCTACAAAATCAATCGCTTTTCAGCAACACCTCTTCCAGCCACTGGCG-3’

V1 5'-GCCCAACAATCACCCT-3'

\ 5'-CGTTTCATAATGCCGT-3’
tnaPl  5'-CCGCTCGAGTCTGAGTGTAATAATGTAGCC-3'
tmaP2  5'-ACATGCATGCGAGGATATAGAGAACGAAGG-3’
tnaTl  5'-CCCTTGATTTGCCCTTCT-3'
tnaT2  5'-GCTATAACCATAACACCC-3'
12GF  5'-CTCGAGAATTGTGAGCGGATAAC-3’
12GR  5'-GTGAAGACGAAAGGGCCTCG-3'
21ptf  5'-CGCGCTAGCCGAGAATTGTGAGCGGATAAC-3'
2lptr  5'-GCGAGATCTGGTCTAGGGCGGCGGATTTG-3'

trpR knock out

trpR knock out

verify trpR knock out mutants
verify trpR knock out mutants
tnaA knock out fragments
tnaA knock out fragments
verify thaA knock out mutants
verify thaA knock out mutants
pZE12-aroG™

pZE12-aroG™

P jac0.1-trppED™-T1
PLiaco.1-trpED™-T1

FRT . FRT
— Resistant gene —

| Z ]

3 S

genome | ]

genome [ ]
¢ FLP

genome [ 1

B2 ER&EMRTEE
Fig. 2 Gene knockout strategy

ST 5 PCRYHY, 152 trpR JE A @Bt
F B, 554 PCR 3G — 7 /b 1 M e B iy
pKD3, /0 T, 55— PCR ™ Wik i)
[ 5P S AE K E1] 60 bp, $i 1R T M BRACE . KRN
WE 2.5 kV, 25 pF, Pkopd il /i E] 200Q, Kb
FBCHE ARG R, iR e,
PLVIL AN V2 H519), HVE PCR %5 H bR i,
AR A PP R 2k 42°C 5558, £k pKD46., &%
AR e W IAE R R AT T — 2P L. ¥
pCP20 % A4, 30°C H5 3 ERK M ETE, 43°C Kk,
pCP20 FHTHEREH R £ . EEES 9 V1 Al V2
FRUGHAT IRV PCR %8, B0 e 15 21 (4 PH A 18 V% 24
ZUNAGHAT N — 55
1.3.2  tnaA ZA#IR

AT HE EF tnaA FER 57 G 420 bp A B S
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kan" Ll &% tnaA BL[H 37 3t 480 bp H B IS R
pET22b 34k |, #4#  pET22b-tnaA5’ -kan'-tnaA3’ .
FE tnaA JEEISE, 5EL) thaAPL i tnaAP2 514,
L pET22b-tnaA5’ -kan'-tnaA3' #i#z, PCR ¥ 115
FU R R LR B thaAS’ -kan'-tnaA3’ , Ky Hik 5L R
P FRT 785, FrLA, PriEE R tnaA 5
UGB NGk EOIRITR ok, Ltk i B A
trpR B HLURZ S, WA TS RIRE R 1Y LB P4
|, 37°C BixeaRKlEEE. HEE51Y tnaATl
tnaAT2 B 7% PCR %iE Bipali, Ui deds 2 i FH v i
Kk pKD46 Ji, B UAENIAT T — L8 . S
BR trpR A[F], BT RISE R PUrE R A Wisie A FRT
P, RAREE R PO S i dst tnaA BEIK 5 AN RE#
PIEIR kM2 R AR A B, XFWAR T thaA
IS AT 1 07 32 o
14 P1#E

P1 #: 50182 L: open wetware database (http://
openwetware.org/wiki/Sauer:P1vir_phage transduction).
1.5 REE

pZE12 J&fH Lutz 5 A EEM, HATH DUBGE
oL TR AR AL ITFIXT 519 12GF/12GR #
21ptf21ptr( 3% 2), P44 pZE12-aroG™ &/ 5 ki Al
PZE12-trpED™" F 1 Pyjeco-trpED™-T1 F Bt Jf 4 ix
WA A B R Ok, M E R pZE12-aroG™'-
trpED™ (&1 3), FEiX ANk b, 3k DR AR 40 5 32 4%
H i JE sh+ fZ k7R,



T RIAT B 2R AE Y& GRS B G A IR P22 F 5

847

PLlaco-1

trpkD

amp

ori

aroG

PLIaco-1

PLlaco-1 %

trpED

PLIlaco-1

aroG

pZE12-aroG

amp
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3 pZE12-aroG™-trpED™ #giE R EE
Fig. 3 The construction of pZE12-aroG™-trpED™"

16 IREEFS

¥ Bk pZE12-trpED™ LA & pZE12-aroG™'-
trpED™" 43> 1% A MG 1655ART-R H, 41K &
J&i, PRBCR TIPSR LB A RS b i ks R, SRR
Fie 1% L BIRR B8 M63 KE Rk rh, 37°C IRz B %, T
ODgoo 53 0.6 I, FIAZHEH 0.2 mol/L 1 IPTG
T M TR ODgo ik ® 1 B, HUFE 10 mL HF
I E WS, 24 ODggo 1K 3 3 IF, H b 35 FH T 5E (0,54
1.7 Rk Bk

HAWFE PTG, BOBEREK, A 5x
SDS BEIINAEZE thilg 20 uL, 0.1 mol/L MR ZE mhil
(pH6.8)80 uL, V&%), W/KEALFE 5 min, B 10 pL
TR
1.8 fHEGRAYIZEN

TR KWK ODgoo a5 3 1 B, 4°C B4
A, K EAE T 0.05 mol/L Tris-HCI(pH 7.5)%%
MR, B AEVKIAE T AR, 4°C B0, RIEAD
R, T BEE M E
1.9 BEgEMENE

DAHP 4 AHEDS) TG M E 2 1822 S0k [7], 4B
GAEER IR U (A S )BT M o 2 B8 228 SCHR (8]

1.10 BsENE
% W8 22 CHR[9].

2 %

2.1 trpR X tnaA RifR R4 E
PL V1 V2 518, W PCR %EGE trpR bR
W, P3G 1 1000 bp i Be i B v A FHYE s (B 4A).
¥ pCP20 5 A PR ok, Hutd I gL ik 1%
TR, BAVIAIV2 5 T8 5w 7 PCR %€,
4SRN EVE D 500 bp B9 A BE, FERPUIEREN K
BE 75D H B Be 300 bp(1E 4B), BEBGEER S Y
FRPE T IR e X, IRAE M HAr 20 MG AR, ¥
tnaA JLH EiBRLYE B e A trpR AR, THTE
PCR %7€, R KW@y KR 1500 bp A4
B R B, RWIRBRALLD, AE49 1800 bp B
(Kl 4C), £k pKD46 J5, FER AR, ¥ Har
%5 MG ART.,
22 Pl%#E

pZE12 JFUkL 2 58 B S AT R 81 T2 Priscoor,
B RRIBTHE lacR 25, AH5EHAH PL S Hik
$+ BWRI FE[H 4 F Y lacR-Sp" Ji K #& 4 51 XL A
BREASER AL, F o2 i HoAT Sp Hudk, UiBH Pl
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B, RATK trpR JEREEBR ALY, e R4
FAf A lacR B LR AT 4 5 MG AR-R, # trpR Fl
tnaA WU RIS SR B2, FFAESE 4L 46 A lacR |19
THEH A4 0 MG ART-R,
2.3 FRAIME

BT X 5 4 1 pZE12-aroG™ #& A~ FRL Al
PZE12-trpED™ [ Ppjpco.i-trpED™-T1 F B, 53 555
KB h 4000 bp (& 5A)F1 3500 bp etk A BR (Kl 5B),
WX WA B Bl K, W E pZE12-aroG™-

1000 bp 500 bp

trpED™, Il 5 45 S R WA A 2 o
2.4 EHRIL SDS- PAGE #iN 4R

% BRI LIRS pZE12IMGART-R |
PZE12-trpED™/MGART-R F1 pZE12-aroG™-trpED™/
MGART-R, $2HHEH T SDS-PAGE HLIKAGM , 25
RUE 6 frs, 5% 8 pZE12/ MGART-R A He, B4
T pZE12-trpED™/MGART-R 1 trpED % ik B {3
fn, MEHF pZE12-aroG™-trpED®/MGART-R [
DS Fl AS R RIGIMIF A & .

<—1800 bp
<—1500 bp

~<— 300 bp

4 trpR EFE LUK tnaA EFERKREETER TER
Fig. 4 The verification of trpR and TnaA double genes knock out
A: colony PCR products of trpR knockout positive clone; B: colony PCR products of trpR knockout positive clone after resistant gene is
eliminated from chromosome (control 500 bp, sample 300 bp); c: colony PCR products of tnaA knockout positive clone (control 1800 bp,
sample 1500 bp)

<— 3500 bp

Ll =<— 4000 bp

A B

5 JRHL pZE12-aroG™ -trpED™ ME L EHE R FEE
Fig.5 \Verification of pZE12-aroG™-trpED™"

A: PCR amplification of the whole pZE12-aroG™"; B:
PlLiaco-1-trpED™'-T1 PCR fragments

25 EBIENE

fie BRIy kB 3R OF 5 pZE12/ A RT-R |
pZE12-trpED™/MG ART-R F1 pZE12-aroG™-trpED™"/
MG ART-R, BUFEFFREEM &, 255808 7 Fir,
i &A%, S5 pZE12/MGART-R 1L, pZEI2-
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trpED™/MG ART-R # trpED ¥&PE32 5 T 8.3 1%, 1M
pZE12-aroG™-trpED™/MG ART-R 4 aroG #i trpED
TP AR S T 4.3 F5R1 7 5

Marker GE ED Control
' — trpD
[ — St
el S «— aroG

6 ZEHAFKiX SDS-PAGE #R
Fig. 6 SDS-PAGE analysis of total cell protein
Control: pZE12/MG ART-R; ED: pZE12-trpED/MG ART-R; EG:

pZE12-aroG-trpED/MG ART-R
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aroG activity
o

Control EG/RT
45
40p B
35
30
25
20
15
10

5

0

trpED activity

ED/RT

Control EG/RT

7 DAHP & piBE(DS) 48 & 2 X F ERER(AS)IE 1 E
&R
Fig. 7 The activity of DS and AS
A: DS activety; B: AS activety. Control: MG ART-R; ED/RT:

PZE12-trpED/MG ART-R; EG/RT: pZE12-aroG-trpED/MG ART-R

26 BREBIRENE

& W% pZE12/MG1655 . pZE12/MG A R-R .,
pZE12/MG A RT-R . pZE12-trpED™/MG A RT-R .
pZE12-aroG™-trpED™/ MG ART-R, 4% [ ODgoo
IRE] 3B, BRI TI0E R B A5 R 8
firos, I ATHL pZE12/MG1655 % B H (0 44 PR e
FE 2.5 mg/L, L DR R SR TR 64 2408 7 i R 25 mg/L,
XU IR Rt 9% 7 (2 0 B P4 48 mg/L, pZE12-trpED™/
MG ART-R 428 [% 775 H 168 mg/L, 1 pZE12-aroG™'-
trpED™/MG A RT-R {44 7= it ik 5 T 820 mg/L.
900
800 r
700 1

600
500
400
300
200 ¢
100
000 P
MG R RT
8 AREE#MEBIBRTE2ILER
Fig. 8 The tryptophan production of different stains
MG: MG1655; R: MG AR-R; RT: MG ART-R; ED/RT: pZE12-

trpED/MG ART-R; EG/RT: pZE12-aroG-trpED/MG ART-R
3 W
R FE 0 07 5 IR S AL R AR W& R AR P, AP AE

Concentration of tryptophan/(mg/L)

ED/RT EG/RT

H TR HLE, SR B A7 76 6 41 i Y
0 S R 1 R P AR5 7E — 8 (W AR IR B 22 P . AR SOR
TR A R DA P i B KB AP R AT 1 s,
I HCEE T R A S R el 2 AR e ) 3 AR
B 55 B MG1655 A EL, trpR B JE DR B i (0 2 IR
PR T 10 %, ULBH RBR TS 1 AR A
N B 32 G RR T A2 3 199 J i B R 45V TR R T
FRFE R RS, PR thaA J5, TREHE @& IR ™
SR T 20 4%, 15 B LI P o R R A 3 o
o L P9 8 R VR Bt S A B . 5 MG ART-R ML,
T pZE12-trpED™ MG ART-R #Y trpED {5 PE#2
mTO83 M, AR T 3.5 5, LRE
pZE12-aroG™-trpED™ /MG ART-R {8,542 " - #2155
T 17 1%, aroG™ FI trpED™" (3% PE I 4> BIHE R T 4
FEFT 7.3 4%, BEHIFEXARR trpR A thaA 807
FERR T N A LAk b, el R ERR R R A kAR
OBl il ol FL TS M B 5 S BT TR A R o 1
— L FtE.

FEIX AL I R, A SCRIH Red E4
(4 J5 1k 56 I B T R FF TR G AR b i A S TR
trpR LKA tnaA JEN, 7ERERR trpR JERET, FRATHE
JeAEPUERE N WIS BETT T 36 bp WIRITEFS, 4%
LG 2 5 0 s e A TR AR BE M, FRATT 40 W] g
S R R BOK R, Gtk i BoiE A B Y o A H At
fE b, SFEBMHEM A FRITEE I T
overlap PCR 514 N1 1 N2, 4 1tk 3 IR 94 sy ] 905
GIGEMFE] 60 bp JF MINAY @SR T trpR L . FPR
tnaA B, kPR E R R R B L R A i TR D5
BEKE AR 3A F] 420 bp 1 480 bp, ML Z 5K H K
BT R IR A AR R PHE T . X R IAH Red
ARG T IR AR B, B[R R B K B T R
A B R A B

IERT, AL EMET pBV-trpED™-aroG™
(RER), FEXA TR, AR RS &+ [F—
B F R T A — RN T, R A GRS,
trpED . aroG 936 M DL K o R ™ A /NI B3 Tt
o 1 BGX ARG W REA A0 R A N R, —
JE pZE12 #8 DUBCEAR, Rk rymg e A b, i
pBV # UL R, RIAENAMREZ A, AF|
Frrmig e, s, AL, AL
B2 AR s P& PR, 584 FEREH
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