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Modular engineering of Escherichia coli for high-level
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Abstract: As an essential amino acid, L-tryptophan is widely used in food, feed and medicine sectors.
Nowadays, microbial L-tryptophan production suffers from low productivity and yield. Here we
construct a chassis E. coli TRP3 producing 11.80 g/L L-tryptophan, which was generated by knocking
out the L-tryptophan operon repressor protein (#7pR) and the L-tryptophan attenuator (#rpL), and
introducing the feedback-resistant mutant aroG™. On this basis, the L-tryptophan biosynthesis
pathway was divided into three modules, including the central metabolic pathway module, the
shikimic acid pathway to chorismate module and the chorismate to tryptophan module. Then we used
promoter engineering approach to balance the three modules and obtained an engineered E. coli
TRPY. After fed-batch cultures in a 5 L fermentor, tryptophan titer reached to 36.08 g/L, with a yield
of 18.55%, which reached 81.7% of the maximum theoretical yield. The tryptophan producing strain

with high yield laid a good foundation for large-scale production of tryptophan.
Keywords: L-tryptophan; Escherichia coli; metabolic engineering; modular engineering
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Figure 1 Major metabolic pathways associated with L-tryptophan biosynthesis in Escherichia coli. A blue
indicates that the corresponding gene was knocked out. Red arrows indicate that the corresponding gene was
overexpressed in plasmid. The dashed arrow represents a multi-step pathway. The solid arrow represents a
one-step pathway. The orange arrows indicate that the corresponding gene was amplified in genome. Py,
IPTG-inducible promoter; Pj3;59, Pr23ios and P34 Constitutive promoter. tktA: Transketolase gene; ppsA:
Phosphoenolpyruvate synthase gene; aroG*: 3-deoxy-D-arabinoheptulosonate-7-phosphate synthase gene; aroB:
3-dehydroquinate synthase gene; aroE: Shikimate 5-dehydrogenase gene; aroL: Shikimate kinase gene; trpE™:
Anthranilate synthase 1 gene; #rpD: Anthranilate synthase II gene; #pC: Indole-3-glycerol phosphate
synthase/Phosphoribosyl anthranilate isomerase gene; trpB and frpA: L-tryptophan synthase subunit beta and
alpha gene; prs: Aromatic amino acid exporter gene; serd: 3-phosphoglycerate dehydrogenase gene; trpR:
Transcriptional repressor for trp operon gene; trpL: Attenuator for trp operon gene; poxB: Pyruvate oxidase B gene;
ldhA: Lactate dehydrogenase gene; tdcD: Propionate kinase gene; dld: Quinone-dependent lactate dehydrogenase
gene. G6P: Glucose 6-phosphate; PEP: Phosphoenoypyruvate; PYR: Pyruvate; ACCoA: Acetyl-CoA; E4P:
Erythrose-4-phosphate; DAHP: 3-deoxy-D-arabinoheptulosonate-7-phosphate; DHQ: 3-dehydroquinate; DHS:
3-dehydroshikimate; SHK: Shikimic acid; S3P: Shikimate-3-phosphate; CHA: Chorismate; ANTA: Anthranilate;
RRA: N-(5-phosphoribosyl)-anthranilate; I3GP: (15,2R)-1-C-(indol-3-yl)glycerol 3-phosphate; TRP: L-tryptophan;
R5P:  Ribose-5-phosphate; PRPP: Phosphoribosyl pyrophosphate; G3P: 3-phosphoglycerate; P3P:
3-phosphopyruate; S3P: 3-phosphserine; SER: Serine; LAC: Lactate; ACE: Acetic acid.
&: 010-64807509
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Table 1  Strains and plasmids used in this study

Strains and plasmids Relevant characteristics Sources

Plasmids
pBR322-023 Derivative of pBR322-023, ColE1 ori, Tet® Lab storage
pRSF-D Derivative of pRSF-Dute, RSF ori, Kan® Lab storage
pTet-D o Derivative of pTet-Duteb?b 15A ori, Cm® Lab storage
pBR322-023-aroG"™" ColEl ori, Tet, Py, aroG”" This study
pTet-L-aroB P15A ori, Cm®, PJy;14, aroB This study
pTet-M-aroB pl15A ori, Cm®, Py3,0s, aroB This study
pTet-H-aroB P15A ori, Cm¥, PJy;10, aroB This study
pTet-L-aroE pl15A ori, Cm®, Pjo3y14, aroE This study
pTet-M-aroE P15A ori, Cm¥, Py;0s, aroE This study
pTet-H-aroFE pl15A ori, Cm®, Pjr3500, aroE This study
pTet-L-aroL P15A ori, Cmi, P304, aroL Tﬁis stugy
pTet-M-aroL p15A ori, Cm™, Py3;9s, aroL This study
pTet-H-aroL P15A ori, Cm¥, P 23,70, aroL This study
pBR322-023-aroG™-trpE" DCBA ColE1 ori, Tet®, Py, aroG"", P, aroG™" This study
PRSF-L-prs RSF ori, Kan®, P34, prs This study
PRSF-M-prs RSF ori, Kan®, P;,0s, prs This study
pRSF-H-prs RSF ori, Kan®, P;,70, prs This study
PRSF-L-serd RSF ori, Kan®, P 3,14, serd This study
PRSF-M-ser4 RSF ori, Kan®, P38, serd This study
pRSF-H-serd RSF ori, Kan®, P 53,50, serd This study

Strains
E. coli IM109 General cloning host TaKaRa Bio
E. coli TRP Derivative of E. coli W3110, capable of producing L-tryptophan Lab storage!'”
TRP1 TRP AtrpR This study
TRP2 TRP1 AtrpL This study
TRP3 TRP2 AaroG::aroG"" This study
TRP3-1 TRP3 ApoxB This study
TRP3-2 TRP3 AtdeD This study
TRP3-3 TRP3 Apta This study
TRP3-4 TRP3 AackA This study
TRP3-5 TRP3 AldhA This study
TRP3-6 TRP3 Adld This study
TRP4 TRP3 ApoxB::ppsA This study
TRPS TRP4 AldhA::tktA This study
TRP6 TRP5 pBR322-023-aroG"" This study
TRP6-0 TRP6 pTet-D This study
TRP6-1 TRP6 pTet-L-aroB This study
TRP6-2 TRP6 pTet-M-aroB This study
TRP6-3 TRP6 pTet-H-aroB This study
TRP6-4 TRP6 pTet-L-aroE This study
TRP6-5 TRP6 pTet-M-aroE This study
TRP6-6 TRP6 pTet-H-aroE This study
TRP6-7 TRP6 pTet-L-aroL This study
TRP6-8 TRP6 pTet-M-aroL This study
TRP6-9 TRP6 pTet-H-aroL This study
TRP7 TRP6 AtdcD::L-aroB-H-aroE-M-aroL This study
TRPS TRP7 pBR322-P,,-aroG""-P ., -trpE* DCBA This study
TRP8-0 TRPS pRSF-D This study
TRP8-1 TRP8 pRSF-L-prs This study
TRP8-2 TRP8 pRSF-M-prs This study
TRPS8-3 TRP8 pRSF-H-prs This study
TRP8-4 TRP8 pRSF-L-ser4 This study
TRPS8-5 TRP8 pRSF-M-serd This study
TRP8-6 TRP8 pRSF-H-serd This study
TRP9 TRP8 Adld::H-serA-M-prs This study

H: High expression level under P ;3,9 promoter; M: Moderate expression level under Pj,;3;9s promoter; L: Low expression level
under P 3,;, promoter.

&: 010-64807509 : cjb@im.ac.cn
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Table 2 Primers used in this study

Primers Sequences (5'—3") Sizes (bp)
N20-poxB-F CATCGGCGCTCACAGCAAGGGTTTTAGAGCTAGAAATAGCAAGTTAAAAT 50
N20-poxB-R~ CCTTGCTGTGAGCGCCGATGACTAGTATTATACCTAGGACTGAGC 45
poxB-1 GAAGGAGATATACATATGGCAGATCTGGCTCCGTATATGGATTGGGTAGAG 51
poxB-2 TTATTATGACGGGAAATGCCACCCTTTGGTTCTCCATCTCCTGAATGTGATAACG 55
poxB-3 CGTTATCACATTCAGGAGATGGAGAACCAAAGGGTGGCATTTCCCGTCATAATAA 55
poxB-4 GCAGCGGTTTCTTTACCAGACTCGAGATTCCCATGCTTCTTTCAGGTATTCCCGCG 56
ppsA-1 ACAGAAGCGTAGAACGTTATGTCTG 25
ppsA4-2 AGATATTATGCGGCGTTTAACGCAG 25
N20-tdeD-F GGCCTGGTTGTGGCGCATCTGTTTTAGAGCTAGAAATAGCAAGTTAAAAT 50
N20-tdeD-R AGATGCGCCACAACCAGGCCACTAGTATTATACCTAGGACTGAGC 45
tdeD-1 GAAGGAGATATACATATGGCAGATCTCAAAGCGCAGAATATTCCAGTGCTTT 52
tdeD-2 ATAATCTCTCTACAATACTTCAACTAAACTCTTTTCTCATCCTGAGTTACGGATTA 56
tdeD-3 TAATCCGTAACTCAGGATGAGAAAAGAGTTTAGTTGAAGTATTGTAGAGAGATTAT 56
tdeD-4 GCAGCGGTTTCTTTACCAGACTCGAGACATCAAATACGCCCTGGTTATGGG 51
aroBEL-1 CTACGAAGGTGCATTGAAGGCATACGTGCCGATCAACGTCTCA 43
aroBEL-2 GCACAAATGACACGCGCATTTCAACAATTGATCGTCTGTGCCAGG 45
N20-IdhA-F TTCTCTCTGGAAGGTCTGACGTTTTAGAGCTAGAAATAGCAAGTTAAAAT 50
N20-/dhA-R GTCAGACCTTCCAGAGAGAAACTAGTATTATACCTAGGACTGAGC 45
IdhA-1 CAAGCAGAATCAAGTTCTACCGTGC 25
ldhA-2 AGCGGCAAGAAAGACTTTCTCCAGTGATGTTGAATCACA 39
ldhA-3 AGAAAGTCTTTCTTGCCGCTCCCCTGCATT 30
IdhA-4 TGTCTGTTTTGCGGTCGCCA 20
thtA-1 TCACATGTTTATTCTTGAGCTTAATATCCCGACTGGC 37
tht4-2 AAGCTCAAGAATAAACATGTGAAAGAGAACGCGGC 35
N20-dld-F TTCTGGTTGCGCCGGGAAGCGTTTTAGAGCTAGAAATAGCAAGTTAAAAT 50
N20-dld-R GCTTCCCGGCGCAACCAGAAACTAGTATTATACCTAGGACTGAGC 45
dld-1 GAAGGAGATATACATATGGCAGATCTGATATCCTGACGGGTTACGGTGTTGA 52
dld-2 TGGCGATACTCTGCCATCCGTAATTTTTTCCACTCCTTGTGGTGGCGAAAAA 52
dld-3 TTTTTCGCCACCACAAGGAGTGGAAAAAATTACGGATGGCAGAGTATCGCCA 52
dld-4 GCAGCGGTTTCTTTACCAGACTCGAGGAATGAACAACACGCGCTTTGTTGAA 52
serA/prs-1 GGAGTGGAAATTACATTAATTGCGTTGCGCGGATC 35
serA/prs-2 TCCGTAATTTAGCTGCGCTAGTAGACGAGTC 31
aroG-F TCACATGTTTATTCTTGAGCTTAATATCCCGACTGGC 37
aroG-R AAGCTCAAGAATAAACATGTGAAAGAGAACGCGGC 35
trp-F TTAAGGTGGATGTCGCGTTAAGCTTAACCTATAAAAATAGGCGTATCACGAGGC 54
trp-R CTGCAGTCTAGACTCGAGTAAGGATCCCGACACTCATTAAAATTAGTCGCTAATGA 56

http://journals.im.ac.cn/cjben
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B TEM, FEEMAEE 3 AN (1) @mbREE
Y& R s (2) TERI Y06 LR A7 s A A
L-(O PR ETAS AL (3) srfb&Rik L-(0%R
A AR A A EESE N aroGMY L R T FEAKEI
P CRIRER, S RIRIBRIER E. coli TRP3
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Figure 2 Fed-batch cultures of Escherichia coli TRP and E. coli TRP3 in 5 L fermentor. A: The L-tryptophan
titer, ODgoo and glucose concentration of strains E. coli TRP and TRP3 in 5 L fermentor. B: Comparison of
lactate and acetate concentration in fermentation broth.

T TR R E AL B pox B0 IR K il Ik
tdeD'">? | BEIR IR IE A pra TN 2R
BN ackA™, FASRASHIE E. coli TRP3-1
(ApoxB) . TRP3-2 (AtdcD) . TRP3-3 (Apta)Fl
TRP3-4 (AackA); HJ T FEAKRI ™Y 3R G AL,

I3 BIRBR E. coli TRP3 H i 3L R i & g 5 [
1dn APV TR A 5 70 - 2L R A T 1 G S 3 TR
did®, RIGRAEE K E. coli TRP3-5 (TRP3
AldhA)F1 TRP3-6 (TRP3 Adld) (Kl 3A), &
KR, ARFEF MR, X kA KA
FEA RN [F AR EE 52 (K] 3B), 5 E. coli TRP3
FIEE: (1) #EBE poxB, f#i ODgoo #2751 9.1%,

1M pta F ackA WIREERWIE R ODegoo 53 HIREAR
18.3%F1 37.1%, tdcD. 1dhA 1 did BRsRE B
W AERKKAEREZW; 2) @bk poxB
ldhA , i L-E 2R 5o 5l E T 4.9%
3.8%, TMRLER pta F ackA WfHE =43 B FEAR T
22.7%FH0 34.6%, KR tdeD F dld ¥ L-{4 R -
WA RELN; (3) @bk ldhda F poxB, ik
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LR B T 5.1%H1 3.5%, ks pta 1 ackA
AL R BRI T 6.6%F1 11.9%, T A%
tdeD 1 dld XEACFBAA PR, Fikgs
R, @R poxB AR THEMIAK 577,
R ldhA AR TS AL, MR pra 1
ackd AR FARSEERAER . RS, 1
MR tdeD T dld TP AN L3 iR A 7

N T IR EHTA PEP I E4P AOHLLY , 7ERITE
E. coli TRP3 H¥f ppsA (4wt PEP 4fi) 144 45 %)
poxB ALK E |, FRAG &k E. coli TRP4 (TRP3
ApoxB::ppsA), HAEFEHKE-H L-EA TR e $e
A 2,05 g/L, FHlFEER 6.55%, BEHK E.
coli TRP3-1 /355 5.7%F1 4.3% (& 3C)., #F
— 3 R IR E. coli TRP4A th L[N PEP 7 5%
18.60 nmol/g DCW, # E. coli TRP3-1 #5571
12.5%; T E4P & 4 JLF A4S, PEP 5 E4P 1
FUIELFH E. coli TRP3-1 {9 1.58 ¥4z 1.79 (K
3C), HHE—, B thed (GmiSE R EEER) S
FTEK E. coli TRP4 WY ldhA OB |, 753
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RASEMR E. coli TRP5 (TRP4 AldhA::tktd), HAE
PO b - AR i m E 2.31 g/L, FARN
7.21% (8 3C), Hitk E. coli TRP5 iy E4P HeRE4S:
K E. coli TRP41 T 16.3% (10.38 nmol/g DCW
$2 %] 12.07 nmol/g DCW), PEP 5 E4P [ {H
K= 1.51 (F 30).

PEP #il E4P 455 TE M DAHP, ANUETHEE
TR A AR e o BT, e L-BARE
R A% ) SRR BRI, AE E. coli Y, %
JZ i AroG . AroF Fll AroH = ~[6] [.fif$(DAHP
A ILF e, Hd AroG BEIE 5 BT A9
80%, FFHIZMEZZ -2 P8 2R 1 S i i 20
N T R E IR DAHP IR E, 78 E. coli
TRP5 it ik aroG™ (FLRBRRARK), RIS H
¥k E. coli TRP6 (TRP5 Pyue-aroG™), TEREIMK
b -aERREEE 2.82 gL, bRk
7.89% (K1 3D). #£ 5 L kb (& 3D), E.coli
TRP6 1) ODgoo H 84.3, Wk E. coli TRP3 #2
T 39.3%; L-fA SR i it Al AR 43 Jil ik 3
17.43 g/L F111.20%, % E. coli TRP3 4354 &
T 47.7%H1 35.8%; TE™ ) LR FIZLIR & it 43
WITF RS 3.47 /L Fll 5.41 g/L, FIEKK TRP3 43
FIFEAE T 64.0%F1 56.4% (& 3E), 4 FFTiR,
T AL H O ARG AR T DA 55 e R RN B A
AR PR, DS INAT AR, BB AL
M B AR A e RE . SR, TR R AL AR
WRM, FFRRRIER 25 IR b A
Yy 3- WA T B RN TE B R % 1 43 il ik B 4.52 g/L
M 2.50 g/L, TMis LB EAHN 0.64 g/L (K
3E), X545 R, FFEBIBRPOREAL, T
PAGHIR 3-I A TE R FIZE R 0N 73 3R
23 MUEERRIRZIE NS LB A

WE 4A FroR, F BRI 12 1Y O AT 1
aroB. aroE Fl aroL %} L-t0 2 R & W HA EER
my B Sk, R 3 ASKFEME s
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(Pr2s119) (P 23108) FUK Pz i) P 2 aroB .
aroE 1 aroL Feik /K-, ¥ T 9 BRI T AR pH
(¥l 4B). #E ML (8 4B)ERW, 5 E. coli
TRP6 At : (1) 43N aroB 7EAK(TRP6-1), H
(TRP6-2)., 5(TRP6-3)/K-F-ZHKiAMT, LR ™
TR 6.7%. 6.0%13.0%, FEAbF5 514
B 6.6%. 53%F1 0.1%; (2) 43EH aroE 1E{K
(TRP6-4) . H1(TRP6-5) . 7= (TRP6-6)7/K *F- 3% ik
B, LB i 4 9.3%. 12.8%F
17.2% , %46 2 73 514 & 5.5% . 8.1%
10.4%; (3) MK aroL 7E{%(TRP6-7),
(TRP6-8), /i (TRP6-9)/KF-FiARf, L-(BZ R
PR RS 6.7%. 20.4%F1 7.7%, FEALFS
BHRE 6.7%. 11.8%F1 5.8%. X Fikgs R ittr
mak, KRIYIEE aroB KK F(TRP6-1)., aroE
5 7K (TRP6-6) . aroL w1 7K *F- (TRP6-8) 3 ik
i, L-gER - A5 3.01, 3.31 #13.40 g/L,
ALK 8.41% ., 8.71%F1 8.82%.

BT ARG, Rk E. coli TRP6 HU
L-aroB-H-aroE-M-aroL Ji Bt 2H -G 23500 2 LR 21,
tdeD [WEEREE |, 19358 H Pk E. coli TRPT
(TRP6 AtdcD::L-aroB-H-aroE-M-aroL). F&3H 5%
RW, WK E. coli TRP7 A KA KA i &7
fb, B L-ER ™ E AR ER E. coli
TRP6 43 425 T 36.5%7F1 18.1%, k%] 3.85 g/L
M9.32%. #£ 5L KMEfEP KB40 h, EOER™
FEEEAL Ry HAE] 23.41 g/L F1 13.41% (&
4C), EHE E. coli TRP6 23 53EE T 34.3%F
19.7%. 1fii DHS #l SA FEDH T 66.6%
(4.52 g/L FFEF 1.51 g/L)F 65.6% (2.50 g/L F %
£ 0.86 g/L, K 4D), AT/ RS 0.64 g/L
PLE R 3.64 g/L (E. coli TRP6, [l 4D), Fik%s
RN, #WiE g F TR A Rk E, 6
AR AP AR, S LB
BRI
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Figure 3 Effect of redesigning central metabolic pathway on L-tryptophan production. A: The diagram of
redesigned central metabolic pathway. The red arrow indicates the corresponding gene which was integrated
and overexpressed. The blue indicates the corresponding gene was knocked out. Each gene encodes the
following enzymes. ackA: Acetate kinase A; pta: Phosphate acetyltransferase; poxB, IdhA, tdcD and dld was
shown in Figure 1. B: Effect of gene deletion on L-tryptophan production in shake flasks. C: Comparison of the
production performance and precursors PEP and E4P concentration by E. coli TRP3-1, TRP4, TRPS in shake
flasks. D: The production performance of E. coli TRP6 in 5 L fermentor and shake flasks (the inserted figure). E:

The accumulation of by-product and intermediate metabolite by E. coli TRP6 in 5 L fermentor.
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Figure 4 Increase the intracellular chorismate content by optimizing the shikimic acid pathway. A: The
optimization of shikimic acid pathway to CHA. The red bold arrow indicates the key gene which was optimized
and evaluated. B: Effect of individual genes on production performance, and the result of shake flask
fermentation using the optimal combination. H: High expression level under Pj;;;,0 promoter; M: Moderate
expression level under Pj;;;9s promoter; L: Low expression level under P34 promoter. C and D: The
L-tryptophan titer, cell growth, glucose concentration and intermediate metabolite content by E. coli TRP7 in
5 L fermentor.
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Figure 5 The optimization of CHA-L-Trp module
red arrow indicates the corresponding genes were

. A: The optimization diagram of CHA-L-Trp module. The
overexpressed. The orange arrow indicates the key gene

which was optimized and evaluated. B: The cell growth, the titer and yield of L-tryptophan of different
engineered strains in shake flasks. C: Comparison of the precursors (Ser and PRPP) titers in E. coli TRP8 and
TRP9Y in shake flasks. D: The L-tryptophan titer, cell growth and glucose concentration of £. coli TRP9 in 5 L

fermentor.
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TEFE P L- 2 R 7™ & (5.48 @/L) Al % Ak &
(10.65%) LI kK E. coli TRP7 43 B4 E T 42.3%
F114.3% (B 5B). R THEM - TRATIRZZ2
25 PRPP fitNy, i@xt)a s+ T HIX 222
1R BB A LN serd Il PRPP & G AL
prs FRIBACEIATRAL, K45 6 BRILH T2
# (& 5B), RIBEE serd Fik KRR, @
PRAEK | PP A ARG TR T, S
SRIE S B 13RIk serd BF, ODgoo. L-(2R" i
FEEAL Ry 5k 5] 30.15, 6.68 g/L 1 11.56%,
FLEERE E. coli TRP8 43 Jl# 5 T 12.9%. 21.9%
Il 8.5%. MILH prs FiLAKF-TEH (TRPS-5)F
= (TRPS-6)}, -2 w i T+ 2 5.85 g/L #l
5.86 g/L, HHARE E. coli TRPS-5 554LK L
E. coli TRPS ##5 T 5.4%. Hit, ¥ILH serd
M prs - iEGIE R . KRR, AR L-
BERE N, HIt, ¥ H-serd-M-prs 4155
Bt Z KR E. coli TRPS F&[HAL did FEIH B I,
3415 E. coli TRPY (TRP8 Adld:: H-serA-M-prs). 1E
PO - s LR A E] 7.05 /L
A 12.10%, HHEFRE E. coli TRPS 435lEmE T
28.6% 1 13.6%, THIN2Z2 R PRPP &
E. coli TRP8 4B E T 25.7%H1 7.2% (1€ 5C).
5 L KRR REE 40 h, REEZRWME 5D fr
7N: HER E. coli TRP9 ) ODgoo. L-f0% 8% /' &t
AL 13K F) 95.6. 36.08 g/L il 18.55%.
LWk E. coli TRPT FLL, 2 518EM T 18.9%.
54.1%F1 38.3%, I AME LW P LT A5
Oy XTRIAFTE . XSELE R, A ERE L@
QIR AL REA SO IR -0 &R Y AR 7
(VIR

3 WRE5RE

-2 R WY & W b R
(Embden-Meyerhof-Parnas pathway, EMP) I

&: 010-64807509

TR 14 14 (pentose phosphate pathway, PPP)Hj 2%
wAie, Hrp EMPZ#&EIE SR PEP 5 PPP ixi2IE
i E4P 7E DAHP & [ 09 #1646 & I 1
DAHP™, GHFFEW, il EMP 4% (R ht
FEHGIL I PPP AR AR B — 09,
KIGFFHE PR 2 HA 3%H PEP £ T4 W5 &
HREFIE, HGEIRNEY ARG E R -6
AR A R Z R, B g™ P 5 G ik
Wi AR R LA R A A AR AR R
FEAE S ABIESEE AU Wk o B DL s Ak
TR, XX m Bt T REMEML. B
S6, XIERLFME E. coli TRP3 ()& BRI 746
B, B KGO MARMME, Rk, &bk
T ORAMEALIR A A EE) 6 DI poxB .
tdeD . pta. ackA. ldhA F did, W5+ PEP &
T S LR ppsA #8452 poxB I FER e,
SRR BTG GmA 3 (R thed HE A5 IdhA LR E .
KEELE LM, MM ETA PEP F1 E4P B 40
LR 12.5%F11 16.3%, 1 &I 7=4) 2 B AFLAR (1)
TR DIEM 64.0%H 56.4%; 4FXFEI=4) 3-
RN N S B N R B U= o R il B 1
PRI A2 22 0 SC PR AR ) S ) aroB . aroE Fll
aroL A3 EHITEAR . & . TPk, BEA AR
3-JBd S F R RN 2 H R O i 4 IR 66.6% Fl1
65.6%. EFXTAr BRI G R 0.64 g/L HEINE
3.64 g/L, il fb L-OEAREBI T RIRIE, [F
BHEA 7 IR % -0 Z R AR TR R A ) Jot 22 2
FRFI PRPP & B S ERIE [N serd Ml prs, FRAG
Rk E. coli TRPY, HAE 5 L ABEREH &% 40 h,
ODsoo « L~ 5 T2 7™ 15 FIWH IR %% £k 2R 43l 35 2
95.6. 36.08 g/L Fll 18.55%.

Bl A A P2 T B AN T R, ok i
Z WA TR SRS N ] T - 2R Ak Ak
AU T BRI EERE E T LR
7 AL SRR g R R SO A A R A
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FFRS KRG R R O Tl A" #
PR(ER 3). 3R 3 PR AR A LR
R TR, (HA P ELT 2 KIGA
W 2 A%, BRE T kA . ik, BHEA
B B AR TR oGl RIS
L-E R = 7 WA . TERTIIOESE T, A< EBA#E
1P PEP 5 E4P b4 | ik 2z 2R IL ) Fisi
bz RS, f -AEARNERAE
52.1 g/L, #AbRAF] 17.1% ", AR T
- R 77 i, ERIR 5 (b R s % 1k
R 753%, WEIGI TIRYIRA . H T —
AR IR LA, MG ST TR F 4
Tk BELTDA R e A 20 4 e P AL L eloos o) 2
iz A %i(glucose transport system, PTS). Ji/DfiK
TLTE A AT ACEE N S T . K AT R
TR s it A W TR - W 5 T2 e % g - ) 2 W e 15 &R
Bi(PTS FRYL)HAE T KL 50%I1 L-(AZFRETIAY)
Jii PEPPY, SBuME AGF R RS ABGE i T
—, ff L-AERRFEHE LR 22.7%,
it LA R B R L A, TEXS
PTS & %4 " 19 W iR 4% /K &5 H (phosphocarrier
protein, HPr)#FATIR ADFSE AN |, HE T —
FY] HPr 78K, AT G bRBE IR e b R 48 =
450%™, B—J71, Wu ZPUHIF Red [ E

x3 £ L-eaBEMNSNARI

HAEG, WEATMWEMA PTS RERL
(ptsHIcrr glf-glk Fl ptsG R L-{0 2 R = P~ 14,
SRR LR Bl T 26.5%M1 17.6%. 1H
J&, PTS RGLHRFES™ L0 TR AR A A K
REJT, Wi, BEFEN DU 5] AGE S5 T
(Zymomonas mobilis) ) 1) % BEAR 3 HUE -5 4
PEPRRIE N (glf-g )R FHAC PTS R4E, [FRF5IA
H B AU T I (Bifidobacterium adolescentis) ) FE
Xfpk At B4P BN, AU T TR Rk
AAHERE, B - SR AR R AL AR AT R
WEEE R, GAF] 22.7%% . i i AR B IR £
WA RS BERYEAT, MInT i -t 2R AR 4R
T 182%, [FIREI" L BRE RIRAL T 53.5%;
i I L FIR ARG U OCHEEE N ppsd 1 thed
fif LR AL 14.74% 32T+ % 16.44%, &
BT 1L5% M R, - R LR AT
SRMELVBRAG S B i . e S rh, g AR
B 3 B A R AL TR AR L- (0 2 R A
Y LR AR TP N AR, i TR RAR E. coli
TRPO 1A )75 JB 5 oA o = R RR PR B AR ZE AN K
ATEOL S, PR LRI R 2 18.55%, JERLgHy
LI 81.7%. X—EUEBMCHINITE P AR T4,
i ARG AT AR(TRPOME R T 30.6%!),
RIS TP R A B RR(TRP12) B i T 8.5%!),

Table 3 The engineered strains for efficient produce L-tryptophan

Strains Titer (g/L) Yield (%) Productivity (g/(L-h)) Carbon source References
C. glutamicum KY9218 58.0 NA 0.725 Sucrose [36]

E. coli S028 40.3 15.0 0.661 Glucose [9]

E. coli FB-04(ptal)ApyfK 45.5 14.0 0.948 Glucose [33]

E. coli KW023 39.7 16.7 0.827 Glucose [37]

E. coli SX11 41.7 22.7 1.040 Glucose [35]

E. coli TRP12 52.1 17.1 1.450 Glucose [13]

E. coli TRP9 36.1 18.6 0.903 Glucose This study

NA: Not available.
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