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Advances in fermentative production of L-tryptophan: a review
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Abstract: L-tryptophan is an essential amino acid that is widely used in food, medicine and feed
sectors. L-tryptophan can be produced through fermentation, and the main producing strains are
engineered Escherichia coli and Corynebacterium glutamicum, which are constructed by
rational design methods based on metabolic engineering and synthetic biology. However, due to
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the long metabolic pathway, complex and unclear regulatory mechanism for L-tryptophan

production in microbial cells, the production efficiency and robustness of L-tryptophan

producing strains are still low. In this connection, irrational design methods such as laboratory

adaptive evolution, are often applied to improve the performance of L-tryptophan producing

strains. This review summarizes the recent progress on biosynthesis metabolism of L-tryptophan

and its regulation, the construction and optimization of L-tryptophan producing strains, and

fermentative production of L-tryptophan, and prospects future development perspective. This

review may facilitate research and development for fermentative production of L-tryptophan.
Keywords: L-tryptophan; fermentative production; metabolic engineering; synthetic biology;

adaptive evolution
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Figure 1 L-tryptophan synthetic metabolic pathway. PTS: Carbohydrate phosphotransferase system; G6P:
Glucose-6-phosphate; F6P: Fructose-6-phosphate; G3P: Glyceraldehyde-3-phosphate; PEP:
Phosphoenolpyruvate; PYR: Pyruvate; Ac-CoA: Acetyl-CoA; CIT: Citrate; OAA: Oxaloacetate; XuSP:
Ribulose-5-phosphate; E4P: Erythrose-4-phosphate; RuSP: Ribose-5-phosphate; PPN: Phosphopentose
isomerase; PRE: Phosphoribose epimerase; CHA: Chorismic acid; EPSP: 5-enolpyruvylshikimate-3-phosphatej;
S3P:  Sedoheptulose-3-phosphoserine; DAHP:  3-deoxy-D-arabino-heptulosonate-7-phosphate;  DHQ:
3-dehydroquinate; DHS: 3-dehydroshikimate; SHIK: Shikimate; L-PHE: L-phenylalanine; HPP:
Hydroxyphenylpyruvate; ANTA: Anorethisterone acetate; L-TRP: L-tryptophan; L-TYR: L-tyrosine; PRANT:
5-phosphoribosylanthranilate; CDP: Cytidine diphosphate; IGP: Indole-3-glycerolphosphate; L-TRP:
L-tryptophan; PYR: Pyruvate; L-SER: L-serine.
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Figure 2 Feedback regulation of L-tryptophan in cells.
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AR, W/ T H: trpD S ASH R AR, SN
T LR R FARCE i w bR KA
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A e A i 263K o Zhao Z5 150 1 f#% K% trpED
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$ - BRI AR T 2 13.3 g/Ls ABAA| 25
¥ aroG JEH 5 trpBA LR RIS ik, H
KIGFF AR L- (0 %% ™ it $2 % 823%; Chen 551
WA, RIEETE L-AF e A0 A P
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WA R . 534h, A T BRI e -t
GG A A IE, IS FFIE tnaA JER ARk
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T RIGFF R e 2R A ™ T i 1 AR RRAE , & 30 thaA
P E R R RN R Z —, 7EMAN L%
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L trpRitnaA B R ek () R R AT TR R A5 A 1
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23 BEHERY

MPY L Rk Bl i, S PEL At
WP, X A A B U, BRAR L-
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IRIHLERAS AT 2, N X 38 28 0 B A8 1 = 2
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IR ARSI B T AL sURRAT B Y aroP &
L, f LR B EIRE T 65%; Liu
IR aroP FE[H, K RIHAT R Y LA 2R =
BT 13.3%; BRIGLATHET trpRitnaB X
KR R IR AL R R 2, s LB R i =
F] 145.3%; A5 O hE A EE AroP/TnaB AL
PREAMER LRy et 2 244 gL, H
mtr/AroP AUEE K EEBR T AI mtr/tnaB XU IR R
BRI L~ (0 SR = i T B 5 2 A5 5 5ot
B mtr B, TR O EIR R E
35.87 g/L, JEH K EMRAY 132%; & EE%5E
oF EEBE mtr. tnaB il mtr. aroP JE[A, L-f8 %R
TR R AR LR 17%F 9%, (H4% mtr
tnaB, aroP iX 3 LTRSS, R IER
AT ZFINEIR, LR AR T %

DL BB R, BRI RS
Wt 7 5L R 1 22 TR R T30 43 A Bk S i Al (5L
1 BE W FHE DI REAf S0 & T 3An TR E LA E 7 AR K
JLRAE BT REEOEIN , O S8 L™
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R 1

yddG i [K] G i 1) 3 A 2 11—l 9 I
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AR DR J A T v AT A0 0 O A TR SR TR I R 1 2
—, yddG N A kA A TR T LR AR |
L-fi 2R L- (o 2R A 17 Liu 87N i
Ik yddG BRI, KRB LR N A RV
o, HET L-RNERRM R Wang S5
W R KA pta-mtr JER I E K yddG
B, L-EE R R AU R E R T
48.68%; Liu 5@ 1 B T tddG 1 aroP £:[H 1
M, il -2 R AR Y& R e A e
oA, HL-EmRmEisE T 36.3 g/L.
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24 ENHAEA L-BEEBRETEMERE

B HAT, 2R TR BT 52 3105 il
SCEE B . R IR R L R s R E 22
fE— R EARBfR T HEi R ek
WA 7 LR LR P K — D EH SR R
J& L-(O S R AE L PN i i AR 2R 2o ) 40 ™ A A B
BEPE, PRIHCHR T OO R R BE - (LS R Y T 52
PEXS L- MR KA R ERE X . T
R IEE N, NN LR
HMETIT U/ LA -6, 22 R 119 1 BE P 0 U7 v
Z R R T E R Lt SR B AR A A
PRBEPE AL L2 FL 2 HLBOR N, Jo ik id g 3
P PR Y D7 VA i R R R R R B L6 2R 1) T
ZHe . id 4k (adaptive evolution) @) 2
AT E s - PR 2 v, I Bl R
BE TR 2 2 55 5 125 300 AT g A BT A TR PR Y TR 32 AL
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Table 1 Summary of L-tryptophan production by some engineered Escherichia coli
Starting strain Engineering strategy Titer Reference
E. coli KWO0O01 (Tet", PH5al) BSgInA replaces the original gene gInA, ::icD-::gdhA  1.71 g/L [31]
with J23119 promoter, ::prs with trc promoter, (shake flask)
serA™! ser A™"-thr A™", ::sthA-pntAB with J23119
promoter, pXI11tS
E. coli DJ-4322 (amino acid UV mutagenesis 55.1¢g/L [32]
breeding room of Dacheng
Biochemical Group)
E. coli MG1655 (Lab stock) AtnaAB, tyrR ::Py,-aroG>'80F_ggr AT34ANIGA 41.7 g/L [33]
trpE ::Pye-trpES*F | yjiV 1P, -trpBA,
ynel Py -trpES*'F, yeeP ::Pjys106-yWKB,
yghX ::P.-xfpk (Bifidobacterium adol escentis),
ptsG ::Py.12-gIf (Zymomonas mobilis),
VGV ::Pyi1-12-0lK, ApYKF, YIDE ::Pp-pck,
mbhA ::P,.-pyc’***S (Corynebacterium glutamicum)
E. coli SA01 (CGMCC) ptsHlcrr-, pMG43 Ptac-glf-glk 38.5¢g/L [35]
E. coli W3110 (Lab stock) Alacl, AtnaA, Amtr, Py -trpE* ::trpLE, 49 g/L. [37]
Pyc-aroG* ::tyrR, ApykA, Appc, Ppg-pck ::ycjV,
Pgjir-CitT ::poxB, P o-acnBA-icD ::yghx,
Piac-pyc :yjiVv
E. coli W3110 overexpressed AtrpR, Aattenuator, ApykF, AptsH, 39.7 g/L [40]
aroG™, trpEDCBA M1-37 ::galP, M1-93 ::glk, inhibit pta
E. coli IM109 pEtac-aroG™-tac-trpBA 19.5 mg/L [46]
(shake flask)
E.coli WSH-Z06 (pAP-B03) pAP-B03", ApheA/tyrR, pAP-aroG™ -tyr A™" 55.54 g/L [58]
E. coli W3110 (Lab stock) AlacU169 gal4901Cl1857 A(cro-bioA), rpsL (StrR), 403¢g/L [62]
AaroF, AaroG, Amtr, AtnaA, AtnaB, ALY,
AaroH ::Pj3119.rpsl-tac-(AroGsigor-Ser Anzasainzean)s
Py -trpEsior DCBA
E. coli FEC-01 AtrpR, AtnaB 38.0 g/L [65]
E. coli W3110 (Lab stock) AtrpR ::FRT, AtnaA ::FRT, AptsG ::FRT, 14.4 g/L [66]
AtrpL ::5CPtacs, pTAT, pMCAB
E. coli W3110 (Lab stock) Amtr, pTrp-01, pACYC177-Ptac-yddG 41.01 g/L [67]
E. coli W3110 (Lab stock) AtrpR, AtnaA, Amtr, AtnaB 12.2 g/L [68]
Par® (AtrpR, Apta, Amtr, overexpress yddG 48.68 g/L [72]
AtnaA/pSV-709/pMEL03)
E. coli TRTH (TUST Industrial ~ yddG+Cm® 36.3 g/L [73]

Culture Collection Center)

#) 100 g/L, AR ER R 37 g/L, KHER
PREER T 3 A%, XLk e T 4 5L R 4y
& B thr A SE PR 58 A8 G 0 22 S R 1 A i s e A
HEME

241 fRgER#HKE
1M R R g A N TR ) AR B 9%
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I Site-directed mutations
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Figure 3 Key genes involved in the synthesis of
precursor for L-tryptophan production.
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Figure 4 Schematic diagram of adaptive evolution of L-tryptophan producing strains.
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Figure 5 Part of the structural formulas of L-tryptophan derivatives. L-tryptophan, indole indole, indatin
indirubin, indigo indigo, auxin, 5-hydroxytryptamine, melatonin.

&: 010-64807509 B<: cjb@im.ac.cn



(R

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

KGR FEANIE N B L 2 R 1 )8 2 245
FIER ke, NI Ay 3d ok KMAT B A A= ™ L-
IR B E Hel, ManfT ik — P4t m LR
GIEX7 N v o IS SERIVE =8
3.1 S5-ReREMSRER
BERALBEIR S5-I (tryptophan
5-hydroxylase, TPH)fEfb/E R 5- R (A2 R, 48
0,5 12 i 2 i (tryptophan decarboxylase, TDC)fft
AR 5-F2 {0 % (5-hydroxytryptamine, 5-HT),
5-HT MAIMIE R , EAEsh P al/E b2 o,
BAYUAMN . SLRABLSI K FEREfL D RE, 25 H]
W EAER £ . Park P TE KA 5=
A1k TDC M 5-FALRE(T-5H)IX P> %
AR, T S-HT, 450K, ZEk
A A7 24 mg/L 19 5-HT . TyrR Fi tyrRFEE[K 4w,
A LU 55 i a8 SRR AL [R) AL i A 1 A sk
o N- AR IMLIE 2 W2 MIE R i —Fh A,
Lee 55N 7ERIBR T tyrR JEP A 26 7= B b ik
ik T-5H, 453G B iE R mA 25
N-PUEERR MG R o X SERF RN D L8 2R i
PRE R 5-HT 424t TS .
3.2 FRAFMBEEVSRER
MR LR e FEEAA R
—, e L-OERA T E T, WIS thaA
IR B RBRIZ LA, LAV WA 4 i P 1Y)
B, P LA IRAEARR N SR BE i FSEL AR
JEMMREENT AN Z—, BATIZRN
NS I BE#E C 2 HAA I A P 5, e ik
MREITEAL Ge B~ b R 45 E AR (] i i AR
B RRE N —JE RAR B G}, XA | 284 253
Froe et (HEEEE p A T2 e R B R SR 4
R A O, BRI T A | 2%
JETE LA BR A Ta) R, (5l T3R8  fa b A2 ) o ok
B, SEGEM RGP RIE™ . S E R
T3 — RS A, AATEDT GRS . PUAH TR 55
J5 A EEETE R, S HA s A A I B A

http://journals.im.ac.cn/cjben

HELR.

0GR S IR AT T AR I, DXL s | e A A= )
A TE S A R v Y L R A LA T
3R . Gui FEMYHE T —HR & fmo JEHE K
PR =T, A RARBETE T 2 g/l (A
BRI IR p P2 4k 223.6 me/L MIEERE, [RIATLE
fIA 0.36 g/L i ez BRI, 20 i B SELT )™ 1 K
KT, Du ZEP75E SN fmo FE A thaA 3t
P =k B, S8 T BE 20 i A i, il B 3 2o
R trpR LA | 1 ik thtA JEF Sk, 4l
it 3 Ao 2 M R T R 7 S R A R R A F
0.056 g/L.
33 HBEZRLEVERHE

R 2 (N- 2 b -5- Y 4R35 8 e ) 7 A 4 1k
A )z, [ AT fE i A RREIR | i 256
e, ZFNBORM 7 K eE, B
WIENA BGEREAZ, (AR REINEZE RSNy
¥, HABGRRHELL -8R Rk, R
AR RN g 5-RAX —
A= 9, DL S35 60 i (0 Tk B K B2 I
T 2 A R, Luo 2P0 3o 1) K AR
H A SRR DT B 2 SRR R B dde, e 1h)
PEAL G5 (o BR AL B 2R [N trpH, £3589 4=
PAHIMRAR B R AT 2 o/L, [RINE, AR
yddG FE K AN BAN T L-(L BRI SEB:, SEWT T
L0 S R VA 1) 348 Jim %o o 2B 2R ) e B LA
HEAEM.

4 L-ERARKEAET R

A TR 7% - R A ) T
A P A A i 2o 52 36 4 1 ] A 5 5 1
PEATAR PV AR, XSO R R T A M QR AR
FEE, BRILZAN, (AL SR IR B IR | Ak
R T ZFIIERBT Z AL -G =R
Y7 B (3% 2),



HEERE % | EMABEEEF L-ERRHMARER

635

x2 CIRENDS -BRBRABESHRL

Table 2 Some examples on the optimization of fermentative production of L-tryptophan

Reporters Modalities for improvement Results References
ZHU Xiaowen Optimization of the culture medium used for L-tryptophan yield reached 24 g/L, an [91]
et al. fermentative production of L-tryptophan by approximately 35% increase
Escherichia coli and optimization of the
feeding mode
ZHANG Zhen  Optimization of the fermentation inoculum size Accumulation of by-products decreased, and [92]
and the amount of potassium dihydrogen L-tryptophan yield increased by approximately
phosphate added, and use of mixed fermentation ~ 31.2%.
process
SU Jianmin Optimization of the extraction process and The yield on the separation and purification of  [93]
conditions such as decolorization, reaction, and L-tryptophan increased to 61%
crystallization
ZOU Chun et al. Determination of the specific growth rate and  L-tryptophan production increased by 141.6%  [94]
inorganic salt concentration to optimize
fermentation conditions
YANG Mengchen Change fermentation medium to clear medium  Significantly reduced the metabolic flow of [95]
et al. by-products
MENG Shuaishuai  Optimization of media formulation L-tryptophan production increased by 17.7% [96]
ZHANG Leipeng Optimization of media formulation Increased tryptophan yield to 55.7 g/L, 21.88% [97]
et al. higher yield, shorter fermentation cycle to 36 h
LI Rongjie et al. Glucose solution made from cassava as a Tryptophan production reached 40 g/L [98]
carbon source in the fermentation medium and
sugar solution flowed during replenishment
LIU Xiaodu Addition of trace element chelators to the Enhancement of maximum bacterial volume [99]
fermentation medium of Escherichia coli and L-tryptophan production by about 14% each
LI Jing et al. Realization of cell recycling process for Increased L-tryptophan yield, shortened [100]
L-tryptophan fermentation process fermentation cycle and reduced accumulation of
metabolic by-products
LIU Zhenyu Coupled fermentation and membrane separation Reduced accumulation of metabolic [101]
et al. extraction process by-products and extended production cycles.
LI Rongjie et al. Addition of nonylphenol polyoxyethylene Fermentation cycle 45—50 hours, tryptophan [102]
ether-10 improves the permeability of the cell  yield reached 35-40 g/L, glucose-to-tryptophan
membrane of the bacterium conversion greater than 14%
LU Yu et al. Process mode of constant temperature Acid production increased to over 51%, [103]

culture+low temperature crystal
incubation+constant temperature culture

conversion rate increased to over 19.5%

4.1 IFEFEHERZFHANL
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Promote DAHP synthesis
Enhance enzyme activity in the common pathway

Blocking L-Phe and L-Tyr metabolic pathways

Dredge L-tryptophan branching metabolic pathway

Modified transfer system

Adaptive evolution improved the performance of
L-tryptophan producing strains

Strain construction and
optimization strategy

Optimization of medium
and culture conditions

Optimization of tryptophan
fermentation production

Extraction process
optimization

El6 L-BREREFARUESMUKESLE

High tryptophan pressure screening

The genetic changes of evolved bacteria were measured

Optimized medium formulation

The specific growth rate and inorganic salt concentration were
determined, and the fermentation conditions were optimized

Clear liquid medium was used

Add trace element chelating agent

Cell cycle technology
Optimize the membrane separation process

Coupled fermentation

Figure 6 Summary of the strategies used for construction and optimization of L-tryptophan production strains.
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