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Abstract: Unnatural amino acids are widely used in medicine, pesticide, material, and other industries
and the green and efficient synthesis has attracted a lot of attention. In recent years, with the rapid
development of synthetic biology, microbial cell factories have become a promising means for

biosynthesis of unnatural amino acids. This study reviewed the construction and application of microbial
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cell factories for wunnatural amino acid,

including the

synthetic pathway reconstruction,

design/modification of key enzymes and their coordinated regulation with precursors, blocking of

competitive alternative pathways, and construction of cofactor circulation systems. Meanwhile, on the

basis of the new principles for designing the microbial cell factories, new biosynthetic pathways adapted

to cells and the production environment, as well as new biomanufacturing system established based on

cell adaptive evolution and intelligent fermentation regulation, we looked forward to the further

construction and application of microbial cell factories for industrial bio-production.

Keywords: synthetic biology; microbial cell factories; unnatural amino acids; bio-production
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Figure 2 Design and construction of the biosynthetic pathways of non-natural amino acids. Biosynthetic

pathway of B-alanine (pathway 1); biosynthetic pathway of O-acetyl-homoserine (pathway 2); biosynthetic
pathway of L-2-aminobutyric acid (pathway 3); biosynthetic pathway of 5-mainolevulinic acid (pathway 4).
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Figure 3 Metabolic pathway modification and key enzyme regulation of L-2-aminobutyric acid. Knockout
of thrA to relieve the feedback inhibition of threonine on the key enzymes in the biosynthetic pathway;
deletion of rAtA4 to block the efflux of threonine; modification of threonine deaminase (encoded by ilvA4) to

improve its catalytic efficiency; expression of both threonine deaminase and leucine dehydrogenase (encoded
by leuDH) to increase the yield of L-2-aminobutyric acid.
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Figure 4 Metabolic pathway modification of O-acetyl-homoserine. Deletion of /ysA to block the alternative
pathway of lysine (LYS); deletion of metA and metB to block the alternative pathway of methionine (MET);
deletion of thrB to block the alternative pathway of threonine (THR); modification of homoserine

acetyltransferase (encoded by metXIm) to enhance its activity; construction of the NADP'/NADPH
regeneration system to increase the productivity of O-acetyl-homoserine.
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Figure 6 Metabolic pathway modification and regulation of B-alanine. Deletion of poxB, idhA and pfIB to
block the metabolic flux dispersion of pyruvate; deletion of mdh and aspA to avoid the formation of
byproducts; overexpression of L-aspartate-decarboxylase for high catalytic efficiency; construction of the

NAD/NADH circulation system.

3 R B A B R R A R [ysA, A REH
Wi 2 R IR A%, ek T 22 SRR A ik
RO 55—, R R U — A
QIR MEZRETA, Ft, @ mibr I =R/
TR G R AR P B SR, B s 55 BB
Wi T liEd A%, R T 2 IR O- 2 E-1m 2%
fi g LR

XF B-TN AR L) AR = i R B
FR . LR . F R DL B FAR 2 L B ) 32 B
Y, e EEE AR ER A A, A
BGEAE W BH WA R R 4R & B-IN AR A
RUCHRE W o 3 83 ) 2 O IR B A il e R A
A2 L ) DR 4 A 6 DRI T[] st i 52
EPRHG R FRIL, B TRRIE I B-TN 2R IR
], A TR FLER . BT H R 1T
W, B-RERR T E AR 0.065 mol/L, H—J
1T, 38 2 F R DG BR A, BELT R R ik

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

2, B AN, R AT E R R S L DR LA DR
IR A, B-N AR Sk —
] 0.071 mol/LP*! (I 6).
1.5 ERASFERME T A E BT
LA P AR T R R I S R S S B H bR
PR PR A 22 o AN R AR AR
AR P R A o, DAGE N 40 B A K R A 7= 1
AT, R B AR R AR L G s
JEE R B HLA LA, X B-TN AR 1
TR TR AT A [R) RASE [ B 1 e el it . o S e o
B9 = /AR ZO0 20 L BE LA AR AR S vk
JE UL S B loas st B R T 004k, 2 h JEBEIR i Ak
ik 1.52 mol/mol %W, KB 15h)5, B-
R BRWEEE A5 0.368 mol/L, #—7E 5L &k
FEmE T AT, FEANMEAE K B — e R T,
WOE B-INAR A MasE, EREMMAKET
BT YRR . SR BN, TERE



PR FAEXRREERMBARTI HOBUESNAE 1303

SN, T A AR R, B-TN A R
ik 0.070 mol/L, M FLER & F LR &™),
WeFE iK% 0.160 mol/L; TEMUASMET, B-NA
Rk BE ik 5] 0.098 mol/L, FEEI ¥ &R,
FUEH] 0.169 mol/L. it RE M, HEM Al
Je BA L O R TE 5 Bz BIBEAS , PR PR T
B-NAMRM A AE S o HE—2XF B-IN & BR 4 i
TR T, AR ST R e 1 N R AR
WU, i AR/ R SR R A, i
FEIR M S ARG L- KA SR -o- IR T LA 4 +5
KT I I AR e e OAE  BRAS I I R TR AR
I R A AL L B Ay HEAN LR I, fe 2% B-
PR P ik 5] 0.424 mol/L, WERRFE AL 2553
0.43 g/g HZAIHE, LR R E AR T3
0.050 mol/L LA R,

XA R SE LAY L-2-% 3 T RR AN M T kAT
Syt RE R BEESE , 7E S L K REE R R AR
Pl s AR BE , & 36 h AT, L-2-2 T
R P 77 £ I 0 A AR M 4 20 B AR D)
J&, BRI R, AR E] 9.33 g/L,
FEEY) - EBRARRY, L -m 4
MR e A S UG, FE 7.5 LR TR R R
AN R RS E AT R e, SR BN, 4l
FRE K, K ODg fHiLF] 82.8, O-Z -
o 2 PRAE R 12 h JG IR R, 76 58 h 5k
JEIRE 62.7 g/L, Bl L2685 0.45 g/g HiEIH,
HE= PR ZBRF S 8RR, (HE,
A TRAIBAE FTRL R, AR R R R 22 R 4
kL A 2 7= R At /R FAAR T R 58 2ok

x1 ERASFEBRAMI AE =R

BEA SRR S, IEIVE ARSI, B
T O-LIt-rm 22 AR — TR, W sh ke
PR R T ). X 520k
CERNBRAE 5 L REEED I T kW, L&t
B 7K AR AR A S TR S SRk, R i 2 DA T A R
FRERERRAR T REAS, LTkl , Hir
FEAEERIK 18,5 g/L (6 1),

) RES5ER

A A ) ot ah i aR e Rk
PRI T EETF R AR, MEERRESE
PR e A A T o T N AMIETE B R
A R AR A | OGS A BT LA KA
BUOPRBO P R PR | 5a 4P PR 05 B IR AR A RREBR .
W R G Md  A IEad A A3 RE IR 725 55
H, RINAE KRR G REIRANNE T) A R 55
PR T HEZIE R, AR K IR LR 1 A= Py il
M SE TR, (HUE, 5 EANMEERRM L,
AT ] 7 A A R A by g S L 3
AL, DIREET@Ae . A PR
P AL 4 4 Jay I8 4 25 D TR A KPR TH R Bk
Xt R R T R R A 4R S R OANR . [AIE,
TEA e B R e, s AT o E L 4e
s, BEART A gl e S B,
S MMAY R . BN Tl fedl s
R BB, SEIAR KRR G HREIR & R e R
MEBLit . Jn—Jrihn, & R LA O R4
iR G ORI AR G T 3, BT A
PR AR R, AT PR BT AL

Table 1 Production efficiency of microbial cell factories for unnatural amino acids

Unnatural amino acid Yield (g/L) Sugar-acid conversion rate (g/g) Fermentation scale (L) Space-time yield (g/(L-h))
D-alanine 37.7 0.43 5.0 -

O-acetyl-homoserine 62.7 0.45 7.5 1.08

L-2-aminobutyric acid 9.3 - 5.0 0.19

5-mainolevulinic acid 18.5 - 5.0 -
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