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Abstract: L-arginine is an alkaline amino acid that has been used as a neutralizer, moisturizer, and antioxidant in skin
care products. In addition, L-arginine is also widely used in feed, medicine, and food industries. The wide range of
applications for L-arginine has garnered significant attention for its robust production. L-arginine can be produced
through protein hydrolysis and microbial fermentation. However, protein hydrolysis has drawbacks, including
complicated operation, high purification cost, low recovery efficiency, and environmental pollution. In contrast, the

microbial fermentation can use renewable and cheap feedstock. Besides, the process is performed under mild
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conditions, and thus is more environmentally friendly. At present, engineered microorganisms such as Corynebacterium
glutamicum and Escherichia coli are major producers of L-arginine, and design and construction of microbial strains is
the robust production of L-arginine through microbial fermentation. Random mutagenesis and screening strategies are
used to develop L-arginine producing microbial strains, which are random with uncertainties, resulting in a low-
efficiency for the breeding. With the development of synthetic biotechnology, development of L-arginine producing
strains is empowered by the rational design of artificial synthetic pathways and regulatory machineries, taking
advantages of advanced genome editing technologies. This paper reviews the progress in the studies of the synthetic
pathways and regulatory mechanisms of L-arginine production that have been discovered in different microorganisms.
Synthetic biology-guided metabolic engineering strategies for improving L-arginine production in C. glutamicum and
E. coli are summarized. Besides, the application of the biosensor-based high-throughput screening strategy for selecting
L-arginine producing strains is introduced. Finally, potential strategies to enhancing L-arginine production and the
possibility of using new carbon resources such as non-food biomass and one-carbon feedstock for L-arginine
production are discussed. It is envisioned that synthetic biology-guided strain engineering will further enhance the
production of L-arginine, particularly using non-food feedstock in the near future.
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Fig.1 Biosynthetic pathways of L-arginine in microorganisms
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Table 1 Production of L-arginine by metabolically engineered microorganisms
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() L- i 2 B2 75 291 #€ 2 mol ) NADPH "™, [A i,
L-THE IR A 2 5 LA &R 5 4 i 7R 4 i DA &
IR 38 I e R B AL - R A RS i
DAl DA B2 L-fil 2 2 ¥ 1 B 1 4 i 265 81 T DRI Al 7
L-F 2R (0 & B, AT 42 1 LA 2R 1) A AR
Zhang 55 " £ 41 U5 B M B MT-M4 @B T proB %
K, BT L-BHE R & &R, #RIRKEE 108 h/™
AT 14.60 g/L L-KE R R, 5 BV AT B MT-M4 #
b L-FE &R P SR 1 1 52.1%. Man %5 "2 fE 5l ik
B AR CeSlysC-30 H i bR 1 proB 2L, 56f % & ik
HEATANRL A R, L-FE = R = =14 £ 87.30 g/L,
HALER N 0.43 g/g I ATHE. (2 L-EIR & g7
(1) g [ 2 5 TR 40 O P A G, T b R O A Hp
RN N L- i 2 B R 4 8 48 i 1) I AR AR
XM T R EERRA B BT AR O 2 A
IR, L-F R i 12 B 1 110 G B ik IR] 11 e ok e 72
W A A RG& 4% . Huang 25 U 78 B0 #E AT
B MT 9 B L- il 28 B2 % 12 2 1R 2 R 5k B pue P
L-F &R mis® 71420 gL, LW KBRS
T 181%. BR T L-HERR, HALKZHEAERNEG
B3 AR AR T ) W o AR, XS LR AR
B BT A iR, TR I B DBy G Ath 2 R 17 P 4 1)
2 Bk 59 A AR, R R LR R R R 1
FeWg 2 — . Huang 25 ™ w3 7 4l 4 #4718 MT 4
0 S B L R i 12 B LI I L [ cgl2310, 115 LK
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AR = E5Em 1 27.5%.

B T D B PR AR G, ISR BT AR A R L7
SR A R 2 B LR 2R 7= 5 A ORI 2
—. ZRRIEH (tricarboxylic acid cycle, TCA)
HH B 72 4 o T 36 IR A L- R A I R B T A
0 % B TCA F5 30 F L-F R R A il 1) 8 5 45,
55 ol R E 2N L-A R R, Ao L%
AR EHGBERN TN — " EREREF B,
R ER AR (CD) . RATER
HEE (AceA). REMRMEAN (GDH) 1 o-Hd
KRR (0-KGDH) ML, RMEHEL-BE
BRI A B ™ e Man 55 U 7R B0 B AT R Ced R AR
H, i FIEICD 1 GDH, [A W) % 59 a-KGDH 1 i%
P, AR R BEAE R BN LA "R 1 7R &R
76.8 g/L, FEALE K 0.372 o/g Hi M . & 2 B
P fif A TCA 1 20 (17 388 2 /2 10 0 L- 75 2 R & il =
f 7 Az — P9 Man 28 M 8K pye JER (R fig
PR 2 JE R Il T S 4 %5 8 T~ GTG 5 3 B ATG LA
BRI RIK SR, £E IR B RIE gltd R (4
IR G, KRR TI AN TCATEI, LA
BRr= B IR B T 68.60 g/L, ¥ ALK N 0.34 g/g ¥4
% H -

UbAh,  FH T L-2% 20 R o 40 A P 1 40 B o1 1
IE R 9E L- B 2 IR R R 2 — . Park 55 1
TEAR 2 R PR AT T AR4 5% negl1221 9w 5 1) L-2¢
RARFsE A, HW T L-B52 8 W miE,
L-F R = Bt m .

224 ¥EBERER

BAE L-FE AR & b R¥EE EZERH Y.
S TG 3 R R R & U R & L- W 2 IR 5 A I B
Y Hdr, FHBIRS S LKA R & BN 6
W R B TE K AT B8 A0 2 SRR e A 1, R
WL tH A 2 LG & g (gind BN gifd) FIE H
Tk 5 12 & B CcardB FE R Gw b)) 8 1 & 2 s
Park 25 ") 1F carAB 3£ R 1 arg GH FE IR _E 35 43 ) s
A E B P, AP, S T HRIEACE, FE
R R W R - AR - 8158 1 92.50 g/lL. KR
KBNS E LW ARG RN 78RR, HNL-
MR EANEE T ERERETE T, K
AR EE UL L- B & R 8 S TR R It
EREDREAN CaspB %) WML T 4 K.

SRITE KT, RARMEAELLE SRR
B (NH,D AEEYIEL, 1E aspA 5 K 4% 0 11 R
X ARZAFEEAL T AR ™ ™, Guo % ™ kI
1E B U5 e AT B SDNIN403 [ 2 B i Hh 8 IR & & R
ML-AaBETEERS L-BaRr =, W
W6 T AR B P R A SR R L B T T 1A
TE1Z B R R 2R AE K AT B R IE 1 glnd F aspA B2 .
A ik A W IR gdh R 3E T L-BR AR A R, IRk
— ¥ LR R IR 7= B M 37.60 /L #7551 53.20 g/L.
ERBRBEFE T, AmtRZ IS EACU 42 R
KR Ao MR ameR B2 R GE 5 fif B LX) glnd 1 gdh
(3 s, AT AR S R N ) EA, AR T
LSRR B E 1. Xu 2 W) 758l B AT B
SYPAS-5 B bR R T amtR FE N, FEAE amiR FE A
PR N amtB RN (i NH, #iz & 1), et
T NH, [F] H N B, 49 LR 208 = = 3 0 2
60.90 g/L, 554l ih ¥ #F B SYPAS-5 MH EL $i2 &1 T
35.14%.
22,5 LM RBR R ik 42 R R A Rk

KA E A =4 LR R WgE "
— & L-FE R R TE sped w5 1Y) £ 1) 65 RS &R I 2
BEEHE A A2 BRONCT ot 5 e R I s Jie 55 22 e 1% 7
TR LR R R AE adid Y 1R 2R B R A AL R
A RONCT e, FH T 2 R AR g R 1 AR Y s =
& L-K R B TE astd 4 RS (¥ N-B% HABE 5% B B 1k T
AR N2-BR I -L-RE IR, B S 1 A A 2R —
SR A B N2-BR FA TG -L- S &R, A A AR L-
BRIEMBLIR, 1% 5 N0 M A K ALY
iU, LSRR PR R IR AR AT E 2 5 LR & R
MR . Ginesy & ™ i ik 75 K AT B C600" H i
B LK 2R B iR AH X 1 adid~ speC. speF 31K LA
N P38 2 gt 3L K] argR, K7 T C600°A4 B FE
1E 1% W Pk 51N R R B0 Arg A" 5L #F
ArgA™", L-FERAMRMR REH AR T 1.94 g/L F
3.03 g/L. H5RMAFEARM R, 150 5E
Z LA RRME ISR, EL-BEREFT LR
5 BEL T -5 22 2 e o ) [ A 70 LR IR % A i
A2 1) YR 45 SR H AT RR T oG BR R R R R B, AR
Ik 2 B R sk Rk 2 R i AR AR KRS Y. Bl
CRISPR TR AR M AL, TEA MR 5L H 15 ol T
[F) B 4170 1] 22 AN 25 IR 1 3R 08 KCF o T RE, JE
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CRISPR F#LH AR N L-FE 20 R B i 1% 4% 2 AR KRB
FRERZ I TT 1), ELE 75 o G Tt 00 20k %7 55 i) R
22.6 LM R B AEE R G R LIRS Kok

LA S 1R 1 A0 HE R 6 A 2 52 ) LA S IR vy 1
ME Rz — "™ FERBATE R, LK%
iz FEIE ArgP-Arg0 24T, HiZASG L 1
HIZ LR . Horr, ArgP J2& LysR B 5% i
THET, ArgO RAEMFLIZE L. MRANNAZTE
LA BRI, ArgP 2805 ArgO Rk 4 P [F] )
FE LK 2 R A BRI, MR 5 ArgP 45 &
FEAW ] argO e D5 (1) 3% 5%, AT 440 1) LG 240 1R Ak
HE 7', 1E ArgP F 5] N V216A RA% RE 4% 8 59 ArgP
X L-AS G R AR R, ArgP 0% ArgO ik A FHAR
T L-RE & R A L-B R 7 . BRI AR AT
H) LR R A% 18 O T LysG-LysE &%t £ L-A
AR BEIR. TN R A B A (E I 2 30 IysE
BRI, WM e . N BRI LK &
g, (HEARZEHAR ™. RIET 5 2B EFF
1) LysE MR UE T K W A B 1) ArgO BA R JEE
{H ArgO Al LysE B AR B &R, i
MR E R B Bl oa 200 5 st
W L-RR%iE /%, =& 7 RERN LK 2K
o Xu & M 7E Bl UG B A B SYPA it R IA
IysE, M5 T LR IRIEIE, LAEAR™ EiLF
173591 ¢g/L, H5HREMAMLIZS T 13.6%. Jiang
& MR, R R H EEE sE
FAEH RIS N5 8 3 0T Lo & R 1) 7= &= 42
151 34.8%, 1] 22 FI F 1% 5 B 3 0 L- K SRR 1
& . Chen %5 "7 LES UG FR AT B Hh 4 o0 2 T 12 77
1540, 38 Ik SR A i A B 4T A RE Y@ B M, K L-
K @R P B T 16.5%, JRAFIX— 508 M AR AE
KT o A3 BN, H SN R R S0E K AT B
A LR R BRI T — AR T A .

=L [48, 78]
=8

3 FeT AL A A 1 i 3

AR IR R — R TR T A A B IR
MUk B, AT LAE AL AWK LR 0 B TR 1 R
B9 EPOEE S . WL REEE B A
J: SRR SR R A AL S W A S R
B 53— TR R B I S VR BE R AL

HLAE 5 B G5 5 S 5 R AL B0 AR U
TCHE AR, AW AR IR AR W] 4y Dy T i S R
(transcription factor, TF) [JAEWfE A 2T W
AEMTRAEEERRS. B TEAMECHNE
Yotk A . BT A2 R TF G I AR 5 IR AR 4 T
H, BT TF R %1 R ED L iz
JS7FH T L S0 v 7 TR (1 O ae &7

BT TF 1) A 40 A T 25 1) D FEL S 4 M PN AR 8 40
BB —EIRER, REMEHFHETFEREED
e A TE R AR 1B 37 X d, T S E
BHE i R e s (B2 PV, B 74
B A B A E5 e, BLFE C a2 N A 2 A 18R
N dii R 5F ) DNA Z5 538, H8NY 5 Cinsi & )5
S SIEANRW RN, F— DT
5 R R 37 X 45 A, WoE BB E R
HEEE MR ERRARBEFEF, BT LysG
5t 7% TR 1 [ AR 0 A DA 5 P K 07 36 i 2 2 TR v
FEBEAR P AR AR AR — RS SRS B R
YL 2%, B AR BV R R A B — IR B
LysG ¥ %X T 5 LA R R St = SR A A, S
MEAMSREN, FE— S 5L RENE T4
Ao WOE TR R N s A B R 1 5% . Binder
2 4 ) A R B AT B 1Y LysG M3 (98 R A
eYFP # 3 T AE Witk %, K H R T2 L-F AR
SR AN ) ArgB AR SCEE T, I3RS T
B LK 2R S I 3] 1) ArgBX"VSr SE AR ER . AE
argR R 2K 1) 43 G R B AT B il R 98 ArgBEYON R
Tk, L-FERRMIM REIAH T 34 mmol/L ™.
Stella %5 " #) & 1 % T LysG Al e YFP 1) 2E ¥ 1% J%
8, KR T R AR LK 2R = 1 Ak 1 0
e, K R B AR HEAT BE AL 5 A S A R O 4 o
JIEBAR (FACS) #EAT /03, FEUmikE i LK &
fi% 7= 59 22.30 mg/L (I B Pk o Jiang 55 7 F| F ArgP
R, LA ER DU BE IR 2 5 R
THEW LS, N K AT B P LR SRR I R B
HARNEEERDME TR RAERE . EF H
W SR A5 B AN AR12 B R AT BE WL B A S
FFHZ AR A% R A UL B T — Kk LA &R e =i
T 18.9% 15 77 B A

BT WA B0 A ) A AR 1 SR B R R
B Can st A R BT A RPUIERERD
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The biosensor based on trasncription factor (TF)
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Fig.2 L-arginine biosensors developed with the transcription factors and rare codons

DD T B o NFR A E T, M ST B
XA ABE-RNA FHES R, 20 A 2 ZE R
P B 2 — 2 BIME LA T, ZBE-tRNA B & e %
IR, A % BB T PR AK, AT S
i 2 R R B AP FRAR (B 2) o i il Ah U 2 A
W2 B 0 B VR S EE R A K, AT LUK SR A
T E T, I B R 2 ) Rk K,
{8 4 o i b B R 2 OB 5 BUE SR B AR R
PEPY, Zheng 55 Y JF R T —FiE T A %15 T 1
WAL IRES, RSO B Ak DR B R R A Y -
HEREWN T EHRAMEEN T, IH8aHEE
B TAREOR, B H N T 45 2 R W +F 14 97 it
P T L-F &R 7E R ON 2.742 mg/g AW ) AR 7R
Bk -

4 ik

AR TREAE LA 208 ™ 1 ARk /5 o (0 B
OB, BONESRERE FITERA T4
78 H AT R B A LR R ) e v
BN92.50 g/L, JRE WK ND ZARETIE, KY
& BE AR Y 0.40 g/g. SR, 7R R AL

REZRRFRERM AR AR K Z, W
L-#2  fe e 7 T IR $1) 223.40 g/L, & B R AL
FoN0.68 g/g ", Kk, L-ASEBRI K EELE A E
R . B, TR SUE M LK 2R
AL PR B R AR A T 5] ON B 45ROk s B (R R
i, XA T B AR R R O BB AR AR KAR AN
FasE M 8, 8 LR EANRE. N T4
FEUORLTE T FE 18 Pk b i) R e ), 75 7R 40 B 8
FRI IS N — 52 I B P AR FOR M IR e IR 1, H
RPUERIMERAIG I T A=A, WohES
A T BR . AT R A CRISPR 253 (K] 4 45 T
W 5 R FE & BB KA &, 3RAG A I 1 4
HH B R E IR e ) TR 2, 4,
g TRESAEME RS S, Bl
Y5y T FIAR I 4 iR S T BT PR R T
b AR 1 LA 2R = 7= Rk D LSRR I
A B L TCA H AR o- B 1 — TR N RT AR5
AT 1 ] S 7 40 B 2 K D LK R 1 A K F) Al 3
AR LR Z R A A b i D e . AT R
FHAE AR L i3 3 7 B TH AR K AR B AR W18 R s
FAS WL -l 5 R M) TCA PG IR A L-AS & IR &
B I8 BT, AR FE A KB BRI 19 TCA
MEIR, PRAEYH AR I IE & AR, 76 R R 4% B U8
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It IA) L-F5 28R A T ]

5 G0 1) LK &R kI 35 DL & B O R, A7
E“H N XK. BT CAa 5 LR FT
TR B EARR R 7 LA AR . Wen 55 1Y
BSOS 75 2 R PR AT B8R KA AR bl 2 7= LA
RAMRIITAY R L-B 2R, 7821586520 g/L. 5
Gb, —BRJERHE BRIz AEAE, Hoh A
FH I 2 T v B B L 1) — B Ak & ) . BEAE N —Hh
AR —m 5B, HAREFE. MR, s
HREEEENY, TS O AV L R .
Z PR TR = v O A — B R A R LA R )
R M S R DR, E AT G DA B A — Bk R AR
L-FE IR 1) TAEIRIE . KA 3 A0 SR A T b 55
w5 FE I B B PR TG VR R SRR R . e 4
— A S AR IR, H B X A A R R
MU T2 IR & B RO, A B 7038 I 78 K AT
HA S R MR AT R 55 Bk b ) PR I R Ak A, A
HHZ 7 HEFHEES ", Bennett 55 " £ K
J AT i AN 2R K RuMP IR 72 I BERE IR, ot 5
{14 B A e [0 B ) FH 4 260 0 A0 R R A Dk 2R 7 T
T EE . Chen %5 "7 7E K i #T 1 BW25113ArpidAB
BRI B A T H AU R RuMP & 12 1) G B 1
G5 G IE I EA, SRR AR A K N iR KAk
AR I8 BT . B Sl TR s g A s =k
A4 52 T A AR e DA B O ME — B, A kAL B R
£ 1Y B [ I8 2 8.5 h, % B A F] 2. Reiter 55 1™
SR P T 488 1 A 5% % R 482 A R R Ak SR 19— Ak B LA
FHE A M — BV, A5 34 B 18] A 4.3 h (1 B ik Mecoli-
ref-2. BG4 TRECUE ), DAH RE NI AT A2 7
F2. BP-BIEETE (PHB). A HERR LA M N s k2
R (PABA). Tuyishime %5 "' 75 4% % & #: AT
g N AN RE T UG . AR S5 A4 Il AT RuMP i 4%
M OCEERG, W T 2k EF GRS, 4EEN
PEREAL, B R R LR A A RO B A 7 A R
B 77 A N 230 mg/Lo. iR AF 70 9 i 2 5 Ak — e
JERME P2 LA 2R 1A O S S R IRt T 2%
SR, R G B R IR B AE R R P 7 T AR
T ek R, HRER A W SO T B A R A
ARBESEA Bh i, HL A5 — Bk J5RER) 28051
FE AT e ROR) A I A — e SRk gk 47 AR R AR
(1) R SR B S R AR N IR B R R, R LR

P2 v 7 TR AR 1R g — SR T R 2 FRLRE B —
FERMHE . REARRIE R R E SR W, Wi
NAD 51 5 F 1 i 2 Pl AR T E0 0% R 1 34 ] 44
HIRE, RERSAE 50 °Co& AR T I T FH I e — e Y PR
AT e ke AT A - =R, AT R % LK
BRI AL T, BOV AV AL B IR L7 L-RS &
R DL AL T SR H R A B AT R B
ZFAUAF B AT AR LA E R, RN Z e s =
SRR gE TR, A 1AM TR oG 2™
LG &R 2Tk, JFRHAER RS 2 VLEC
R A T At Dy o of i 3 A A 3R AT = 7 LR R R
M TREE ARG 1 BRI TS

2 % X W
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