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Abstract: y-Aminobutyric acid (GABA), a key inhibitory neurotransmitter in the central nervous
system, plays a vital role in physiological functions such as promoting sleep, relieving tremors, and
regulating blood pressure. Currently, a variety of microorganisms capable of synthesizing GABA
have been identified, offering diverse strategic options for the biosynthesis of GABA through
different metabolic pathways. This review provides a detailed summary of the major pathways—
the GABA shunt pathway and the putrescine pathway—for GABA synthesis in various
microorganisms. It systematically outlines the key synthases and metabolites involved in the two
pathways, while comparing their synthesis efficiency and respective advantages. Furthermore, this
study delves into the regulatory mechanisms underlying GABA biosynthesis in different
microorganisms, along with key regulatory targets for enhancing synthesis efficiency. The work
aims to establish a theoretical framework for the regulatory mechanisms of microbial-derived
GABA synthesis and to provide a scientific basis for improving the efficiency of GABA
biosynthesis.

Keywords: y-aminobutyric acid; microorganisms; biosynthetic genes; biosynthetic pathway;
metabolic regulation
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Figure 1

Health-promoting effects of microbial-derived GABA on the human body.
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Figure 2 Microbial GABA biosynthetic pathways: GABA shunt (yellow pathway) and putrescine pathway (blue

pathway). Solid black boxes denote key enzymes in the y-aminobutyric acid (GABA) biosynthetic pathway,

whereas dashed gray boxes represent intermediate metabolites. Arrows indicate the direction of the biosynthetic

flow.
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Comparative analysis of advantages and disadvantages of different GABA-producing microorganisms

Species Synthesis  Production Highest Advantages Disadvantages References
pathway  mode yield/(g/L)
Escherichia coli  GABA Whole-cell 720.00 Well-characterized genetic Safety risks [16]
shunt biocatalysis background, substantial
putrescine potential for metabolic
pathway engineering
Lactic acid GABA Whole-cell  44.40 High safety, wide range of Relatively low yield, [17]
bacteria shunt biocatalysis applications relatively single pathway
Corynebacterium GABA De novo 38.60 High safety, glutamate synthesis Mismatch of key [18]
glutamicum shunt synthesis capability enzymes
Bacillus GABA De novo 327.00 Good safety profile, feasible Low yield in wild-type [19]
shunt synthesis genetic manipulation strains, inefficient key
enzyme systems
Monascus GABA De novo 12.47 Traditional food-grade microbe, Inefficient synthesis, [20]
shunt synthesis potential for co-culture time-consuming
processes
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FIREZS, BRZMINARTE T GABA AYA BRI,
(3) fABR BT = Ay R s A a7 0 o S S g 1)
W, Wada ZEVOYE 2 5 R #E 4T T ATCC13032
R B (pyruvate kinase, PYK)JEE iz 8524 i)
THBR T IR A S o) Tl 1R s 1t =X VAT T 7% 4R 1 Tl 7
B, NIRRT TR AR A ™ it .
(4) A PERA . Wei ZEVIF & T —Fml 1
AR AR A IR e G . FIHAER
By BE4 S5 10 e 307 9K s BH 8 2 1 (U0 TetR) 3%
ko TEIREAKY, MiEE&EA RBEIEMH
GABA A A ; #EAREME, BHiE&E b
SRR, GABA & BB H sl b4 il o
AR, NG TR AER S5 A R
TEURSE G0 I o Ak B R 3R A T
B2 IG5 B E 8 5 114 2% D) ST
HHALACIS I 27 B HEAE

3.4 EFEZE

JE PR 45 % SR A T R T IR B X R AR AT AE
RS Ll AN 5 B0 e R 57 I R X N 8=
O B SRR AR T RE R oo R
FLIRZR BT, T LS B0 K 9K 35 (R 26 B 1) B
T, HTFERREGG A M IFIE ) — BB AR
BlezmlE, 2009 4, 52 E ML T K% Elowitz
APV B ZE AT T P A T — A B IR R
PN T AR S SE R e i, B7 e 1 RARAY“SEIE )R
T TSR N o RIS % BN T 6 S A5 o 45 7
A )RR AZ A N ARF S TR . MRS N TR AR
15 W 48 1 R A2 SRR A AN —, 434
R GE BRI R R S8 PR 2 3k W 7 e 38 iy A 858
(1) 22 A8 RIS E PEDH JE R R A M 4% B A
AW R g AR AL A, 38R RE S SC B
— AL R MELLSE B . <R B R
o AR TR, FERL BRI T
Refb A 7, PR TR TR K
T4 B BE AN T BE T 3 R 2k % B 0 AR i
Y e B X H B 3L R R B T sh AT, XS
YA A= A D7 THT 52 M) 14 35 PR TR 40 B G831 — RE K
W2 R R, Mk T kB R R Y
R A=Y A =8 &, I T X R
oK, A S IEE, Rk
TAE B B SR
3.5 HYIfRRLES

AW R AR DL AW A R 26
T, BEMEIERN R I RFI Y i, FEd IR —
FEERE 5% e i T U5 5 G 2% 1 a2 B e
AL SR T 1962 AE0 T &, A4
W E AL BN A VRS . LS, A I
BT T2, GEETI2E . 5
WS AN o S . — A AU GABA A
YGRS T LA E GABA AP 3 fiay {58 00 11 1)
T ik . WA 7 R 4 (two-component system,
TCS)) I AFHE T A 15 g, BE
TR RN I N 2% 2 AR S AR, R R HA S
B R N AR AR IS 1 SRR . Zhao
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EAl SR LY e El g N IDY AR ¥ (U R %)
R T IE F %A 52 A4 PetC/PhoQ, il it ik SR SC
J2E i 35 ) L 8 48 % Y KU 4 5% A8 AR X PhoQ/
PhoP, #1533 T GABA A YL es . it
i 7 8 55 1 PhoP Y DNA 454 455 T . %
AR I BN T R AR 25 07 505 32 ARG I A &
TEAE R 5 | AR B 80 75 25 (M R R 4t
2P BN T GABA 121845 A I s . L4k
Jei W A A I ELA B R I s A L (15.8 %) A
B ARSI {7 (22.7 /L) e A9 0% 4L
s S RS A, ol R
77 GABA BFE, WEW TI%E W& A M A
M GABA R4 %M, b GABA AYE—41Ci5 T
FEARME TR OT SR T H . R A BF 5T 250K
PP EE M. BRERMR GABA £Y)
Ry, PRI S 2 —IRIb B B 24 3L R 4k %
RSP GABA A4 F bk . Btk

4 RHEH5EZ

Har, ZEAMIE LI GABA I fig ik
BhL R BRI, FECR AR
W R T A TR . ISR SR, [ 4
22BN U Y R EE A B GABA HIIR R
H, BB NN IR R, FRE
BEHA, MHEHEREEARLH T, EF
W GER) AR ) FLARAT B AE M A0 b R e, W3R
19 0.4 g/L B9 GABA; WA NIRRT . TRY
b R A AT IR AR, L GABA 7= Af
ik 6.3-26.9 /L7710 BRI, DS 2 B 5T 1)
KFAAR A A 7 B A AT T I 5 A% 0o R 35
(1) ERRPERESIEG . BFAERIBE PR GABA 7= 5
WAL, GAD MG PR M BEHC R T pH, TR
B E YA i, XFPARFEA S
FHAEIE W AEFE T GAD AL SRR T,
Q) ™R e 5EY54 . GABA G5
TCA TH¥F . AARI G AR & 12 5% M E
PRI S 0 15 2 A A A K s At I = (an
FAMR) I & B R, s Atk Y RN R0 1 ) 350%
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A, VR S BURM LR T B, (3) 1R X
FAL S5 FERG . AR BRI T S R
HFAED ARSI GABA MBI 2197 JFH 4 .
X A 2S (8] o A R i AU T BE 5| & GABA Y F#
AT 1Kl N 5 R U
@) KT 2250 mARDIA IR A IED 1Y
B RE S RS R E &, (IR AR &
s T L) 26 0 A RS 0 1 DSk A R T I
e A HLF Wi oy s alidl T2 2 2455 ) @, &
PR A: 7= AT A 2 B 2 1)

BEEH 2 . s AL S Tk GABA 7%
SRGFREEIE I, $ 5 H A P2 R 5 A s A
A WS AR e . i, KRR
FEMFEARTF RN REF LT . (1) mRURHE
Fagdt . RUEEEBA GRS, FHE A
Yree THIF RSB IR E R . X EA
KRB AR A WEE 1 A F IR B IR AT B 47
REMWES, BRILRER. 5l ASMEERL
GAD, JHEALAfmEAEA R0, (2) shA LR
W FFARBIES . HENHEER SRR, L
X PR AR A 1 5 7 A R B B R o
P g O BRI AE S L EREAC  u
AR BRI RESE R F ¢, TEER LY =
INBN B RIS B 3h)a 8 GABA & ik, Jf
e R EEE . 3) N TR e S5l TRENHE
g FIHPLES 2 5  GAD & P41
SEEFPEE, RN LR E T . Bl pH A
T PER SR A FE R R LT 0, FE P R AL
Mo E T I N EREE R GAD AR AP0 (4) I
AR SRR & RIS . RIS TR
PR EACRE BRI B RIR . (5) L LB S Y
S E R G s T R I E AL AN M R N A S Ty
BER T 2B,

& STk = FR

ARRRDE . SATTERIRMIR IR . AR
il e XMERR R T BUOA T X B
HICHRAGRA TS5 L. 25 SR B 50
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