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Resear ch progress on bio-metabolic pathways and
biopreparation of g-alanine

DING Qian, DUAN Xuguo’
( College of Light Industry and Food Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu, China )

Abstract: S-Alanine, a non-protein amino acid, is the only naturally existing S-type amino acid in nature,
which has important applications in the food industry, pharmaceutical industry, chemical industry, feed
industry, and other fields, and broad market potential. At present, chemical synthesis and biosynthesis are
the two methods for g-alanine synthesis. In comparison to the chemical method with complex production
process, the biological method, showing the advantages of product specificity, mild conditions, and simple
process, is recognized as a more environmental-friendly and promising S-alanine production method.
Herein, the properties, applications, biological metabolic processes and main biological preparation
methods of S-alanine were reviewed, with emphasis on the current situation and existing problems of
biological production method. This review is expected to provide reference for the development of efficient
and green production process and industrial application of g-alaninein the future.

Key words: p-alanine; biological method; fermentation; enzymatic transformation; L -aspartate-a-decarboxylase

B-NAIR (p-Alanine) X4 3-ZHNIR, 2 WA, f@kslewm . R, SR HEN

FEEEENINGR 2GRS A R AR I BT AR SRR B, A R R L SRR SR S A
*ﬁ% AR TR R AT RS Rk, HRECWERZ . BERER. VA AAE LR

U (A 1R ) AT, BT p-NER RAERE, KA . ROV, sk,

E$%¢WQ&M%%WWWE,T¢ﬁ MESR RMETEEMBIO M Kb, RRREA N
AT, R AE RN UK S R, B e PRERIRYIRIEEE | RAIERAE, (e
SiREIZSIRE A EF RO, AR g BiRE A BUCWERZE . WA sk, HT,

WRRATAENA AR, sl ST ELE T, WS H T2 - R A R AR AT R 48
I T 503 A 1) o ) PERY R, 0T A0 AU O R ) A-TN R

FUAT, Tolb ERDRAME S 5 AR A p- WG, SRS R BRI W 2 . FALRURAR

s HE: 2022-07-18; EFA HHEA: 2022-10-24; DOI: 10.13550/].jxhg.20220673

BEEWE: THA KA P EFEZIARKEESMHME TR E ;. Bl RFEEFRRAATH (GXL2018010 )

fEE®MT: T % (1998—), B, Bit4:, E-mail: 1162146381@qg.com. BXRA: B (1981—), B, 1+, M, E-mail:
xgduan@njfu.edu.cn,



$ 742+ A% @m & T FINE CHEMICALS

5 40 4%

SN R, BEIRATE BRI & — 1k
S, T2 Y5 Bt Hap ah e, FOR,
IR TERHE B . 5 K AEHLBRE G 1 S P il
S, X BRI, BT JE ORI RS TR
AR S R O AR e AT DGR I R ik T, R
58 5 AR Ay A ro i A PR E M % A AR RK
E LI PR E A S WL 97 % S
JEORE, 4R B-TN R 0 o K™ A

K1 B-PIETR Ak 2 4 i =X % H
Fig.1 Chemical structure and application of g-alanine
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Fig. 3 Metabolic pathways associated with g-alanine synthesis in microbial cells
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Host Substrate PanD source fS-Alanine production/(g/L) References
Escherichia coli BO0O16 Glycerol Corynebacterium glutamicum 0.1 [21]
Escherichia coli BOO16 Glycerol Corynebacterium glutamicum 1.07 [22]
Escherichia coli BW25113 Glucose Bacillus subtilis 37.7 [20]
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Host  Substrate PanD source production/(g/L) References
E. coli Glycerol C. glutamicum 18.40 [21]
B0016
E. coli Glucose C. glutamicum 32.30 [23]
W3110
E. coli Glycerol  Tribolium 37.93 [4]
B0016 castaneum
E. coli Glucose Bacillus 43.12 [15]
W3110 tequilensis
E. coli Glucose B. subtilis 43.94 [24]
W3110
Pichia Methanol B. subtilis 5.60 [25]
pastoris
E. coli Fatty acid Tribolium 72.05 [11]
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Fig.5 Preparation of g-alanine by nitrile hydrolase pathway
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Fig. 6 Preparation of s-alanine by L-aspartate-a-decarboxylase
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T RGFFE T . KGR L-RE& R0t
RMHERMETIRAANE T, BHE A 0.19 UimL; fiffs#
PR FRAEZE R W, s R EE A pH 4351 45 °C |
pH=8.0, 4 /@& F X G LTI m Y 7r etk
PG X IIEE 22 h, L-READARMNFIEL N
12 mol/(L-g)1®*3, . panD (I FRIL L RKIE T K
AT, 2RI panD FFAEREER ., A%
PAEE 2SR E R, AN E T R R Tl A= 7
T XA FEMRIRT panD #ATHEIRAMINIGE . 1
Ja, WZM panD FEFBEEEIFrEbERIE, ANRE
YRR ) L-R A& G TR-o- Wi R 1 S 1 BT an 3k 6 Frk o
HKIEFEAWHED C. glutamicum[33] . B. subtilis'®
Corynebacterium crenatum ( i 15 ¥ #F 5 ) BY |
Corynebacterium jeikeium ( 73 FAEFFH )P | Listeria
monocytogenes (B A% 20 3 A= 2 0 e TR ) (34 >
Lactobacillus plantarum ( f5 ¥ FLATH ) M &% B
tequilensist®" | Clostridium botuliuum ( [RFEHAR
FFE ) B LIREhY) T castaneum™®® %

6 AN[AIAE )R TR B BE AR TR LR A R - o T AR Bl S IO
Table6 Wild-type L-aspartate-a-decarboxylase from different biological sources and its properties

Source Host acti\?ip;?(igfmg) ten%étrigwrgc Opﬂﬂ“m proﬁﬁiﬂﬂé/u Yield/% References
E. coli BL21(DE3) E. coli BL21(DE3) 20.15 45 8.0 — — [31]
C. glutamicum E. coli BL21(DE3) 206.50 55 6.0 65.46 97.8 [33]
C. glutamicum E. coli BL21(DES3) 2.60 55 7.0 — — [39]
C. glutamicum E. coli BL21(DES3) 103.00 55 7.0 12.85 — [40]
C. glutamicum E. coli BL21(DES3) 7.52 65 6.5 1.89 — [6]
C. glutamicum E. coli BL21(DES3) 9.60 70 6.5 — — [7]
B. subtilis E. coli BL21(DE3) 8.40 60 6.5 2.23 — [6]
B. subtilis E. coli BL21(DE3) 15.60 65 7.0 3.90 — [7]
T. castaneum E. coli BL21(DES3) 4.83 37 6.5 143.00 80.0 [38]
Lactobacillus plantarum E. coli BL21(DES3) 5.50 70 6.5 — — [7]
Corynebacterium jeikeium E. coli BL21(DES3) 11.80 60 6.0 7.32 82.2 [35]
Listeria monocytogenes E. coli BL21(DES3) 8.90 60 7.0 6.03 67.7 [35]
B. tequilensis E. coli BL21(DES3) — 60 7.5 123.30 99.0 [37]
Clostridium botuliuum E. coli BL21(DE3) — — — 3.62 48.7 [36]
Corynebacterium crenatum Corynebacterium crenatum — — — 0.08 — [34]

T =" FR AR EAGE .

R AR AT RRIRE panD TE E.coli BL21
(DE3)Hh it AT IR R I FIlg = B Rk, Z5R o,
RTRRY LKA R -o- M R T HU IS S8 2 5 T K
JHFT IR, el iR pH 4351 55 °C#n 7.0, 80 °C
T, iZEABR 2K 40 min*¥, SHEN 4140
it 50 mL FEIK R RNEL I R B, (AT B-TR
SRS R AE 36 h I3k 12.85 g/L ., #X 1% 2133 it o
HZ St ib 7 HA RIS S 40, AT

10 L AR HOMEG 255 T 684.85 U/mL, Jfil
ot e A8 2] T 65.46 g/l BY - AR . HAR
SRR IR AR EORIRD panD B fFE L-K
LR R-o- R B LU G ARG T AR m , (H2
BT I L bR i ARG BB &, HAFAES
B EERCOR | WS T I WA A A 0 DL A e )
ATt EER L — D RAETE

AN, % L. plantarum . E. coli. C. glutamicum
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£ 37 °C.300 mL {& RZH M A 7.5 mg EE 41T 8 h
HREYI A S, AT55) 2.23 g/L 1Y p-IN AR,
PEI 2415} B subtilis R VRN panD FEHFEAT T & 1]
HEAL, RIS T PIAMEREERTH S E R (V68I F11188M ),
RAKIFALIR ) AT p-IN AR 7 12 4.1 9/l 7K
il o ST 5k a8 AR, MR T R AR A ES6S, 1%
GAARTE 5 L S AL p-INE IR 1R F] T 215 g/l
B T AR, WFIT N GRS Ik g T
AR TORE B | d i e A A T kAR A T A
L-RA IR -a- BRI FALRE T, 2 p-TN PR 1Y
AN [ EB6S AR

M FRUEY) LK 4 R -o- J0 22 T B4 305 i v
2 5IRYSE A W IR SR A 454, ikt i
DYUIE O I — A E BT A T i
P FR R, BB AR HAl ROy T i 2
SR, R T —BHARIRN L- R R-o-BUR T,
RFEVEYI VA LKA 2 -o- I FR I 2 20 1A B
PR ANZE 7 R LIV 2558 T castaneum FR I panD
FERF T RN, AT T LUBERG A 4.83 Ulmg 1Y L-
KA WR-o- iR EE, FIHAE 600 nm KAWL
k1 200 1) E 4 TR R REA T 10 mL R FR B At Rl 4
MR, T 1 mol 19 L- K& &R h 143
glL ) p-RARR, FEIb%k 80%. 41 %1% 41,
AT G369ALY | K221R“44f B Ze A5 Fl ROSH
N K351SI R GEAE | B R ARIR R p-TN R R 7=
1705 g/L .,

BT OAFEAEYRIE L- KA TR -o- R il 58 28 K J - o
Table7 L-aspartate-a-decarboxylase mutants from different biological sources and their properties

Source Host Mutations acti\?irii(/:éﬂfmg) tm%$;5r2°c OptFi)mum ProEjgu/th)ion/ Yield/% References
B. subtilis E. coli BL21(DE3) E56S — — — 215.3 94.10 [7]
T. castaneum E. coli BL21(DE3) G369A 4.80 42 6.0 162.0 91.00 [38]
T. castaneum E. coli BL21(DE3) K221R 0.35 40 6.5 134.7 94.52 [43]
T. castaneum E. coli BL21(DE3) K49R 0.27 42 6.5 — — [46]
T. castaneum E. coli BL21(DE3) R98H. K351S 7.05 50 7.0 170.5 95.54 [45]
C. jeikeium E. coli BL21(DE3) R3K 17.31 — — 225 67.23 [36]
TE: =" FORARAHCHGE .

B AR PR AERL T & N AR T, HAER
KEZAEY PN ZRIARE (GAD) WHA S L-
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%, BB p-7R R Tl Ak i 4 5 i o A AR
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TIRYIB AR, H S SRR M AR T L- R E R,
R, BRI i 48 p-TN R HA R Tl &
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iR e QIAN 251815 5o Xt K AT I PRI L- R A&
A it PN A R R AT TR R R Y L- K& R R -o- i 12 Tl
B B4 TS [E] E RIS, 7581 T AspA Fil ADC
FERGIE 7716 R (1.0~15) : 1; gL, AspA
1 ADC my s iit btk 1: 80, AI7E8h N
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H T — TR RN, AT N B ORI
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2 VSV FRIAZ A 235 07 ot IR 4 15 35 DX & il it ke T
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Fig. 7 Preparation of p-alanine by double enzyme cascade
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Table 8 Preparation method and yield of s-alanine by double enzyme cascade
Methods Substrates Enzyme Source of panD Host Plasmid Production/(g/L) Yield/% References
Coexpression Fumaric acid AspA E. coli E. coli pET28a (+) 80.4 95.3 [48]
) _ BL21(DE3)
ADC Corynebacterium glutamicum pET28a ( +)
Coexpression Fumaric acid AspA E. coli E. coli — 118.6 — [42]
ADC Bacillus subtilis BL21(DE3)
In vitro Fumaric acid AsSpA  E. coli E. coli pET28a ( +) 8.02 90.0 [49]
ADC Corynebacterium glutamicum BL21(DE3) pET24a (+)
Coexpression Fumaric acid AspA  E. coli K12 substrain MG1655 E. coli pRSFDuet-1 200.81 100.0 [8]
BL21(DE
ADC Corynebacterium glutamicum (DEY) pRSFDuet-1
TE: =" FORARAHCHGE .
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IRl & B-TN AR A, AN HAg Tl v M E .

BT LASREENE Y, A B DL Sk ey
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Table9 Preparation method and yield of g-alanine by three enzyme cascade
Methods  Substrates Enzyme Gene source Host Plasmid Prc/>(dgt;ﬁt)|on Y/'(;I) d References
Coexpression Fumaric  AspA E. coli E. coli BW25113 pYB1s 200.3 90.0 [9]
add ADC Bacillus subtilis
ADC Tribolium castaneum
In vitro Maleic Maleateisomerase Alcaligenes faecalis Alcaligenes faecalis — 1474 96.0 [51]
add AspA E. coli E. coli —
ADC Corynebacterium glutamicum — Corynebacterium glutamicum —
W “—" RORAKAHCIE; Alcaligenes faecalis 3357 THIA

34 BEEESIE p-AERBRARENERZmMER
FIRT, B p-NE R N 3R B b7

L-RARIR-o-ORMERE XML AT T L-
KA RIR-a- iR EE T WIS, — s T P L



54

T L, A N AR AE YA AR N AR Wk ) # F S - 751

WA, LANERBESA ML, SR AL
PERIE s 59 —FJE THERIL VS B R TR, 7 S P
A R R T BN IIN PLP VR4 . PR R SR g 8
L- KA S R -a- W R I 04 S PR AR AL HILER 35 A W e )
W, ARSI, A P R P K
B, TEAEfLIS RS, PR Argsd 23R
BRY, MIMES B TE M —Fl ey, e RGO
JEIE Gly72. Ala73. Ala74 } 11685 ( $rpft e ihim
FERE AP ALE , 3T AR R SRR AR
Ala HNEAR; Asp WRAER; Arg JK2RR; His
HHER; e HrstdMR; Gly HHZER; Ser H#
HIR; Thr RRaER; Tyr AEEERR, TR ek
BRI AR COpe U5, Midi%Z Tyrss il
BT, F K it IS BT AT I B 7

FEHEAZ T EHTE N B e 16 1 O g R v
IR KA T IFEIRES G, T PR 5625 Sy G
TEPER TN B, 33 L-RAEIR-o- R EE Y A ] 58
Kilifi o L-RAGATR-a- SR BHHEAL AN TE IR 7 AL 4
W& 8 prn. HAT, il Ak A i A BARA
Ak, (R AT DU SR S, SR T
ERZE G, W AES A pFEd:, AN 55 Rh
JIEIRTEIR G . WFSE k3, 4HBRIE ADC ) 2R
SPAV A5 A Hisll, Thrl6, Tyr22, Gly24, Ser25, Asp29.
Arg54. Thr58. Tyr59. Gly73. Ala74. Gly82. Asp83
G IR, A PRSF R IR LAY MY S SRR I A T
AR E MR T ) o AN s A 2T TR R R Y
BSADC j# I 188M V68l . E56S #1275 7 146V 188M |
K104S, 1126* "B hnseAs b Kt kA

(0]
Enzyme /\)I\
NH~— +*H.N o

3

B-HER
0 H;C | o) ? NH _ Enzyme
O E NH*
W‘\ oH Enzym?[‘ grs8 HN- nzyme o HSC\H/QO
NH, H, - 0
LRAHR \ 0" NN\, CZ‘OZ\O\O %O el : P
Enzyme > LIH* H N e o
O Enzyme
H,C o 0 (KO i NH~ 0/\)k0,
BRIy S
(0] N o (on Enzyme
TESer25M B N EAmBLA: NI NH~

=
0 H,C
NH,

o 2 Y R

B8 L-TA SR -0 I FR B AL 1 25 105 V5 70 AL 3 142
Fig. 8 Putative mechanism of catalysis and inactivation of L-aspartate-a-decarboxylasel*?
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