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B E: AR 52BN ARBT ZAETENKRRN, TELTY y-BATRI IS T Z 097
BMEAP R, B AT, KA YRR S RBRPLA R E R RBEMT T A%, [B 6] 24EM
HAE M SR BBRA BRI R, FREAXFHTEBEFHIT, A y-2I TR A M E RREEER,
[ 7] WG rEEEMRANZARAY SRR ABLARE, £ XMAFH (Escherichia coli)
BL21(DE3) ¥ # 47 R kA, BE M AR B A LA R yv-RATEG A . [£R] KiFsRE8
BLE B B Xbyl 8, €48 Xbyl 8 4F &4 54.46 kDa, &iEAEA &M 4 pH 5.0. 55 °C, Ky A=
Viax 251 4 (10.241.5) mmol/L #=2(3 574.0+198.3) pumol/(min-mg), %% HAbf A Mk Ik & 5 2B PBLE
B B % 3 b iE 3 106.2 U/mg. Xbyl 8 BLA #4544 pH A28 A5 Z M, pH 4.0-8.0 X 30-50 °C4 22
1h, #|&BENST 100%. £ L-5RBIKE 260 mmol/L, K LIRE 55°C, K& ODgy 4 3.5
M TFRA 2.5 h, T4H E. coli/Xbyl_8 4 I L h & y- B AL T BR &G4 E A 100%. [444]

AR A My o AR R R AT o BB BLA B A E Xbyl 8, FFAR T E XA E BL21(DE3) ¥ &k,

406 Xbyl 8 ¢ pH AR Z A5 2 MAI4F, TL4H E. coli/Xbyl 8 A matEied| & y- R TR AR
Bt d, A&, TAFAREA B LG EANE.
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Abstract: [Background] Glutamate decarboxylase is widely present in organisms.
y-aminobutyric acid, the catalytic product of glutamate decarboxylase, is an inhibitory
neurotransmitter in mammals. At present, many glutamate decarboxylases from
microorganisms have poor thermal stability and acid-base stability. [Objective] To
heterologously express a glutamate decarboxylase gene mined from gut microbiota and study
the enzymatic properties of the recombinant protein, so as to provide an enzyme source for the
biosynthesis of y-aminobutyric acid. [Methods] The glutamate decarboxylase gene was
amplified from the fecal microbial metagenome of Pygmy loris and expressed in Escherichia
coli BL21(DE3). The enzymatic properties of the recombinant enzyme were characterized, and
the enzyme was then used for the whole-cell synthesis of y-aminobutyric acid. [Results] The
glutamate decarboxylase gene Xbyl 8 was obtained, and the molecular weight of the recombinant
enzyme Xbyl 8 was 54.46 kDa. Under optimal reaction conditions of pH 5.0 and 55 °C, the K,
and V. values of the enzyme were (10.2+1.5) mmol/L and (3 574.0+198.3) pumol/(min-mg),
respectively. Xbyl 8 had the highest specific activity of 3 106.2 U/mg compared with other
glutamate decarboxylases from microbial sources. Xbyl 8 had good pH and thermal stability.
The residual activity of Xbyl 8 was still more than 100% after incubation at pH 4.0-8.0 or
30-50 °C for 1 h. The whole-cell recombinant E. coli/Xbyl 8 (ODgyy of 3.5) reacted with
260 mmol/L L-glutamic acid at 55 °C for 2.5 h showed the conversion rate of 100% for the
production of y-aminobutyric acid. [Conclusion] The glutamate decarboxylase gene Xbyl 8
was obtained from the fecal microbial metagenome and successfully expressed in E. coli
BL21(DE3). This enzyme has good pH and thermal stability. The whole cell preparation of
y-aminobutyric acid from recombinant E. coli/Xbyl 8 has a high conversion rate, thereby
demonstrating promising potential for application in food and industrial fields.

Keywords: metagenome; fecal microorganism; glutamate decarboxylase; y-aminobutyric acid;
whole-cell catalysis
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2 & TR W R B (glutamate decarboxylase,
GAD, EC 4.1.1.15)2 /b - 2 BRIBR A 1 y-2
F TR (y-aminobutyric acid, GABA)RY S EE R, &
T W 152 Nl M2 [ (pyridoxal-5'-phosphate, PLP){{K #fi
PEREN, BFSTIESE, GABA J2MFLahWhisis
R G5 BB e gk R, SR R g
L PrEAL . BE RS A OC, RefE AR
fFED), g T EST SRR b

H i, GABA F %l i /¥ 7 # I
(Lactobacillus plantarum) . %8 7LfT I (Lactobacillus
brevis)l¥. K7 #T i (Escherichia coli)™, B k#
1 1 (Bacillus megaterium)'®45 41 7 K e £ il
B LA R B R B AR 4
YR e A AR, A an it i S
AEYIE NI GAD, £ GAD LY A4
. GABA,

RN, WHIEMAEY 4 GABA 518
F A0 el RN 2 RO, SR R - e TR
(B B APl R, N IE ERARIRIE LS | AR
o0 BORAERAENY, kAh, GABA fEfET
Wt 2 AR R P 2 P RE A B v, S5 ) 1 i 1
REAY N Al Ar U SR, B T A AR B R 3R
R TiZEREE R GABA 774 M H GAD HyHF
H o BHEN A SR AT T I 18 R 1 4 2 45
I, RIRBUHEHE A R0 k" B, B
2 TG R 7 5 DR Al e A R P LA R (L.
plantarum) I A 2 B2 IR T gad3, R Dh ik
(R T Sut

TR B, R (Pygmy loris)ZEE i EY)
7 B R A1 TR A A 2 R AU DG Y 25 Tl ity 28 5
PR, R, ABFFE i . 54 GAD A,
TER W # (E. coli) b AT il iR B R AE
FERFFE A A4 Y GABA B & 551, GABA
I AW A2 Y BT R A M B R B

1 HE5xZ

1.1 #m

AR pEASY-E2. UM A 2 S A
4 DNA, ASLgez{; KWiTE BL21(DE3)
RN, ATLI R
1.2 EERFIFNS

PR P9 DI (Nde T 1 Xho T)F1 PrimeSTAR
Max DNA Polymerase, TaKaRa 2\ Fl ; 2% 5 5%
i, R ERE A RA R Bk 2O
& F DNA g [P a4k 55 &, Omega A F] 5
L-BRERA y-2 5T, RgEAEyREA
FRZy ] ; Ni-NTA Agarose, Qiagen Z3H]; L-4%
RIRNFLOKEY), L5 B ARB R
Al UKL, FERRCHREH AT B
R B AL, Eppendorf 23 ) ; PCR X FIZE A
HEHL KA, Bio-Rad 25 8 7 I 240 AT AL
T LR A AT FRA F
1.3 AEBMEMMNEERTE. FIOM
B &5+ 15m
1.3.1 EE%EE

WA R AL Xoyl 8 4Ky 4%
519, AR AR B A PR F A A |
) Xoyl 8 NdeF (5-TAAGAAGGAGATATACATATG

GAATTG ATGAAAGACTCAAATTTCAGAAAT-3")
1 XbyL 8 XhoR (5-GTGGTGGTGGTGGTGCTCGAG

TTTC TTAGCGTTGCTCATTG-3"), 5+
RN FBR 4 P VTR 15, 4351k Nde T
(CATATG)F1 Xho I (CTCGAG). DAI4EFEIER
15 B BRI 2SS A= W) % JE I 2 DNA AR
PCR ¥4 AR R M AL Xbyl_8., PCR J )i
A% : DNA (1 pmol/L) 1.0 pL, Xbyl 8 NdeF #i
Xbyl 8 XhoR | #) (10 pmol/L)% 1.0 pL,

PrimeSTAR Max Premix (2x) 25.0 puL, JGHEWZE
7K 22.0 pL, PCR W s5fF: 98 °C 30's, 55°C
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15s, 72°C 1 min, 30 MEHF; 4 °C 15 min, #
JH DNA Jig [a] e afi A 350) 2 [T s iy H % 25k PR 5 X
DI kL pEASY-E2 AT e, e AR
WAk E BL21(DE3), 135 E. coli/Xbyl 8 FEZ A
PR, £ PCR [HME SRR I IE , PRAF AR HIIT .
132 F5o24

W TR N KL 1Ry 91 e o 1] BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi); 15 5 ik
T {# B SignalP-5.0 (https://services.healthtech.
dtu.dk/services/SignalP-5.0/); & H Bt HLE >+
7 K/ N Bio-xm 2.7; Z 841 Hext 434 FH
LML Clustalw (https://www.genome.jp/tools-
bin/clustalw); 22741 LX) 45 5 S Ak (i FHAE 2R )
i ESPript 3.0; R4k AWM MEGA 7.0
b neighbor-joining (NJ) Jy A4 3
1.3.3 AR Xbyl_8 TN

IVl SWISS-MODEL 7££k T H.1E1 7 [l 5 2k
B, b TSR ESEnE M H i = 4ERiRy, s
B ZE A ) U7 5 28 & SWISS-MODEL
Mk4s#%, VAEFE PDB (4% (Protein Data Bank)
R GZE AR, V5 =4
27, WA AR NOR N Xbyl_8 B 45
1.4 FEAMFRESAEK

B ERE E. coliXbyl 8 L) 0.1% 4R T 5 mL
7 100 mg/L %"~ 7 % 3% (ampicillin, Amp)HJ LB
B3, 37°C, 180 r/min Fi I35 DL 1%
R T 500 mL LB #5775 100 mg/L Amp),
37 °CH KH;FE 2-3 h (ODgoo 214 0.6-0.8), HIA
LY 0.7 mmol/L fY IPTG, F 16 °C. 150 r/min
V5 20 h, 28 150 W S SR 5 min J575 2
AL, F Ni-NTA Agarose 4fifk, 15240l Xbyl 8
I AT IR NI T e B i P UK 2 1 23 o
1.5 BETERYINE

BTG P I 2 B I O s, A ek
Bfio BTG A2 SN SR 2R 500 uL, A4 R ik
5 1%(0.06 mmol/L) Ml L-4+ 2 2 (20 mmol/L)#% T

100 mmol/L RS —#N-FrE IR 2% P (pH 5.0)
H, 37 °CHIFA 2 min, fIMA 40 pL 785 1 4tk
SV S min, WKV KIE, BL400 pL F 10 mL &
D, A 400 pL BIERZE (200 mmol/L
pH 9.0), HKINA 1 mL ZFEMERAATRECH
6%)F1 1 mL IEMA(A IR T 7.5), #hK
7% 10 min J5 & TUHOKIES YA 20 min, A
2 mL CEER (AT E0CR 60%) 5 WL S0 i 7E
643 nm MIWOEIE, LUIIA 40 uL KIS BRI has
P R PRy DRl 1 s i A i GABA i .

il 175 LS A SR« — R B (U) BV FE )
il N ST, BB LG A 1 pmol/L
GABA JIris i .
1.6 FHARRRIIREE Xbyl_8 BF M RAR
1.6.1 MR E

A3 SITC R BE 20 mmol/L [ L-B &R . D-4
AR . L-HHERM . L-REAER . D-REHARN
JEY, ARURBEE I E () ik, FERol 551 T kT
RS T AT o
1.6.2 &ji& pH 1 pH 2 EMEME

TE 37 °Cill%E pH 3.5—7.0 B 113511340
XS , AR E Bl pHo K B 4l 7E 37 °C
ANIA] pH HfiAZ 1 h, il SO AP T I HAR A7
Tit 7 1 K A Tivf 2 T Y 10 Tt 9% 3 (25 1 ) BRIy
100%). ZEiPBIAZ: 100 mmol/L MRk —4h-
FrER SR M (pH. 3.0—7.0), 100 mmol/L H 24 #%-
AF NG i (pH 8.0-10.0),
1.6.3 mRiEEEFEEREMENE

ME 30, 40, 50, 55, 60, 65, 70, 80 F
90 °CHIEIE ST BANNT G, LAHAE Hod il
B, BB AIREE T 30—60 °C (LA 5 °CHIa]FE)5y
SFCE 10-60 min (UL 10 min K [A]B&), TERGE Sk
AT 0 LA A IS 0 B A T 37 Tl AV T 0
(25 FIX RN 100%)
1.64 SEEFALFRFNELASREBRRE
i Xbyl 8 B9S2

FESVAR Z TP INAZIKE 1 mmol/L AY4)E
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BF(K'. Li', Na', Ag". Ca*", Cu?., zZn*.
Co™ ., Mn®", Ni*", Mg*"., Fe*". A", Fe*")Hl 1%
Hfk2455)(SDS . EDTA . Tween-80), € fii&
FEZ5AT T B e & AR R P IS T, A<
J& B TRk 2R W B 18 100%.
1.6.5 #HMAFSEHNE

DL 8-26 mmol/L [ L-A 2R AR, TEBERY
BRIl i M il pH A RIE , IR DK R
FRAELRAN ST IOH EL Ko FH Vi (B
1.6.6 EHE Escherichia coli/Xbyl 8 £ ZHAaHI
% GABA Ry itk

Wi RIS R 4 °C .6 000 r/min #5.0> 10 min,
FRGEIK AR A, AN RTINS v {4
FTE 600 nm IR OERE LI ANAVR I . B
RZ 15 mL, #53# 150 t/min, fEAFERMN EET
I%E GABA Ak, HHEAKS:
Y(%)=M,;/M,x100
XH: Y GABA W#E4EE; M, %) GABA
WEE; My RIEY) LR 2RI

1) pH Xf 220 il 25 GABA 1520

JEEY) L B IRHE A 260 mmol/L | Wi 2.5 h,
AR pH ZMKQ2.5. 3.0, 3.5, 4.0, 4.5,
5.0, 5.5, 6.0 F1 6.5) K Zli/K s ft W Je 204 5 L i
MEARF pH F GABA HIFEALR . Bk
100 mmol/L FrEmR- Wi lR = — 4N 2 il

2) IREEXT AU % GABA K500

KW -4 Z PR FE A 260 mmol/L., JZ Jf
2.5h, 7EANREEBO0. 37, 45, 50, 55 Fil 60 °C)
WPV, IEARNFEE T GABA MYk {b%,

3) PLP ¥k EEXT Al ] 25 GABA Y520

JEY) - E PR E A 260 mmol/L, 55 °CJz
N 2.5h, SRR FANE PLP ¥ (0. 0.005.
0.02. 0.06. 0.1 A1 0.2 mmol/L), MEA[H PLP
W T GABA AL,

4) JEY) L4 &R BEXT 241 i il % GABA
) 5%

55 °CJZ i 2.5 h, FEA[A] L-4% 2 R Wk (160
260 360, 560, 760 1 960 mmol/L) F #4175 ,
WEAF L 24U EE T GABA AL,

5) 2B B X A A L T & GABA RS2

KW - 2 R A 260 mmol/L ., 55 °CJ
N 2.5 h, SN AR ZR A A [5] 20 9 B2 (OD g0 4331)
1.0, 1.5, 2.0, 2.5, 3.0, 3.5 Fll 4.0)#17 i,
DEAF AR BT GABA %R fb3

6) SR 4 2H ] & GABA B30

PRI SN A 28 RNV 2544 T 4%k GABA,
W 5E AR W s A1 (0.5, 1.0, 1.5, 2.0, 2.5 F
3.0 h) GABA I L%,

2 ZERE54

2.1 AREEMAREE Xbyl 8 BIEFE .
55> #r FR 5 #7525 3R

TS GAD JE[A Xbyl 8 (0Q877082)%:
K 1 440 bp, ZwfD 479 NEIERR, HISH T
54.46 kDa, Jf5 5T, Xbyl 8 Sk KA
FF i (Parabacteroides distasonis)Jiift) GAD 4
FERRFEA (WP 154394881 AN 99.79%, £
JEHNEEXT R BL(E 1), ANRIEA YR IR GAD 7
2RI, o, LT ORSFIX Y Lys295
A BB 2 10 FH R/ A 0 751 7k S A A 2 A2 1 7 3%
FHU RGIHE AR 2), Xbyl 8 HKIT
B AT (P. distasonis)i ) GAD Hh—37,
55 3L A (L. brevis) . W1 3L AF B (L
plantarum) . = i Bk (Enterococcus sp. ) 55 K J5 Y
GAD SEZNEEIL  Z5F T 45 575 i pdb|7X52|A
AR Xbyl 8 — 2 A1 (87.69%) , GMQE
41 0.96, QSQE A 0.73, fF& [REEAR S, i
W73 Xoyl 8 =HEL5HH 6 HATR] Y AR
HMFRYI (B 3A). EABRARLEHEILE 3B,
Lys274 & BHEAL RIS TR AT, FH 24> o S8 TERL
TS T ARG F W R I, TR e
AR A5
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60 70 110
pdb|7X52|A FEVETEN VKRR T FAQ TAP YEARE HIEVFING
Xbyl 8 D-EJ‘L’M»KTF.’-\QTO YRiW E RIAVMNA
WP 237038007.1 |P|Q|TENY[$]MV KsBA T FIAIQ T|O Yhiis E R I|aV{MN A
pdb[1XEY|A D|DIt -FILNLYLDGlNA Wil K Qsﬁ}AlaL
KX553898 PIR[VENY[SI L v|opYalM LIDIE G[N|A MSQT|L IA T D L LEN
KFI97074.1 p|ETEN Y [8lv v HpsE A ML D G| A| Y\MEADJDK 10l T D} KT|A

130 140 150

pdb|7X52|A TVRNEEN SEEKD T . wK TEA L A FYAlw LR
Xbyl 8 ASINN SIPEQEK . WK T{gA L ApdlelRhob- e N AW LR
WP 237038007.1 AN S|P EQAK . WK S[EA L ApaelfFhob Nei YoRelel I 2 W 1, R
pdb[IXEY|A ADIATH AP AP KNG QA VET N TfEERF S TRl M K WRER!
KX553898 -DNVSE}NE‘. S80I Gl I G S S E ACML G G| WA WSl
KFI97074.1 ADMHAPDPM . . NAI[ET s eicfRibNeiYeqelel FA T KRR

240 250 290
pdb|7X52|A | 5
Xbyl 8 L N|D|D|V|E A|LD K|A L DAY N|AK| 3|
WP 237038007.1 LNDDVEA[LDK|A LDAY NAK 3|
pdb[IXEY|A NYEiFP@PL‘HDAA KF QAD 3|
KX553898 R ¥|D[D|T|K G|LD D|L VE[E[Y N|K Q) NS

| 3|

KFI197074.1
pdb|7X52|A
1 8 | v Pl LIeRTAH VT K D KKYLEEMAS AN[TU\-’G] NF s RS ohfile O v ¥ [o]F

WP 237038007.1 [4= [y v ple LR VI K DK K YILID AM siy s\ FaRea N T
pdb[1XEY|A ;KGLGGWV IRD:EEALQELVNGQI:GT-FAIR[‘P_G-«I
KX553898 ] VI
KFI197074.1

380 390 400 4IO
pdb|7X52|A IIHGEAKMAPE‘VNYJEN LVVINE FI“.|YL[\|EEYAKSAKT\.T
Xbyl 8 IHOEMGK SINE . VVNL\FIWY\ K/PD Y AKN AK|W T
WP 237038007.1 I|HSEMAKMTPF[VNY|SDN . VVNI}FI me'PEYAKNAKL\.
pdb|IXEY|A LuADEAKTGPYEFICTGRPDEGI%VCFKLKDG . EDPG|Y T|#%
KX553898 LIAKAEETGLFEIVNDG SQLIWCL’KLKED . SSRE[W T[#%%
KF197074.1 | | SDIEVIFAWMLNDE . . PDRK[WN|#%Y

470

pdb|7X52|A MLT|cET NATAETEKTDF
Xbyl 8 MLILIG I KINAVIEALEKLE Y
WP 237038007.1 MLLIND I KNA I TEFEKLE Y
pdb[IXEY|A LILLEPM Y K|A S|UK Y/L|SD/HP K
KX553898 | ‘7 J 5 My Y|V MQEAIIEALNNAHV
KFI97074.1 ',_RMKL'I'PEPVD:‘I‘QVT‘.-QI'-,-"-c-z:u DMEXE 2lFTIKLK|s cvK YLD GlLR 5

1 E4HEE Xbyl_8 SARMAYKIES SR ARIERERFFI LA 547 Phocaeicola faecalis Y
WP _237038007.1 . K Ji% ¥ B (Escherichia coli) 3 I () pdflIXEY|A . # & W I #F & (Bifidobacterium
adolescentis) >k i) KFI97074.1 #1115 JI7 5K 14 (Enterococcus avium) e 5 it KX 553898, AW il K iy Z T 1A
J#i(Bacteroides thetaiotaomicron) pdf|7X52|A[{E ﬁ:é&é**@ﬁffﬁ R T HER N PR IR R L , i B T HE
FORBEEHAANE, ZLES TR N RN, ST S 3R IR B £k R 5 B Lys295

Figure 1  Alignment analysis of the amino acid sequence of recombinant enzyme Xbyl 8 with other glutamate
decarboxylase amino acid sequences from different microbial sources. WP_237038007.1 from Phocaeicola
faecalis, pdfiIXEY|A from Escherichia coli, KF197074.1 from Bifidobacterium adolescentis and KX553898
from Enterococcus avium. Human gut-derived Bacteroides thetaiotaomicron pdf|7X52|A was used as a
secondary structure template. Black boxes indicate conserved amino acid residues, the blue boxes represent
similarities across groups, red fonts indicate imilarity in a group, and green arrows indicate the universal
acid/base catalyst residue Lys295.
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2 EHE Xbyl 8 SARMEYRES[BRMAMAEBRFINRFHELIT FHSANEFH
GenBank #5355 7 SCEMT BT 2ol rh 70 SRl SEME 70 b s U BIRE R840 3219 0.050 ¢
B IR AL

Figure 2 Phylogenetic analysis of amino acid sequences of recombinant enzyme Xbyl 8 and glutamate
decarboxylase from different microbial sources. The number in brackets is the GenBank accession number. The

number near the branch line indicates the percentage reliability of the branch in the test; The scale represents
0.050 replacement nucleotide positions for each branch.
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B fe Active center of enzyme—Lys274

3 EfE Xbyl_8 MREIRSRBIA ZYELEMIEE(A)FN SR H(B)

Figure 3 Three-dimensional structure model of homohexamer (A) and monomer structure (B) of recombinant

enzyme Xbyl 8.

22 BEEIEES Xbyl 8 IFIRFIES 4L

EYHEIFEST EIL Xbyl 8, & 4ifk M
SDS-PAGE ¥l , 7F 44.3 kDa HI 66.4 kDa 2 [d] 45
B AT, 205 54.46 kDa, &[5> T 5SS
FREAMAT(E 4),

kDa M 2 3 kDa
92.7

66.4

54.46
443

29.0

20.1

El 4 E40EE Xbyl 8 B SDS-PAGE 47  M: &
ForFabRiE; 1: &2 00k pEASY-E2 Rt
PHATRIZYAHA; 2. Xbyl 8 #flAf; 3: Xbyl 8 4lifi
Figure 4  SDS-PAGE analysis of recombinant
enzyme Xbyl 8. M: Protein molecular weight
standard; 1: Escherichia coli cell lysate containing
empty plasmid pEASY-E2; 2: Xbyl 8 crude enzyme;
3: Xbyl 8 pure enzyme.

23 FHHASERBIRES Xbyl_8 BIEEF %R
231 RYHR

AN Xbyl 8 X L-A2RA & — KPR
P, EEEYE 6902 UmL, HiEM:R 3 106.2 Umg,
X D-AEIR . - AREN . L-RAER . D-K&
RRRPICTE M
232 HEpHFMpHIAEM

TRl pH 25F F R0 Xby1 8 fiffi% (K 5A),
TR AR NIREE Xbyl 8 7F pH 5.0 B AH X il
e, pH4.5-5.5 A 50%LL FiETE. pH
Fa e 5B Fras, Xbyl 8 £ pH 3.0-10.0
ALPR 1 h, 7E pH 5.0 F B0 H B = i P 5 pH 4.0-8.0
SAF T EA MR E A, SRR TS T
100%.,
233 HmEREFREREMN

FEHADRBREE Xbyl 8 M IE R E N
55 °C, 5065 °CiiFlNIREF 60%Lh b (&
6A). IREREMWMA 6B, EAHM Xbyl 8 4
30-60 °CHrlAbER 1 h, 7E 30-50 °CA1F N okArHE
TEHEAT T 100% LA F, 55,60 °CE4 32 10 min
JE RIS 53 A TR R 60%., 15%.
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ok 7 L% ok Y o A
30354045505560657075 2030405060708090m0n0
pH pH

5 EHAfG Xbyl_8 &iE/R L pH (A) R EHIZEH(B)
Figure 5 Optimum pH (A) and stability (B) of recombinant enzyme Xby1 8.
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Figure 6 The optimal reaction temperature (A) and temperature stability (B) of recombinant enzyme Xby1 8.

234 EEBFMUERAFNEHEEE N 120

E;ur] 100 |
BFFERM, Xbyl 8 Xt &mMEFIOEME 2

B(E 7)., KOEARHAREER, Mbem 2 %

AT TN R R A 1 mmoll o)

Cu®™ Fe'' il Ag JE 2l Xbyl 8 Wtk AT, £

Fe' A1 Ni2 "t o i 0 1 il L SR A7 B 1

KT 30%. SDS 524l Xbyl 8 ffi% 20

P4, EDTA. Tween-80 Xf Xbyl 8 i 14 JCHH &k 0 Ty
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Metal ions and chemical reagents (1 mmol/L)
Ll AR, AL Xyl 810K B 7 SBEFMAZREFIXERE Xbyl 8 FE
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Figure 7 Effects of metal ions and chemical reagents

(3 574.0£198.3) pmol/(min-mg). on the activity of recombinant enzyme Xbyl 8.
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2.3.6 EHE Escherichiacoli/Xbyl 8 £4fE  50%, i pH 5.0 B4Rk i 5 86.8% (K]
Bl GABA &L Ry 4 8A). UKW L-AHBRES T4/K(pH 3.5)), ik
pH 2.5-5.0 BIZMT GABA ¥ALRET o 89.1%, HRMIAT pH 5.0 Zrhiimk s, nlfig

L ol vy
2.0 3.0 4.0 5.0 6.0 7.0 30 35 40 45 50 55 60
pH Temperature (°C)
U L 1 L 1 L Il L Il | | | U L L Il | | 1 1 L Il | |
0.00 0.05 0.10 0.15 0.20 0 200 400 600 800 1000
PLP concentration (mmol/L) L-Glu concentration (mmol/L)
oL—L 1y /T Y I R NI
1.0 15 20 25 3.0 35 40 0.5 1.0 1.5 2.0 25 3.0
Cell concentration (ODy,,) Time (h)

B8 ELHE Escherichiacoli/Xbyl 8 £4HA& R GABA BIE&HL  A: pH.B: . C: PLP ¥/¥. D:
L-A 2R E: ARIE. F: SN TE]

Figure 8 Optimization of conditions for whole-cell synthesis of GABA in recombinant Escherichia coli/Xbyl_8.
A: pH. B: Temperature. C: PLP concentration. D: L-glu concentration. E: Cell concentration. F: Reaction time.
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RN A B GABA A28 v (AR R 8 -F7
TR 2% MR ) %o TS 0 AR 0y 0 1 A4 ST — 2 7
e, I, JRstE4E E coli/Xbyl 8 44ififl
A GABA SEBGH Y L-5 A REE T 41K (pH
3.5)7E 30-60 °C&1F Tl E GABA #4b3,55 °C
I ALK i = 91.4% (& 8B).

24 PLP WM 0 B, 24iiEA A GABA 1Y
ALK AT K 87.6%; PLP ¥k 0.06 mmol/L i,
GABA #EAV I i85 92.9%; 2 )5kl PLP ¥k ¥
THE GABA $AL A& 8C). TR HI#&
kA B REA AL PLP H PLP MA& Y 5%, H4HE
E. coli/Xbyl_8 44 fifi5 il GABA W A#N PLP,

BEE Y - AR ER i, EAHWE E
coli/Xbyl 8 &4l N GABA HUFEAVZREHT R,
TEEMIHRIE N 160-260 mmol/L i}, 544k K1 98%,
JIEPIHEASER AL, IR = T 260 mmol/L
B, RSB KIRE TR, B, ®8RykiE
260 mmol/L #HfTHEZH A E. coli/Xbyl 8 44fitl45 il
GABA (/& 8D), TEJEYIHK)E 260 mmol/L I, FEE
AT AR, GABA $EILRB iR, 2441
WP ODegoo 511K 3.5, 4.0 I, GABA $E4b %43k
100%, [Kl1H, ODgoo A 3.5 S EERY IR (%] 8E).

TERY) L-BEBRUTE 260 mmol/L (45 T4k
KRB 55 °C . AHiffLHREE ODgoo 4 3.5 M ARG 5%
T, EAE E. coli/Xbyl 8 FEAIFI T[] 4> 2t ffl
A HL GABA 45 ILIE 8F. GABA 5 1bRFfiZ
TR TR R, 1.5 h S R IMIEAs g%, I
TESLN 2.5 h F13.0 h 5, FALRER 100%,
I, 2.5 h My d S st

3 WwE5&E#

AR 5 AAZE 06 M5 215 5 Al A 00 2 e TR 44 v
e B R S YR 2R A AR A9 2K IR LA R (P
di stasonis) R 5 Y 4 7 2R R I Xbyl 8. [fiff
YR RRWI(R 1): FHAIEE Xbyl 8 ik )
(3 106.2 U/mg)i T HAWMA YRR GAD, HA

BT R E A pH e a i, B SR A
GABA; Xbyl 8 HifildE R 55 °C, &F R
GAD, 5Z¢MmBkiE"YE. faecium). MEK5EERTE
(Sreptococcus salivarius ssp.)! Sk GAD —3;
TP E YRS, 30-50 °CALFE 1 h TG
AHER; Xbyl 8 fwili pH fH0 5.0, pH 4.0-8.0
M52 1 h PR EEHEATE T 100%.

R, Xbyl 8 XI4 )& k2=t
U, FAERA A IRIERT, AL KO HA —E e ik
YEF. Hoh, Ag". Cu®' il Fe* AR IRIFE MG AGH
O3 A R IR GAD! ) Jfdi Xby1 8 21,
AJRERE Ag”. Cu™ il Fe 5 i rp O A 2 R (12
3BE it AR IR &8 B T E AW, Co™
S B A BR 2 7)(Pediococcus pentosaceus) S 5
GAD HIEHEER, HHMH T Xoyl_8 16, #&ll
Co™ STEEN B B H-NH, T AL A4

AT GABA MR £, Fol i 2k
T GABA AL N 100%, AT FER el N s
A GABA. Ke S5 BRFLERIA (L. lactis)RIE )
GadB #ATH5Y, L-B2BRME N 3 mol/L, Ak
J& ODgoo M 15.0, 12 h #AbZRIKE] 99.9%; 1565
(81 I\ Ji 37 1% £} (Saccharomyces cerevisiae) 3% 4 )
ScGAD, 7¥ill 100 mmol/L i) L-A 2R )5 541k 2.5 h,
FEALAIRF 99% . BEAE AN RE AR S AL G Ak
GABA, K (E. coli)fEild ISk G BTN
A PLPPY, FrLAKIAFTEE(E. coliy&4niksss
AN EY 50 PLP, REEEME . ShdRal,

WA AR RIS Y GABA 7
B R St EAEATE S A EEAEM, i
B s A A AR A TR R T . ASBE
T8 AR W A5 S8 A B A 0 2 i TR A v 345 2K ER
PUFF i (P. distasonis) 3k 5 i 5 2H 45 4 TR I J& It
Xbyl 8, %fFHIE J1 A A YRR GAD
. FREAIVERE MR, HAL E. coli/Xbyl_8
YA R GABA #Ab3 e, fER . T30
WA T2 N RS
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x1 EAMSHMRKRENSRRREEEFERILE
Table 1 Comparison of enzymological properties of recombinant enzyme and glutamate decarboxylase from
other sources

Source Enzyme Optimum  Temperature stability OptimumpH  pH stability Specific References
temperature activity
°O (U/mg)
Nycticebus Xbyl 8 55 30-50°C for l hhas 5.0 4.0-8.0for1h(37°C) 3106.2 This study
pygmaeus fecal more than 100% has more than 100%
metagenome activities; 55 °C for activities
1 h has less than 55%
activities
Enterococcus EfGAD 55 30-60 °C for 3hhas 5.0 3.6-58for5h(40°C) - [18]
faecium more than 60% has more than 60%
activities; activities

65-70 °C for 3 h has
less than 10%

activities
Sreptococcus GAD-Y2 55 35-55°C for 1 hhas 4.5 3.5-5.5 for 5 h (40 °C) 163.4 [19]
salivarius ssp. more than 80% has more than 80%

activities; 65 °C for activities

1 h has less than 40%

activities
Enterococcus EaGAD 60 - 5.0 - - [20]
avium
Lactobacillussp. LGAD 60 - 4.5 - - [21]
Lactococcus LgGAD 35 30-40 °C for ] hhas 5.0 - - [22]
garvieae MJF,, more than 80%

activities; 50 °C for

1 h has less than 20%

activities
Bacillus BmGAD 50 30-40 °C for ] hhas 5.0 4.0-7.0 for 1 h (50 °C) 148.2 [23]
megaterium more than 70% has more than 95%

activities; activities; 8.0 for 1 h

45-55 °C for 1 h has (50 °C) has less than 85%

more than 40% activities

activities
Lactobacillus LpGAD 50 20-50 °C for 1 hhas 5.0 4.5-5.0 for 1 h (4 °C) has 16.7 [24]
paracasei more than 60% more than 50% activities;

activities; 3.5-4.0,5.5-7.0for 1 h

50-60 °C for 1 h has (4 °C) has less than 40%

less than 50% activities

activities
Lactobacillus GAD 40 20-50°C for 2 hhas 4.6 52-6.0for2h (37°C) 9.9 [25]
plantarum QL-14 QL-14 more than 80% has more than 50%

activities; activities;

55-60 °C for 2 h has 4.2-5.0 for 2 h (37 °C)

less than 50% has less than 10%

activities activities
—: JoE SR AR R

—: None or not mentioned in the literature.
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