U Rt C Rl s AT AP I 26k B v H

B, fr& x %, & &
<%:u”u$;+%w§/rxl_l%< STUEE VLR VLI T8 214122)

TEE . AT AR FI0AT A A B2 R oAl 5 B 649 56 Bl AT 46 5 4 20BR L 3 B8 (GAD)
By 7% N Fe AR AL F 4G %00 ¥ R R T Escherichia coli 89 5 R B BL A B K B gadB, i@ i3 My &40
Ji 4 pHY300PLK —gadB, EAE F oA T @ kA, F3 TMAH B subtilis/pHY300PLK -
gadB, BFR T 43 A E AR R BT AR UK e 4 B A BR ik 7% 85 (PLP) | 4% B8 AT 4R ik ¥4 B (PL) Ao vtk
"% B2 (PN)*t GAD B8 & A 69 % vm . %% B 4% AR ik 200 v/min, X B 2 33 C, K B3 5 A A7 46
pH 7.0 B}, £ & Bid 42 ¥ 4 %) & Am PLP PL PN Z#3% % 0.5 mmol/L, % 3 48 h /& X B¢ & ' & B
&4 R34 %) 25.40,28.14,15.55 U/mL, & *F PR & B %69 1.55.1.72.095 &, AT L& R it —
GRRRT AP PLA AR ETHEAKRE LR GAD Rkt ¥, SR AN, Ak
b GAD BB EM A PL R E WIS mm3gin, % PL A A A 0.1 mmol/L B, X8 % & ik 3
28.28 U/mL, #) A T4 H 4 mMH & y-R A T (GABA), &R AW, RiEH£4L pH 4 5.0, & iE
FACIRE A 40 C, R B A2 P Fim PL 69 4 W (R AR “GAD-PL”) #= & BEid A2 W R 7 A A AT 4
By B B AT AR 0 B LR (W AR “GAD-07) 84 %1 m B 8 (VLB & ) 24531 ) & A1 40 U/g(VA B
B it ) e 50 Ulg(AB-RBR T ), % 5 R R 4R 2 R JE L 3] 400 g/l £ 2] 49 GABA Ji 2 R &
%3 % 275.60 g/L A= 273.61 g/L.,
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Expression and Applications of Glutamic Acid Decarboxylase in Bacillus subtilis

QIU Ling, CHEN Sheng", WU Jing, HUANG Yan
(State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract. The effects of the addition of relatively inexpensive coenzyme precursors on glutamate
decarboxylase (GAD) enzyme activity and catalytic efficiency during the fermentation were studied.
The recombinant strain B. subtilis/pHY300PLK-gadB which contained the gadB gene deriving from
Escherichia coli was constructed. The effects of coenzyme pyridoxal phosphate (PLP), coenzyme
precursors pyridoxal (PL) and pyridoxine(PN) on the production of GAD were studied. The rotating
speed of shaking flask was 200 r/min. The fermentation temperature was 33 ‘C. The initial pH of
fermentation medium was 7.0, while PLP, PL and PN were added to the final concentration of 0.5
mmol/L. The enzyme activity reached 25.40, 28.14 and 15.55 U/mL after 48 h induction,
respectively. Compared with the control group, the enzyme activity was increased by 1.55, 1.72 and

Yrim B H#: 2019-12-30
BEL£WmA . HEAAHTFERIE4TH (31425020) ; 11754 # S48 &7 23 5 (BE2017319)
*BEEE PR (1981—), & Wt B W W A S0, R B TR R R RS . E—mail : chensheng@jiangnan.edu.cn

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 6 2021



R B RCBR LA B Ak S OF J0AT I P 09 KGR R R R

0.95 times. Based on the above results, the effects of PL concentration on the growth of recombinant

bacteria and the expression of GAD protein were further studied. The results showed that the

production of GAD in the fermentation broth increased with the increase of PL concentration. When

PL concentration was 0.1 mmol/L, the maximum activity of GAD was 28.28 U/mL. The preparation

of y-aminobutyric acid(GABA) by whole cells of recombinant bacteria showed that the optimum pH

was 5.0, the optimum temperature was 40 ‘C, and the optimum amounts of the recombinant bacteria
with PL (GAD-PL) and the recombinant bacteria without coenzyme precursor (GAD-0) were 40 U/g
(in glutamic acid) and 50 U/g (in glutamic acid), respectively. With the concentration of 400 g/L
glutamic acid, the GABA yield reached 275.60 g/L and 273.61 g/L, respectively.

Keywords: glutamic acid decarboxylase, Bacillus subtilis, recombinant expression, y-aminobutyric

acid
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GAD) R[5 & — ks L-5 IR a— IR I 5 —
I3 F CO, 193, 28 B TR 25+, pK fH R
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PLP #hG& 42 (UL 1A 1) Bl i A A4 ik ie B (PN) ik s
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$E GAD % g, #HEAEUIRIEGY T 76 KA AT B & I
HREEIN PN 5, B ERXT A CREI PN)
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Tk H, 8 A 0 2 mol/L NaOH 5% HCI 3 5 pH
=70,

LB [& #4355 15 77 5 . LB WA 55 % 5 vh s fin ot
IR 20 o/L BBEAR K

SRR RN W RN L LA [ VR
mol/L 1114

H 56 5 37 ik LB WA 8 3R B v 2 B s n 0.5
mol/L L1 A4 1 A1 H 58 B, BT & W B2 R 100 /L (Y i
R

RM #5372 & . LB W R 35 5% 2 P 3 i 0.5 mol/L
I ALEE AN 0.38 mol/L H #&EE

TB 5373 (g/L) « 73 0 PR e B ¥y 24 o 2 H I
12 g Hl 5 g, =K BERR A 8 1643 ¢ BEMR — &
B 231 g, WT 1L EBTAKP, G2 mol/L
NaOH 5§ HCI #875 pH % 7.0,
1.1.3 X Quickcut Hind IIT BR il ¥4 Py U] B . 1
F TaKaRa 4= ) £ 25 £ R A IR 2\ 7] ;2xphanta Max
Master Mix Exnase 11 JC4% % 823050 & . W) B o5 MEHE
(R0 AR A BR 2 7] DL-10000DNA Marker |
AN EER URER WA FEEYARA A FR 4
B & g pEEE I DNA [RIBGRF & 3 K AR
AR (dEE0) A PR F  Unstained Protein MW
Marker FRifEE A& EEE B HI S XA & . WA A S
REWHEARGBRAT ; /3T R E A AR R
4 A 32 [ Oxiod 24 A 5 oAt B . W [ [ 254k 2
A BR A
114 E&ME PCRAXL: 1A %A Bio-Rad 2
) 5722 RUEEAN AT WA G EE T B A A BT
WERARAF; BHEAE LV W H Beckman
coulter 2> 7 ; KQ-250F %48 75 I8k 4 43 6 ML . W A
TR A R B A R FD s pH T 0 A 5
Mettler—Toledo 23 7l ; B0 AH (0354 . W8 B 2 HE1S
BHEABR A,
1.2 XWAHZE
1.2.1  3l4pakit LUK pET-24a(+)—gadB A
B, MR TG 5% v R W] P5URF Bt D ) o3 i B IE |
DL/

1E [ 59 (F1) :5' -GGAGTGTCAAGAATGGAC
CAGAAGCTGTTAACGGA-3'"; &Ia51% (R1).5'-
TTTATTACCAAGCTTTCAGGTGTGTTTAAAGCTGT
TC-3',

LR KL 2K pHY300PLK A #EH , HR¥E 4% 70

Wet [ 5 B D U Sl B AE B 1wl 5 14

IEM514) (F2):5 -TCAAATAAGGAGTGTCAA
GAATG -3 ; & 1759 (R2) :5'~GGTGTTTTTTTATT
ACCAAGCTT-3',

BT ar B 51 Wik 2= o0 S e AR R A
R R A,
122 B®ARAFRIHRAGER DLHER
T R pET-24a (+)—gadB AFAL, F1/R1 M 1E %
598 1 gadB B BYEE ;PCR VAR F (50 pl) -
5xPS Buffer 10 pL.ddH,0 34 pL .dNTP 4 plL. #iHg
DNA 0.5 pL, 1E 210 51 ¥4 0.5 uL,Primer STAR
Polymerase 0.5 L,

PCR 2% .94 CHUZEYE 5 min, 98 CAEHE 10 s,
55 CiR K 5,72 CCHEAH 2 min, 25 P 58 4iE fif1 3 72 0
1729 MR ;72 CHEAf 10 min;4 CHRAT

LR 34K pHY300PLK R4, F2/R2 M 1E J%
] 5| P4 8 2 1k 3K PCR VAR % (50 pl) :5xPS
Buffer 10 pL.ddH,0 34 pL.dNTP 4 pL. BHz DNA
05 pL,1E 1151914 05 wL,Primer STAR Polymerase
0.5 plL,

PCR F2J7 .94 CHUAEYE 5 min,98 CAME 10 s,
55 CiB k55,72 CHEAP 6 min, 28 P & FE i 3 7 0
1729 MBI ;72 CLEAP 10 min;4 CERAT

I A 2 R R 26 38 20 1R PCR 455 38 it 3t I A%
i FL UK R A T B0 IE
123 BWARFRBIE A EZELSLEE I
1.2.2 © 5 E IE 5 /Y PCR 7™ 47 38 4k Byt B b 2 g [] i
W & UEAT D FTUR B9 PCR =9 H Exnase 11 i
el 4, HEARRWT :ddH0 5.3 uL 5xCE
Buffer 2 pL Exnase II 1 pL, A%k 1.16 pL. H
I 0.54 pL, & T PCR 1Y 37 “CJ M 30 min 58

KA IM109 A 7 1k ik I | f 5% A 4
MO AT 2 5 100 we/mL 25 5 % 2 1) LB Bk R:
FeHk b, AE 37 CHEHR G FR 46 B8 1597 10~12 h, $k
BT V% 2 % 100 pg/mL ZFHFHE A 10 mL LB
WAR R IR A B TE R K 37 °C 200 r/min 35 5%
8~10 h J& WA A&, O B2 OB AL LA 36 iF R A7 )
SEYCHY R BRI R EAT Hind 111 B Y1565 1F
S 3R A 5 A MER AR R A BRI,
IE B TR GE o ol ik R AR R E
B. subtilis ", B AL AN MR AT 2 20 we/mL 1Y
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WEM LB FEAS IR I, 78 37 CHa R 724 ) &
Fid% 10~12 h, PEHCHRTETE 2% 20 pg/mL WA R
910 mL LB AR S 35 5 | & THE IR 3% R 37 °C |
200 r/min 35 5% 8~10 h JE WA 1A, I 4 HUBT A
(i yIEsana
124 #HEBEAEF GAD A& G ften  ¥-80 °C
RAFH E AL B. subtilis/pHY300PLK—gadB VA& FR
O3B0 0.2%35EFh 2 55 20 wg/mL PUFR K (1) LB A B
FRIEr IR FEIR 37 °C.200 r/min §" KK FE 8~10 h,
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3 h Ja o3l in A — ¥ B 19 PLP PL PN, i i #%
K 33 °C,200 v/min #F17H A HE AR5, KR
T2 AEAS R RV BCRE I ODgpo 12 000 1/min 540>
1 min S8 FHARMEZEE FWER, KBREIAH 1T mL,
50 mmol/L .pH 5.0 1) Na,HPO,— 1716 & 9% v i 7 % ,
BIA 0.6 mg/mL % &, 7E 37 ‘C/2 ) 30 min J&5 %
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BE FVE WA REDUVE , fd ] SDS-PAGE 45 I H 4R
FI
1.2.5 £48 GAD B&nl 2 IRPEIELH :0.1 mol/L
— KB AN 0.15 mmol/L PLP ¥ T 50 mmol/L .
pH 4.5 () Na,HPO,~F7 1R 2 vh i vh | B T 4 “Cilolt
RIS

FRRZ . KA 360 WL YA Y 1.5 mL
EP & F 37 CKBE MBI 10 min J5, MA 40 pL
GAD HLEGWE , 7E 37 °CF [ 4 min J5 , LA 600 pL
0.2 mol/L.pH 10 F i % 28 wh il 2¢ 1k 5 N, T i 7K
K 3G 10 min,

GABA A il 5 5 >k ] HPLC-OPA Z L gt
FAT A2 A GABA AR il 00

fif 1% 52 SC A B, 1 min AR P 5 A A=
B 1 pmol GABA JIT 75 1) il &k — /16 J1 407 (U)o
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1.2.6 F4E 4 miH % GABA T L a4

1)GABA Wil FHZKBC ] T B e 0 127 /L
) — KA 2R B (Pro3 ik 100 o/L A 2R, LA T
BTG 04 S S0 bt ok B E AT 3R ) o 7E 150 mLL
AR 20 mL JEY), A — 22 5
TR (£ 55 CORVE B4 T AL B 50 min, 2 35 40 i 5 1 38
B, O R, AR 2 h A 0.6 mol/L 19 H,S0,
1 NaOH 5 pH, fF HAR 2 501 4h pH — 8, 76—

FERE pH T, 150 r/min 7K ¥ $& K o &N — Bt B
], 280k R0 J5 AT 2 WAL 3, 12 000 t/min 5.0 5
min % FVEW, &SRB 0.22 wm A HLIERE S
JH HPLC—OPA #E AT AR V5 AT R

2)GABA AE R I Kk uE A p R il i
HPLC Il GABA 4 i %31 HPLC €535 4% {4 11
T :Agilent 1200 HPLC 4 3%4% Agilent H Zh#EFEH: |
GL Inertsil ODS-3 Y AHAE  Agilent £ AMG I #S . it
BIA A HERA R EL 995 mL 4l K, i A 4.52 ¢ ToK
RN B FEAE FL ST 50 1 A, TR A5 mL DY &0k g
102 ml =%, Z 5 UK ZBRIAST pH 2 7200.05,
SRR 0.22 wm JoHLEF 4 25 98 IO 8 &
T A B R E 200 mL 24K, InA 4.52 g G
K TR AL FL ST 40 s i, VK SRR Y pH &
7.20+0.05 J5, FHKRUNA 400 mL €3 40 i) i A
s, FvK BRI pH £ 7.20+0.05, RA 5 H
0.22 wm A HLJE Jo i B ik g A FH o o B e L 3L oy
0.8 mL/min, N 40 °C. H ¥ W i 1 1w FR A0
GABA F5 i W T AU GABA AR i 5 A
W

Y:ATxIOO%

K.Y B GABA H AL R %A AR TR A4 i
GABA (1) 52 b B v JE | of Ly T R 45 % R 5% Ak A= il
GABA HHUS UK IE , o/L,

LSRN

21 FAEBRBEBEARNNE

PASE 56 2 A7 19 TR pET—24a (+)—gadB F 15
B, 93 gadB B 1R B, IF LR 248 pHY300PLK
SRR T SRR AR B, B AR E 09 7 4 B
J W R i L Dk A, B BRI R B gad BRI T RE 3R
K E A pHY300PLK K250 1 428 bp 115 731 bp,
SIS m /N —30 WAUE IE 6 )5 18 44 Exnase 11 3%
BEBAS WIS R B B2 PG A E. coli JM109 J5&
ZAAM RAE] LB B R (S E T EE
PR PRICA TR YA & LB A R (RN EHE
PUrE) it s % . BRIBOTORE D) 56 UE A0 T A 2
J, MEATKHE GHREESFAREEE
B. subtilis I WA 8] LB BEARIE =5 (& IHHRHT
M), Z 5 PRBCHR R 75 & LB AR R0 (F UK R
Pk ) 85 3% 8~10 h, $&IBUTTRL 5 2F 17 il U 38 3iF 43
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il , 5 & W IR B 33 °C, 78 F 411 A& 2 72 vp 43 )
7% N B PLP ({3 #X GAD-PLP) % il §if /& PL ( &
FR GAD-PL) fil PN ( faif % GAD-PN) & & ¥ i
0.5 mmol/L, KM45 W5 12 000 r/min &> 1 min
ARAF VAR, R U A0 B Ry R AL S AT 4 L
12 000 r/min .0 5 min 733 GAD ML, 255 W
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Effects of different medium additives on the

production of the recombinant GAD
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20 5 min 733 GAD HLEGH , 45 R LK 5, Bl PL
W BE 3G, GAD Jil V6 b 22 #2524 PL MR N
0.1 mmol/L B ,GAD [iff 1 ik 3| i = & 28.28 U/mlL,
ARSI PL AR B WG O oK kAR 2 AR AR AT
A1 PL Y Bl AR INHR N 0.1 mmol/L, & 6 Sk & B 5
FE A NN Rl v BE PL 5 () B2 4 GAD 25 14 J5 L vk
Pl DB v AT BLAE AR X 43 T 53 000 (4 45 B I
H— G WA B F UK AR, A5G GAD g
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Fig. 5 Effects of different concentration of PL on the

enzyme activity of the recombinant GAD
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Fig. 6 Effects of different concentration of PL on the

production of the recombinant GAD
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