TR A SR IR Dec. 20, 2018, 45(12): 25632575

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.180022

XX AR S A FIKE Lactococcus lactis NZ.9000 {5 8
RS 1E R HL I

kB kT BERY HE
(1. MLR R T A HARBE W E SRS LI % 214122)
2. LR RZFEAEY TRSBE 1108 B8 214122)
Q. LR S AR AR BB E LTI E (L T8 214122)
(4. TR E AR LA SHEAREZ TR E L B8 214122)

B OE (ST BRI TSN EABMAESL AR E G 24 E08EME,. [B8]
AR A RBR T A IR 5 LB SR ¢ BR 18 bt , B AT MR R AR BRIVE A ALH], Ait—F
R H IR B SRR T K0 83k, [k ] @i 5% 82 & PCR LA £ T RAR
Bt L. lactis NZ9000 = #eAn BB ARME R T XA AR KT Eh, SFBILFERER
A BRI o RA R4 2. [4R] RARRIZREHREENER T A REB TR
Fa BB, EBECBRAL Z AR, HmRREE L 0T, CRRESCABRMAIEIEZRR
S B A, 2 pH 4.0 AL EE, RARBALYERE G Ao Z RBABIL = iR 2 X
SRR AR LR, AR ATP & ARG 42 1%, A LSRBMASE AR 1.99 42, @id
it FRIA RABEBERIT TR E R, £ pH 3.6 £ TAMA 0.5 h &, HEFLHAHTRANY
11.11 45, (45 ) ££ L. lactis NZ9000 FIX K T A AR S BR A A EAAE, t—F T
£ T BB 5 FLBR A BR 18 U 6 220 Al

X$i8: Lactococcus lactis NZ9000, RARER, BAMA, KX ZF PCR, RAABtIBE
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Improvement of acid-tolerance of Lactococcus lactis NZ9000 by
aspartate
ZHANG Yan-Wei'? ZHANG Juan'?" DU Guo-Cheng®® CHEN Jian®*

(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi, Jiangsu 214122, China)

(2. School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China)
(3. Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan University, Wuxi,
Jiangsu 214122, China)

(4. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Background] As an important microorganism in fermentation, lactic acid bacteria are
confronted with severe acid stress during the process of production. [Objective] We analyzed the
specific mechanism how aspartic acid improved acid stress resistance of L. lactis NZ9000.
[Methods] The effects of aspartate on transcription levels of key genes in energy production and
amino acid metabolic pathways were analyzed by fluorescence quantitative PCR under acid stress.
The content of aspartic acid was increased by overexpression of L-asparaginase. [Results] The main
mechanism of aspartic acid to improve the acid stress resistance was generating oxaloacetate and
glutamate in the role of transaminase. Oxaloacetate entered three carboxylic acid cycle and can
provide more energy for cells; glutamate promoted acid resistance through glutamic acid
decarboxylase pathway. The transcription levels of genes of glycolysis and three carboxylic acid
cycle pathway were up-regulated and the content of intracellular ATP was 42 times as high as that in
the control group at pH 4.0 for some time. The intracellular glutamate content was 1.99 times higher
than that of the control. The survival rate of recombinant strain obtained by overexpression
L-asparaginase was about 11.11 times as high as that of the control at pH 3.6 for 0.5 h. [Conclusion]
Aspartic acid could improve acid stress resistance of L. lactis NZ9000.

Keywords: Lactococcus lactis NZ9000, Aspartate, Acid stress, Fluorescence quantitative PCR,
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L-asparaginase

#LM2 & (Lactic acid bacteria, LAB)J& T4 %[
FRPETR, 2SR . A7 25 AT R
G W A LR AL XA o (R AR BT, TE
OB AR A TR S Sl ) 2 B, T8 T E Y
KB EN . AR & R PR R, FLERAY
Koa DA e N 8 89 () 8 W 18 4B 2 ol L T
ZRFNNIRIE , S LR A S, dE
P H 7 Yy ryik— 20 R B A5 AR DI RE I R AR,
P, {RmrLERE e bk o=, |,
IR A B 0 vk R A E SRR
TR RAPTER A N R D) BN s R IR Rk
TSR LA T R I 2T R A g5 0T

GAFETRAE Jy A5 4 M AR A Y =2 2 k)
BT, TERRm AR it b AR EEEH . H
IR SCBIF 5 = 5 4 v 4 I O 2 i ik 78 ARG

CRN AL S A RN A3 L 57 Y ke S S B U
RIRTE R NRIHE T T IHFEM N H AR y-%(
ST ORI pH (pH)RFA s RS & R
VP AR o 2 R A5 A A i NH; #1 ATP, th
N H I FERA AT HHE AR pesh, 2
FREERWER . AR . FredR)ME e
FHHFENIRRR , FRICTPRRSE &, ZEMEET],
T 438 LR R (PRI itk . Len 20 % BRRR I
18T HA BT AR Th St 2 B 1 ilvE % 5 KF i
2.70 f%; Santiago 21N ilvE B, TELHEHKIOER
i AR, SR, AHA TR AR R R
RHRS R A B, X H e E e Ahis i
TEUCE A YR B BT 7 TR A 5T iR AR AR,
AR E L AT e — 2R 5T

NN e S BU BT VA 3%i LA T L
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Jol 3B N A7 S R O X BR T RR 4 100 A% 0 R 98 A8
Mh——TBSFLATFE Lbz-1, #0007 & PR ER %S
ASRR I P R A R (Asp) R R i & it ok 1 ik
— K Asp TEVENIRIE FARFLRR A ) HTRR
BAEH, AW AZLRR AR Lactococcus lactis
NZ9000 SAWFFERTE, Bl Asp TESGERRIMAE J5 1H
PFEFRRCR, JFifE— PR HIAR B EIBLE], LA
W1 S SRR A iR AR BT BR VR FH AL A A A 1l
TS 2 T %) A P SIS
1 HE5TE
1.1 EHR. RAMEFREG

FrHE R A Lactococcus lactis NZ9000 (LR 2
“F: LLN, CP002094; fif>2“NIZO Food Research”
Wi ST, BBk pNZ8148Ul . L. lactis
NZ9000 7 GM17 535 3M17 F s 5 /L A%
WAL S B SRR SA Ak i g S
I, WEFRUEEH 30 °C,
1.2 FZERFIFNEE

M17 WHRFEHE(Oxoid), KA AR (Asp), 4
TAY TR AR E] ;5 GeneJET PCR 46
ik & . Spel . Sph 1 WYIEGEF NuPAGE 10%
Bis-Tris Gel, Thermo Scientific Z¥5]; Solution I.
PrimerSTAR HS (Premix) , PrimeScript'  Reagent Kit
1 SYBR® Premix ExTag™ , K544y TAATBR
Fl; Nisin, iz 5 £ 5 HFWHZE, Sigma 23>#] ;
BCA & a7 . RNAprep Pure Cell/Bacteria
Kit, AR LR A PR 7] 5 ATP Assay Kit,BCECF
AM BOCIREE, BB REYFARYIFIT; Ammonia
Assay Kit, ScienCell 23] ; 4 N F PRI R (PK) &
EVE e PoE AR &, RIS E AR
HABRAT; Amplite™ Colorimetric NAD/NADH
Ratio Assay Kit, AAT Bioquest®/z§ﬁ|; HoA AR 4
N E7 o3l

HLFARRE A AL, MP Biomedicals 2\ ;
LightCycler®480 system, %' [C/\H; Agilent 1260
FRGRAR IS, R P ENVAIR A £
TIREMFHRIX, Thermo Scientific A ] ; BER AL

HLFE4KAY, Bio-Rad 23],
1.3 Asp si&RNNKE BN E

30 °CHPEREFR 12 h R LA 2% 3R e e
FERIME Asp WEESM5I0 0. 40, 60, 80 mmol/L
) GM17 55k, FRERKEXTECRIAG by, faoe
IO hy. FaEREA3 sk, B 10 mL ER T
4°C, 8000 r/min B5.0> 10 min, A FHZATRER
22 W (200 mmol/L, pH 7.00)HF A5 8 000 r/min &
O 3 min, VEE 2K, WAIE, RAeESH. HE
REET | mL FRBERE PR =R TR,
B IRE 2, 8 FastPrep-24 PR35
4iiffd, 12 000 r/min #Z.L> 5 min BEGER, [ L3
W IMAZIATRAY 5% =S ZBR(TCAYRY),
30 min JTIEE T, 12 000 r/min 2.0 5 min B FE,
0.22 pm 7K R U85 H

R RO AU T s AR H 2R (OPA)iE
FPRERTATAE s @34 ODS HYPERSIL (250 mmx
4.60 mmx5 pm); R 40 °C; JiE#E: 1 mL/min;
L ARG 2% 8 R DK 338 nm, FEC K 262 nm!™,
1.4 L. lactis NZ9000 E&EMB ISR 9 47

1.3 K537 12 h (IRFIRLL 2% i 1
%15 60 mmol/L Asp Fl pH 43514 6.0, 5.5, 5.0,
4.5 (FLERVETT)Y GM17 K533k, F 30 °C HE s
FRo BRE 1 h B, ME 600 nm ARIOEE, LA
GM17 $5F7 5 A (AT . L ODgoo MAERR, K
FEHE AR FR, 221 L. lactis NZ9000 (4K h
Ao BRME 3 PAT, Z5RBCEFSE,

1.3 #5535 12 h BRI DL 2% i i 4
£ GM17 83, FRRiRA KX IS hy, B
5 mL T 8 000 r/min #.0> 3 min, F 0.85%EHEL
JKEESE 8 000 r/min 5.0 3 min, PEA 2 ¥R, INSEA
1 pH 4.0 A1 60 mmol/L Asp [1) GM17 B53= 5L b1 Ty
aREFE. a0, 1.5, 2.5, 3.5h /)5, HU900 uL
FIT 8 000 r/min 2.0 3 min, ] 0.85%EFHER/K
PRI 2 A1, B 10 uL siFF GM17
DiRERA L, 30 °C HigF 24 h, HRVEITEORT
AT R GE A L B 30-300 CFUYPY,
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1.5 RAKLFEE PCR

L. lactis NZ9000 7E GM17 15373 i A= K E XL
Hii(5 h), 8000 r/min Z5.0> 3 min, 0.85%E3EEK
PRI MERIR, SRR pH 4.0 GM17 AR5 37
A 3.5 h EEG . TR, BEOIEERIR, WA
B Ja s TS | $% 8 RNAprep Pure Cell/Bacteria Kit
VLB 532 L RNA, 57 B ] PrimeScript™
Reagent Kit & RNA JZ 5 5% 8 cDNA ., #¥E L. lactis
NZ9000 H £ #7541, {81 Beacon Designer 7
ALt 9 6 it PCR (RT-PCR)H 51 41 (£
1), Lk 16S rRNA JEHE NS ELR . RT-PCR S
A% . 2xSYBR" Premix ExTag™ 7.5 uL, I . T
519 (10 pmol/L)4% 0.6 pL, cDNA Fi#z(200 ng/uL)
1.2 uL, JGR7K 5.1 pLo RT-PCR SN 5cf4: 95 °C
5min; 95°C5s, 55°C20s, 340 PMER,

%1 RI-PCR 3%

1.6 L. lactis NZ9000 fa N & EEL & E RN E

R Tk GM1 7 B3R5 T 22 IO L P SR R
T E R, RN 1.3 B55E 12 h A FIRLL 2%
PRI R SA A IUEFRHEY, WRARK =X
¥ (5 h), 8 000 r/min #5.0> 3 min, F 0.85%4: 3
ERAKERE: . B0, PRI 2 K, INEEAFE pH 4.0 I
60 mmol/L Asp 1Y SA & I TIa RS+ . 41
SEMHE 0, 1.5, 2.5, 3.5 h J5H 10 mL B E.C .
PRI BRI IR AR, (R
REC13 A7 TR . A8 AR S T I 2
PRI
1.7 KA ATP. AEEHEEPK)EE. S
[R BB {0 pHi AYNE

L. lactis NZ9000 76 GM17 B35 5 rh A= K Z x4k
(5 h), 8000 r/min 0> 3 min, F 0.85%4:HLh

Table 1 Primers used in RT-PCR
51 751 519 751

Primers Sequences (5'—3") Primers Sequences (5'—3")
acnBF ACAGATAGTCATACAACAAT akF CTGGAAGAATTGAAGATA
acnBR CTAACATTACAGCCTCAG akR ATATAAGGAATGACTGAAG
argGF CTTGGCATATTCAGGTGGAT pdHF CTCATATTCCACCAGTAA
argGR AAGCGGCAATGACATCAA pdHR TGCTTATCATAGTCAACA
argHF TCAAGTAGCAACCGATATG thrAF GCAGACAATATCCACAACTT
argHR GGCATAAGAGTGTCAACA thrAR GACTCGGTAAGCCAGAAT
LdhF ACTTATTACGGAATTGGAATG glkF CAGGAATCGTTCGCTTAG
LdhR TTACGACAGATGGAACAC glkR TTACTTCATCACCATTGTCAA
adeF CTTCACCTCATTCCATCA ptkF GCTCAAGTAGAAGGACAAC
adeR TCAGCAAGATAAGCGATT pfkR GTCACCACCGATTACAAC
ser[[F TGTTCCACATCCAGAAGAA pgkF TCCATTCGTAGCAATCCTT
ser[IR ATTCCAGTCACGGTCATT pgkR CCACCACCGATGATAACT
glyAF CAATCCACTTCCTTATGC pkF CGTTGTTACTGGAGATAA
glyAR TTAGCCAAGACTTCATCA pkR CATCATCAATCAAGATAGTT
aspBF TCAATCATTCATCCAATCCT pycAF GAACCTCGTCAACCTCTACT
aspBR TTACGACAGCCATTCTTG pycAR CACATATTCAACTACCGCATCA
gltBF TCGTGACAGGAAGAGATG gltAF AACAATACTGACCAATCCTT
gltBR GATACAACCAATCGCAACT gltAR GCTAACGACTGCTCTAAG
pyOF TCAGCAAGATAAGCGATT gapdhF AACAGTCGTATTCAACAC
pyOR CTTCACCTCATTCCATCA gapdhR GTATGAGTGGACAGTAGT
gadF GCCTATCAGTTAGTTCAA 16S rRNAF GCTAATACCGCATAATAACTT
gadR CAGTTGTTCTTGGATATTC 16S rRNAR TATGTATCATCGCCTTGG
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KBRS WA, BEFSTE pH 4.0 250F T A
Rk, WA 0. 05, 1.0, 1.5, 2.5, 3.5h i, HURE.
B PR, ARG TR . ORI
W, 419 ATP Assay Kit., 41l N EHER I (PK) L
WM R0 vk o R I ) & A Amplite™
Colorimetric NAD/NADH Ratio Assay Kit Il & it A
ATP {5 5 PK 6 E LA LN NAD/NADH fy HL R
1.8 EHEHK L. lactis NZ9000-pNZ8148-ansB
TIEBAMBESEL

16 KEGG " ARTSHmis K AR IR 3L ansB
B4, A Primer Primier 5 #%611514) ansBF Fll
ansBR (% 2), . NHEIYIHY 595 AI0A Xba 1
F1 Sac TABFUIAL (5 1 RN 2 53) o LA L. lactis
NZ9000 () 5EF 4 M5iAR , i1k PCR 934815 ansB
FER ., PCR JZWAAZ: 2xPrime STAR HS (Premix)
25.0 uL, 5[4 ansBF Al ansBR (10 umol/L)4% 2.0 pL,
L. lactis NZ9000 3B 2.0 uL, JCHEK
19.0 uL. PCR i 5%fF: 95°C 3 min; 95°CSs,
55°C 15s, 72 °C 1 min, 28 MG, JFk: pNZ8148
F1 PCR § 34 7= 91 43 B Xba 1 F Sac 1 #4171,
EEYI =464k 5 ] DNA 52 EER H 3L 5 3800k
Bz, R R AR 5 ok 4 R Fn s TR A
L. lactis NZ9000, T 505 R ik ik K8 A
Kk L. lactis NZ9000-pNZ8148-ansB FIXf B 17 #k
L. lactis NZ9000-pNZ8148,
1.9 REBERRERHYIF S RIEFEGE LN E

AR B EEMRTE A 10 mg/L A& RT
GM17 BB 4 K Z ODgoo 204 0.4, fILA 10 mg/L
(%) Nisin /55 RAWERERGZRIE . FERMRA K 20E
A9 h), 8000 r/min &.0> 3 min, F 0.85%4:#fEh
KB L AR TAA . HBERRZE 1Pk (100 mmol/L, pH
7.2)EE R, fdi ] FastPrep-24 $iE M 40i ,

F2 FRNAEMAY
Figure 2 Primers used for plasmid construction
519 FF 51
Primers Sequences (5'—3")
ansBF ATATATCTAGAATGAAAAAAATCTTAATTCTCCAC

ansBR  ATATAGAGCTCTTAATTTTCCAAAAAAGGACG

4 °C, 10 000 r/min #.L» 10 min J5H LT
SDS-PAGE Z3#fr A 3 7 o

SDS-PAGE 43 Mr®' R 5% I J2 v 4 e
12%M T2 B, fils s % LB E R REY)
FARA PR ARG A A w7~ 545 . SxLoading
buffer A4S : 1.25 mL Tris-HCI (1 mol/L, pH 6.8),
0.5 ¢ SDS, 25.0 mg /M4, 2.5 mL Hif, e
TKEMIFEAEE 5 mL, EEARLEEH . BU40 uL
FESL T 10 pL 5xLoading buffer, 70 °C HI# 10 min,
10 000 r/min #Z.0> 30 s, BRI 20 pL AR THL
Ko HIKESHE, BEPIRAES S R-250 kG
8 1h, 10% (PRFR L) BERR I €0 25 HH BTS2 1
it o

IR ER) S vl o ARt () T o
IHPERRA . 1 min F4k L-asparagine 4% 1 umol/L Asp
1 NH; JIr e B2 Sk 1N 1 B(U0) 2,
1.10 BMBE&H T EHBERE MBI TR D4

TESA 10 mg/L &R GM17 Kigdkh i
VRN BE R ZE ODgoo 210 0.4, fIIA 10 mg/L
Y Nisin F AR, REEMA K ZXEPESI6 h),
8 000 r/min &[> 3 min, 0.85%F FER /KBRS . B0
WA A, AR T pH 3.6 119 GM17 4 TME 53
BERR 0.25 h BURE, bR, I SR A P RR I AETE 2
1.11 MEEHTEHEFEREANSEER. NH,F1
ATP & EHINE

Nisin 75 5 5 21 B AR FOGT B P AR A 4 X0
JE (6 h), 8000 r/min &0 3 min, 0.85%EFER/K
PR WCEETRAR, INAERFE pH 3.6 1) GM17 i5R3E
PEATIA R SE . BERR 0.5 h BURE, IREEEIR, mERE
2, EUAH LR RV 2 M PN U JE R . NHL I ATP,

% H Ammonia Assay Kit (ScienCell)il5& fifd Py
NH, YRS, JERRJEAE ol — R AN 2 BRI S M A1
2514 NADPH #4fbAE G NADP, B SO i 7,
TE 340 nm AbOEREZR IR, NH, W S5 HAL
HORAIE Y, AR AR R e N VR EE
2 GREH

2.1 Asp RIEBRMKERIHE
BitiZE AR Asp ¥k FEE 18 i A B% FR IR [a] 1 ZE K
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L. lactis NZ9000 iy Asp ML R AW N, &
ZIRFRAT, I = AR IS [RI SR Asp
WEES L. lactis NZ9000 FUHILN & st 7 1 lAE , 45
AN 3 PR o MAMNE Asp W EE 55T 60 mmol/L Hif

%k 3 HNE Asp ¥ L. lactis NZ9000 RN Asp &
=(ng/mg EH)RIE N

Table 3 The effect of exogenous Asp concentration on
intracellular Asp of L. lactis NZ9000 (pg/mg protein)

fisf ] ANIR Asp TR JE
Time Concentration of exogenous Asp (mmol/L)
(h) 0 40 60 80
5 12.2940.04 26.23£0.09 35.47+0.11 33.14+0.07
9 25.76+£0.12 50.43+0.06 56.51+0.09 56.80+0.12
13 25.53+0.08 44.36+0.02 43.83+0.07 46.01+0.03
A
25¢
pH 6.0
2.0+
1.5}F
S
1.0}
—a— L. lactis NZ9000
0.5 —0—L. lactis NZ9000 (Asp+)
I
0.0 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14
t(h)
C
2.5 ¢
pH 5.0
20
—a— L. lactis NZ9000
s —O—L. lactis NZ9000 (Asp+)
S
1.0 |
0.5
g
0.0 L ] n 1 L ] n ] L 1 n ] L J
0 2 4 6 8 10 12 14

1 (h)
1 A[E pH T L. lactis NZ9000 B4 < %

MIPN S AT, 4EREFE 56 ng/mg AL,
L. lactis NZ9000 (LN Asp &R ERFEA, Hit
BEFH 60 mmol/L A il s Ik B iF 4 1 J 2250 5
2.2 Asp X L. lactis NZ9000 E& B iB H1E A 820
J T HAE Asp X L. lactis NZ9000 FRIFME T PE )
M, WE THESA Asp B9 pH 435108 6.0, 5.5,
5.0, 4.5 WA, L. lactis NZ9000 f)H: KM:RE
ZERANE 1 B, 76 pH 6.0, 5.5, 5.0 B FR&0F
T, Asp BIFFLEMIFERI(12 h) L. lactis NZ9000 f)
AW BN 23.9% ., 63.3%F1 463.0%., SZEG4E
L, RMNAAMETR, Asp ATLABH 2 L. lactis

NZ9000 K A:RE -
B 25
pH 5.5
201

—a— L. lactis NZ9000
—O—L. lactis NZ9000 (Asp+)

ODy,

14
D
25 ¢
pH 4.5
20+
—a— L. lactis NZ9000
s —O—L. lactis NZ9000 (Asp+)
3

1.0 |
0.5

g—F—e—® —a—o—e —i——a
00 s 1 L 1 L 1 1 1 1 1 1 1 s J

0 2 4 6 8 10 12 14

¢ (h)

Figure 1 Growth curves of L. lactis NZ9000 under different pH
. A: pH6.0; B: pH5.5; C: pH5.0; D: pH4.5. iRELN 3 AT AR ER.
Note: A: pH 6.0; B: pH 5.5; C: pH 5.0; D: pH 4.5. Error bars indicate standard deviations (n=3).
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R T R R A AT Asp X L. lactis
NZ9000 fif Sz L2, M T pH 4.0 BRI
R, G5RE 2 Fow, WA 3.5 h)E, RS
RXTHRE) 75 F%, KU Asp Wl EHEE L. lactis
NZ9000 7£ pH 4.0 Frifl 2514 F IAFIE 2

ARBTG5, BUE T Asp 7T 2
FHEE L. lactis NZ9000 (AR a Pk
2.3 Asp %t L. lactis NZ9000 F<$EE F 4L F Kk
=R

RIS EE RS Asp RIAEURE L. lactis
NZ9000 FIER M aHYE . Asp 1E L. lactis NZ9000
Ry NadE: (1) e ERERT ARER S
TRRAZIR; (2) TERLRBHIIEF T A O 2R Fn
MEHARR ., LRI RIRS 5 = RBIEI N
MAEIRAL T 2 AR B EARANE AR D AN
AR 2 T34 A FIAE 2 T Ot 0 i T A2 A i 42 1
T AR A BTS2, FRAIAH RT-PCR # 2
T a5 F Asp ¥t L. lactis NZ9000 BHEEfR A =R
PRGN 1 2= e ts, & Asp 1UHH&RAR rh K HEIE A
FESRIKF-BIRZ . R 3 BT (R AR e Hi 5 2L

100

10
g
g 1
g
'_NS' ok
Z
£ 0.1y —=— L. lactis NZ9000
“ —o— L. lactis NZ9000 (Asp+)
0.01

1 (h)

2 BMBEMT Asp X L. lactis NZ9000 755% K B £
Figure 2 The effect of Asp on the survival rate of L. lactis
NZ9000 under acid stress

TE: R AREEN=3); **: R RBEP0.05).

Note: Error bars indicate standard deviations (n=3); **: Significant
difference (P<0.05).

BESEAOT I EUAR) , B R R A2 R A B A Asp B K
R R P A i — 1Y pH 4.0 381 3.5 h
J& , Gt R A2 15 24 (L -aspartate aminotransferase)
1 AspB FERF % B 2.24 1%, KRB Asp 7E L. lactis
NZ9000 1) FEEA Iy 2URTER 2 M E T A it
1% (Oxaloacetate) FIIA 2 FR(Glu)
2.4 Asp X L. lactis NZ9000 ffi] Glu ¥1 GABA
EENFN

R T R A IR A MR A A S R I R T
WSS, 2 RIE T AW Y Glu Fil
GABA &, [RIE, ATk 2 FOK X N 205
Mg S s, B Sl B 2 SRR Ak B G R
FREFR L. lactis NZ9000, FIFH 5 RGRAR €L SCsE 1
IRE ST AMNE Asp XTHEN Glu F1 GABA =15
M, Z50LE 4. pH 4.0 MRl T Asp BIAFFEIE
N Glu F1 GABA (st m, Wka 3.5h 5, It
TR RRY 2.28 #1222 i, HIEEE SRR
BT SR —20
2.5 Asp X L. lactis NZ9000 Al A{ERE B 220

38 RT-PCR £5 %, Wa 25T Asp 15
WEIRE AR AN — FRIRIE A ™~ BRIR A8 Hh OGS IL A 1o, w]
REMANMEIRHE T 2 RE R, HAFHAERE T pH;
FXFFRE o A T HE—HAIESEIR L5, X pH 4.0 kA
ST L. lactis NZ9000 i N ATP, PK Bifi& J1. &
AR S L RN pHG AT TN , S5 5R AN S B .

M S FTUAE 1, BB &MAT, Asp MIAFTER]
B B HER L. lactis NZ9000 L ATP 5, pH 4.0
ZUE R MA 3.5 h i ATP & Xt BEZH 1Y) 42 7% ;pH
4.0 B, L. lactis NZ9000 1) PK 15 1 81 i 7}
. B A BRI e, BSOS iRGE TR, Asp
AT DAGRAF PKBE JJAEXERE , A 3.5 h J5 20 %0
WEZH ) 1.6 15 s BRIA (i L. lactis NZ9000 Jiti N NAD"
TR, EARRE T RETCIE R AT,
Asp ] LA4ER: NAD/NADH  AARXT -4 ; B8 3.5 h
JG, XHRELLR pH; AT FRE, I ApH b 0.24, Tfi
Asp FIAATERE pH; 1Y R RER AKX, ApH {34 0.10,
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Figure 3 Schematic representation of glucose and amino acid pathway in L. lactis NZ9000 and effect of Asp on the
transcriptional level of key genes

e A: L. lactis NZ9000 HH A MM ILRRICHHLA]; B: Asp ST SCHEEE R HE SRAKEMREM. R: FHbae 1o 56 P Sk HL L
Note: A: Schematic representation of glucose and amino acid pathway in L. lactis NZ9000; B: Effect of Asp on the transcriptional level of
key genes. R: The ratio of gene transcription levels before and after acid stress.
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Figure 4 Effect of Asp on the content of other Glu and GABA under acid stress
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Note: A: Content of Glu; B: Content of GABA; Error bars indicate standard deviations (#=3); **: Significant difference (P<0.05); *:
Significant difference (P<0.1).
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Figure 5 Effect of Asp on the contents of intracellular ATP, activity of PK, ratio of NAD*/NADH and intracellular pH under

acid stress

e A N ATP f9%E; B: PKEHG; C: NAD'/NADH; D: pH,. iR#E4k. frfEZn=3); **. ZREH(P<0.05); *. ZFEH

(P<0.1).

Note: A: Intracellular ATP concentration; B: Activity of PK; C: NAD/NADH; D: Intracellular pH. Error bars indicate standard deviations
(n=3); **: Significant difference (P<0.05); *: Significant difference (P<0.1).
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Figure 6 SDS-PAGE analysis of L. lactis NZ9000-pNZ8148-ansB (A) and activity of L-asparaginase (B)
#: M: Marker; Control: L. lactis NZ9000-pNZ8148; AnsB: L. lactis NZ9000-pNZ8148-ansB. IRZELL . FrfEiE(n=3); **. £H T
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Note: M: Marker; Control: L. lactis NZ9000-pNZ8148; AnsB: L. lactis NZ9000-pNZ8148-ansB. Error bars indicate standard deviations

(n=3); **: Significant difference (P<0.05).
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Figure 7 The survival rates of L. lactis NZ9000-pNZ8148-
ansB under acid stress

Vs R FREREGE3): H ERBEP.05); *: %R
E(P<0.1).

Note: Error bars indicate standard deviations (n=3); **: Significant
difference (P<0.05); *: Significant difference (P<0.1).
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Figure 8 The contents of intracellular amino acids and NH," of L. lactis NZ9000-pNZ8148-ansB under acid stress
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Note: A: Content of intracellular aa; B: Content of intracellular NH,". Error bars indicate standard deviations (n=3); **: Significant

difference (P<0.05); *: Significant difference (P<0.1).
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Figure 9 The contents of intracellular ATP of L. lactis
NZ9000-pNZ8148-ansB under acid stress
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Note: Error bars indicate standard deviations (n=3); *: Significant
difference (P<0.1).
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