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L2 # (lactic acid bacteria, LAB)FF R T £
PSR AL, AAG R AR . B, mar TR
L T A AE SO FH AR SR, ek
Lb. bulgaricus PRy 50 A W15 B 240t =
B, Z 5EKIATT pH T MR IE AT AL, 5
R DA R A R R AL R 4E 5 B B AR IR TR PR
it 52 1 S A5 R D

M =5 RN H S RS
(two-component system, TCS)H 2H % R & H 34 i
(histidine protein kinase, HPK)FIN 25 15 2 H
(response regulator protein, RR)ZHAYS, Az
RIAREFE R, TCST AT 1 i TR #E e 1
W5 5] B ER M 52 2 )i (acid tolerance reaction,
ATR), 25 T BRI ER R AE K PERE AR 1T
JrAIMEE T HPK ZR78(R CH3-H Al RR1 RASHA
CH3-R, i1 2-DE il RT-gPCR % E H T —8b
T R ARG 1 22 S Fah LA, Hodh | RIS B R
¥ Wi %% 7% Bf# (adenine phosphoribosyltransferase ,
Aprt)TEREMSAL T R ARG R 12 TR s 1Y 5-%
PRAZ - 1-FE R (5-phosphoribosyl 1-pyrophosphate,
PRPP) U fill £ i % 7 AE B R i 11 (adenosine
monophosphate, AMP), [ T 52 Wi 2205 4% 4 B2 (¢
AN, 3B rTREXS RE A AR ;. D-IN R -D-
N 2 B2 i% P& (D-alanine-D-alanine ligase, Ddl)Z
55T D-N R A AN A AL EE v IR SR Y AR 05 i
oA, X ANRE G T A R s ZEIIK ABC $ia R
[ (oligopeptide ABC transporter, OppDII)5Z {15}
G3 WA BT B WAt B s SEAR L Ts (elongation
factor Ts, Tsf)A B T-7E 8K 1 BA B LE A B Bt
B IER A BN GE N g Z BRBEH, RN &
G

7288 P LA AT DR 10 01 S I o e = A 530 L R A
FEME AN T HER A0 o 7 T Be, TUE 2 T X
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HILH DR H AP Bk, ASBFS0KE Aprt.
Ddl. OppDII #il Tsf 7EFLERFLERH NZ9000 Hifi 1T
FIRFRIE, WITIX 4 P oeize RIEN R B e
EERYERRZI , FRTT TCS1 JAFERIX 4 %
e S AL TE bk ATR R /T . I &
B, MJEE Lb. bulgaricus CAUH1 AL S
HARMER, KA Le. lactis NZ9000 ik n] gES 5
Lb. bulgaricus CAUH1 Tif BR S IV 1) P TR 128 34 i
(pyruvate kinase , Pyk) Fll {& & #9 % 5% A +
(hypothetical transcription factors, Ldb0677), & ¥R
1 E T AR RE )15 2 T AR e, T
f& LA IR H ) DNA BRI recO (DNA repair
protein, recO)JERITE Le. lactis NZ9000 H1 5%k, fifi
TR EZH P MRAEAR pH PR T BT AR M 25 et
A T 1 e P SR SR M PR PR P AH TR A apre |

ddl. oppDII il tsf, FAE Le. lactis NZ9000 HiEfT
SRS, e X R RN R R 2
TR IR R , X X Se I A Th RE A T
T I UERIPEAN o A ERE XA 58 H R (yeast two
hybrid, Y2H)WF5E T W45 #Z %+ HPK1, RR1 5
MR R A7 2 11 Aprt Dl Z [A] A AP 3AH BAE
AWTEGEIRA aprt F1 ddl B RTERRIE N H 9 S RER
FE I AR o TR R TR TR PP A L FH B 43 T AR

LA
L1 BERR. BORL. 1Y, B
ABFERTEE . Bk FI S 1) 3% 1 F13k 2.
AR S2 56 o BT FH B TR AR 9 KW AF - DHSo, Lb.
bulgaricus CH3 . Lc. lactis NZ9000 FI1FRH £k
Y2HGold, S5 FH 3 8 ki A R A - FLRR 3L
BRI ZE 84 pMG36¢'LL K pGBKT7 DNA-BD,
pGADT7 AD . pGBKT7-53 . pGBKT7-Lam il
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pGADT7-T &M FBEEE W% 58 256 1 Fokr . SE56
TSI TY 1 aprt. ddi. oppDII 1 tsf
FE IR A KA 2 TR AR LA B P T4 A 4 K T R AL
Z4 58 TR AR IR St A P B WL % A8 A S (3R 2)

P TR KA FF 1 DHS o 35 35 352 LB 35 35
3 TR FE Lb. bulgaricus CH3 (53735 & MRS
i3RIk Le. lactis NZ9000 7E GM17 B335 KL(s
0.5% 71 2 B M17 B35 30 iR ilF 4 78555 o e B TR
TE YPDA 537365, SD % %7 3 (Synthetic Drop-out
Medium, SD KiF#3)HEEs%,

Lb. bulgaricus CH3 7£ 37 °C § & 1538 . Le. lactis
NZ9000 7t 30 °C ARG . GM17 KE375H0 LB K
FIEAFIHINIA 5 ng/mL F1 10 pg/mL SEE X, ik
pPMG36c BAVETERE , ¥ Y2H 40 kb b AT i
DH5a, FA& & K8 % (100 pg/mL)si Al %
(50 pg/mL)AY LB - i 16 P 7ef . YPDA R 370k |
SD 155545y [ TaKaRa BIO INC./AH], A% . &
THER ISR A A 225 Sigma-Aldrich
ONFle HOl LB KEFRIE . M17 BE3RILAT A 2 A9 4l
2y B JHET A AR T A PR H

R 1. AKHES R E R R E PR BURL

Table 1.

Strains and plasmids used in this study

Strains or plasmids Characteristics

Sources

Strains

Lb. bulgaricus CH3
Le. lactis NZ9000
Le. lactis NZCK
Le. lactis NZAprt
Le. lactis NZDdl

Lec. lactis NZOppDII

Le. lactis NZTsf

Isolation and identification from traditional fermented milk in Chinese pastoral areas Preserved in our laboratory

Host bacteria of the expression system of Lc. lactis
Lec. lactis NZ9000 carrying pMG36¢ plasmid

Lec. lactis NZ9000 carrying pMG-aprt plasmid

Lc. lactis NZ9000 carrying pMG-ddl plasmid

Lc. lactis NZ9000 carrying pMG-oppDII plasmid
Lc. lactis NZ9000 carrying pMG-tsf plasmid

E. coli DH5a Plasmid cloning host
Y2HGold Yeast two-hybrid expression strain

Plasmids
pMG36¢ Chloramphenicol resistance, expression system carrier
pMG-aprt pMG36¢ plasmid carrying aprt gene
pMG-ddl pMG36¢ plasmid carrying ddl gene
pMG-oppDII PMG36¢ plasmid carrying oppDII gene
pPMG-tsf pPMG36¢ plasmid carrying £sf gene
pGBKT7 DNA-BD  Kanamycin resistance, bait plasmid for Y2H, BD
pGADT7 AD Ampicillin resistance, prey plasmid for Y2H, AD
pGBKT7-53 Recombinant plasmid as positive control for Y2H, BD-53
pGBKT7-Lam Recombinant plasmid as negative control for Y2H, BD-Lam
pGADT7-T Recombinant plasmid as control for Y2H, AD-T
pGBKT7-aprt pGBKT?7 carrying aprt gene, BD-APRT
pGBKT7-ddl pGBKT?7 carrying ddl gene, BD-Ddl
pGADT7-hpkl pGADT?7 carrying hpkl gene, AD-HPK1
pGADT7-rrl pGADT?7 carrying rrl gene, AD-RR1
pGADT7-A pGADTY7 carrying the A domain of ipkl gene, AD-A
pGADT7-B pGADT?7 carrying the B domain of spkl gene, AD-B
pGADT7-C pGADT?7 carrying the C domain of spkl gene, AD-C

Preserved in our laboratory
This study

This study

This study

This study

This study

Preserved in our laboratory
TaKaRa BIO INC.

Preserved in our laboratory
This study

This study

This study

This study
TaKaRa BIO INC.
TaKaRa BIO INC.
TaKaRa BIO INC.
TaKaRa BIO INC.
TaKaRa BIO INC.
This work

This work

This work

This work

This work

This work

This work

http://journals.im.ac.cn/actamicrocn
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F2. AMRPEMASIY

Table 2. Primers used in this study
Primers  Sequences (5'—3") Restriction sites Targets
Aprt-F TTCGAGCTCGCATGGAGGATTACAAAATGTCAATTG Sac 1 Full length of aprt for expression
Aprt-R  GACTCTAGATTAAGCGCCGGTGTATTGAAC Xba 1
DdI-F TTCGAGCTCGCATGACGAAAAAAACACAAGTTGG Sac 1 Full length of ddi for expression
DdI-R GACTCTAGATTAGTCGTGCTTGTGCAGGATG Xba 1
oppDII-F TTCGAGCTCGCATGGCAAATAGAATTTTAGACGTTAAAAAC Sacl Full length of oppDII for expression
oppDII-R GACTCTAGATTAATCCTCGTCAGCTGCTTG Xba 1
Tsf-F TTCGAGCTCGCATGGCAAACATTACTGCTAAGC Sac 1 Full length of tsf for expression
Tsf-R GACTCTAGATTAGTTCTTCATTTGTGCAGCAAC Xba 1
HPKI-EF CCGGAATTCATGATCAACAGCCTGTTCAA EcoR 1 Full length of Apkl for Y2H
HPK1-BR CGCGGATCCCTATCCCTTCTGAATAACTA BamH I
RRI-BF CGCGGATCCATGCTAGCCATCATCATTTT BamH I Full length of rr! for Y2H
RRI-PR  GCCCTGCAGTTAAACAAGGTCATTTTTTG Pst1
RRI-XR CCGCTCGAGTTAAACAAGGTCATTTTTTG Xho 1
Aprt-EF  CCGGAATTCATGGAGGATTACAAAATGTC EcoR 1 Full length of aprt for Y2H
Aprt-BR CGGATCCTTAAGCGCCGGTGTATTGAA BamH 1
DdI-BF CGCGGATCCATGACGAAAAAAACACA BamH I Full length of ddl for Y2H
DdI-XR CCTCGAGTTAGTCGTGCTTGTGCAGGA Xho 1
DdlI-SR  GCGTCGACTTAGTCGTGCTTGTGCAGGA Sal 1
A-EF CCGGAATTCCTGTTCAACAATCTAGCTTT EcoR 1 Truncated hpk 1 (hpki-A) for Y2H
A-BR CGGATCCTTATTCCTGGTTTTTTTGAATCG BamH 1
B-EF CCGGAATTCATTATGGCCACACGGATTCA EcoR 1 Truncated hpk 1 (hpkl-B) for Y2H
B-BR CGCGGATCCTTAGTTGATCTCAACCTTGGTCT BamH 1
C-EF GGAATTCAAGCCAATTGCTACTCTGCC EcoR 1 Truncated hpk 1 (hpkl-C) for Y2H
C-BR CGCGGATCCTTACTTCTGAATAACTAATTCAA BamH 1

1.2 EHERIE
AR DNA $#2HU 7 £ (OMEGA bio tek,

FEDNULH BHEE Lb. bulgaricus CH3 FEH 4
DNA. K& Lb. bulgaricus ATCC 11842 4xFL[KH
(GenBank % 5¢5 CR954253. 1) aprt. ddl ., oppDII
M esf SEHFAEITE 5, DIFEH Y] DNA Wi
Me, 76 FWESIWIINA Sac 1 B, FHEsI#inA
Xba 1 fisi, I PCR JT¥EY M aprt. ddl. oppDII
T esf B B 2R PCR 77539055 Sac 1-
Xba 1 FEYIGH) pMG36c %, K15 5 4H kL
pMG-aprt, pMG-ddl, pMG-oppDII F1 pMG-tsf,
W 5 40 JFkE pMG-aprt, pMG-ddl, pMG-oppDII Fl

actamicro@im.ac.cn

pMG-tsf 433l 7E 2000 V., 200 Q F1 25 uF T HL§%4k
| Le. lactis NZ9000 252 2541 , 44 2 20 2H T ik
Le. lactis NZAprt, Le. lactis NZDdl., Le. lactis
NZOppDII H Le. lactis NZTsf, ¥ pMG36¢ Ak
Le. lactis NZ9000 ¥47 Le. lactis NZCK it FEE £k .
1.3 RT-PCR iWMEHEHRE
K A3 % 5% PCR(reverse transcription PCR,

RT-PCR)FER; s Ak 22 5 5L R 1 Sk i el
B FERK Le. lactis NZAprt, Le. lactis NZDdI, Le.
lactis NZOppDII il Le. lactis NZTsf DA N %} BE B R
Le. lactis NZCK 7E&54 5 pg/mL H 75 Z 1 GM17
H1, 30 °C NHFRH T ODgp=0.8. K Trizol i



THESE | A2, 2020, 60(11)

2525

FIFLEUA R AL RNA, ZEBRIEFL] DNAY, KA
TaKaRa BIO INC A H]f PrimeScript™II 55 —4%
cDNA & it &4 i cDNA, 2R J5 LA cDNA Ak
M, FHARR 51905350093 apre. ddl. oppDII 1
tsf FEL
1.4 SDS-PAGE il & &k
BRI IR 5 RT-PCR G 3 PR 6 38 52
A . 4RBEAE 4 °C T E0(8000 r/min) 5 min,
FHTA Y PBS 28 MR UE 2 IR, AR5 EHIE IR,
UK F A% 30 min (75 W, TAE 10 s, [A]F& 10 s).
4 °C T E.0>(12000 r/min) 5 min ZFRAMPEE R, 3K
15320 MR B . K LB O 5 2% SDS-PAGE |
FEGE MR, 23 5 min, JH 5% (W/V)HR 4 A
12% (WIV)5r B R B e T vk, IR % 5
#2215 (Coomassie brilliant blue, CBB) R-250 }f,,

1.5 HEHRAEKEES

Y EHFE M Le. lactis NZAprt . Le. lactis
NZDdl. Lc. lactis NZOppDIl, Lec. lactis NZTst F
BB RR Le. lactis NZCK 5#1(2%, VIVIE GM17
Be3edhrp ) 3R7E 30 °C SR I ERAM 66
71(UV-2100, Unicol Shanghai Co. LTD.)#£ 600 nm
AhAERE 2 h WEIUEEARAY ODeoo, RITIKE B IR LT
[PB-10, FEZFHRF AU (AL 50 A BR 2wl 100 E
Jfi5h pH (extracellular pH, pHex)o
1.6 AR HABE ] 43T

JIA TRMEAE 30 °C FREFR TN S pg/mL AE R
) GM17 H1, 1E ODg=0.8 BFSEEANNT, s 2Hi 115
2 iy, FH PBS PR, —MEEASH S pg/mL
AR AR GML7 A 57 55 (pH 2.5) Ak
1 h, — O AT A b PR A X B oAb PR AT fS
PIA AR AT T GM17 P4l |, 30 °C 555% 2448 h

J&, MTERACFRETE AT T, AR T
i b P S 0 AR H A . AR T IR GR
JHL DRXT BR AR T R 14 RS S, PR T 3 S 3 PR X
PR R L At B 38 BE O B 5, 0 46 IR R B A
(1.25%4-A17t, 20 min), #UHA (50 °C, 30 min).,
B iria 10 °C, 12 hyF5 LA (15 mmol/L H,0,,
30 min)!"?, BRI AP A LI, R IR
2 SRR VE S I AR R, A4 By 4 BR U 2 i
ATEIAT
1.7 Y2H kit

FHE RS 250 TCS1 AN E R E 134
BF(HPK 1), W 2259015 8 1 (RR D) S5 FR VR 4% 25 57 2R
1 Aprt, Ddl AAHE A AR DGR, AT
T AR MRS AS IR . pGADT7(AD).
pGBKT7(BD)F1HAth X} H& JFi 47 . TaKaRa BIO INC.
W93, 26 1 BT AT Y2H 430 4 4 ook 2 i
XUV T 16 AR DNA &R Rk it
Ao FH T A8 il 2 1 ) A e e 3 40 J2 3
R 2 FAHR S5 AN Lb. bulgaricus CH3 [
FEIN 4] DNA AT PCR 9383145
1.8 BERREAL SBE AR

) FH B iR 42 (lithium  acetate, LiAc)/rSH)J7
W B g 245 E TR AD 1 BD 20 Bk i 4k
| Y2HGold F#RIE&Z S 40 " 7E SD/-Trp-Leu
FE 3R 5L (SD g B B B R L LA R) | 30 °C
WEE 3 d 5, R I SRS W) BORL Y 2 1
T, HE R MR B BICE K, P87 ODeoo
2950 1.0, K 5 uL AS[EAS EERG BEM(1:10, 1:100 A1
1:1000)FH## # 25 5] SD/-Trp-Leu-His-Ade YE451%
FiFRHk(SD i sh i b B E R . e IR . HA
fiR FIRIZNS) |, 30 °C B EREFE 2 d.

http://journals.im.ac.cn/actamicrocn
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2 ERFAM

2.1 EHEREAE

N T A Le. lactis NZ9000 " 3 ik Lb
bulgaricus CH3 "5 TRFRINEREE 1A G Aprt,
Ddl. OppDII Fl Tst &1, 4534 1 apre. ddl.
oppDII i tsf 58 B, i Be K /IN3 il 297 543 bp
1089 bp. 1044 bp F1 1029 bp, 4R FRikE,
K pMG36¢ F (&1 1), K7 PCR, XUEGHT] % 5E FI
W2 56 UE B4 BH A 5 4k 7 43 3 a2 4 pMG-aprt |
pMG-ddl, pMG-oppDII £ pMG-tsf (5 A B R).

KWESE aprt . ddl. oppDIT F1 tsf 1 TH BRE 5
HIVERT, %54 aprt. ddl. oppDII Rl tsf 1) UKL 43

aprt
Y Sac | w——>ba 1 ——

b ddl
Sac | wtmmmmmr= Xba |——

€ Sac 1

d tsf’
Sac | ey Xba |—— =

WEALR] Le. lactis NZ9000 32 2540 b o B4 R
L pMG-aprt, pMG-ddl, pMG-oppDIl 1 pMG-tsf
T %ot B J A pMG36c Z WL AL E) Le.
lactis NZ9000 H, 3814 ks 2 BOTF2EF 70U 56
HE(E 2)5

MIE 2 Wl IR, & E 2 BORL AR R/
BIRT pMG36c 25 Hifd, H BN A A& B2 1 ¥ s 30
%o % Xba 1 LFY1 5 25 A T 0N 555 K/ N i
KFFEYIRLMR pMG36c 253k, Al E B
SHIMHE ; 4 Sac 11 Xba 1 WY 5, A S5
DIREPER pMG36c 25 AR/ INH A I 5517 DL K
AN 22 1 T R I 47 22 S BE TR B PCR 71 R/
— WA A . UL E 4L TR pMG-aprt,

pMG -ddi

"k \56 bp

N pMG pooDIl |
Xbal— L 47llbp

oppDII

B 1. RiABKIRHEE

Figure 1.

actamicro@im.ac.cn

Construction of the expression plasmids. a: pMG-aprt; b: pMG-ddl; c: pMG-oppDII; d: pMG-tsf.
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2. EBFRABSYILIE B KE

Figure 2.

Agarose electrophoresis of the recombinant plasmids verified by single and double enzyme digestion. M:

DNA marker DL5000; 1: pMG36c; 2: recombinant plasmids; 3, 5: single enzyme digestion of pMG36c¢; 4, 6: single
and double enzyme digestion of recombinant plasmids; 7: exogenous PCR products. A: pMG-aprt; B: pMG-ddl; C:

pMG-oppDII; D: pMG-tsf.

pMG-ddl, pMG-oppDIl Fll pMG-tsf J X B8 iz
pMG36c LML ZFFLNINEALE] Le. lactis NZ9000
o, Bl 4 M FLERFLER T NZAprt . NZDdI,
NZOppDII, NZTsf fil NZCK,

2.2 RT-PCR # SDS-PAGE K il & 4 i bk ik
THBL

R TR Lb. bulgaricus CH3 H i XZH 7 R 40
TCS1 W 1 5 TR RN IR BE ) AH G 22 5785 11 Aprt
Ddl, OppDII F1 Tsf {E Le. lactis NZ9000 {33k
L, KA RT-PCR H ARG T i e 5L R 76 7 5%
K- B RBEO . LM FLERTH NZAprt .
NZDdl .NZOppDII NZTsf #1 NZCK #£ B 5 RNA
FLE S B s cDNA AR, FHARR (9514

47 RT-PCR, 35434 aprt. ddi. oppDII F tsf
FEH, B5ERE 3 iR,

FLERFLEREH NZ9000 i fffe S 155 5%
FRYE TCSs, HLHAE LT B IR A A
H TCS1 5 ZLERFLER T NZ9000 H i XU 405 5
P RGE TCSs AT X A BRI PR PEARAR . FLigi Lt
PCR ¥ 34 &k I(l 3), FLERFLEKIA NZ9000 H A7
A AR S B v S Y 3K 1 72 PSP T £ in SIS
B aprt. ddl. oppDII I tsf FEH . Ht, Big 3L

iz FLEREH NZ9000 H i S 405 555 5 /R 58 TCSs

Xif S IR A 7 PR FLAF R ORI A I AP ix 4 >
ANEAE AR

ME 3 HEfAFE Y, Lb. bulgaricus CH3 H1

http://journals.im.ac.cn/actamicrocn
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bp M 1 2 3 4 5 6 7 8

5000

3000

2000
1500

1000
750
500
250

100

3. MERIAIEHEXEE RT-PCR F=H) 89 ik E
Figure 3. Agarose electrophoresis of RT-PCR product
of acid-related genes. M: DNA marker DL5000; lane 1,
3, 5, 7: Negative control (NZCK); lane 2: aprt
(NZAprt); lane 4:  ddI(NZDdl); lane  6:
oppDII(NZOppDIl); lane 8: tsf (NZTsf).

TCS1 P B FRIEANSCHE R apre. ddl. oppDII
N tsf AT LA Le. lactis NZ9000 HH 47 34153, 7E
20 TR PR PO B I AE N A5 AT, T E X IR T AR
NZCK A MEEEI %A, 45K, SRR
KK aprt. ddl. oppDII F tsf YITE Le. lactis
NZ9000 AP Kk

K H SDS-PAGE #lZLERFLERH NZAprt,
NzDdl, NZOppDII, NZTsf Fil NZCK Y B E 1
KT . 4520, Lb. bulgaricus CH3 WY aprt
ddl . oppDII T tsf BRI BNAE Le. lactis NZ9000 H?
Sk, (HEARKRREEHEA S5 HEE
MRAE S AR IKKF E R 22 78 4).
2.3 EHAFLBRILERE NZ9000 4 KRBT

TERRIZAET , XTFLBRFLERE NZCK FiHE 4
FLBRFLERE NZAprt, NZDdl, NZOppDII 1 NZTsf
PAERPERE AT TOFY . AWK ILMR LR
NZAprt, NZDdl, NZOppDII Fl NZTsf ft 4 K i £k
XA R IR FLER A NZCK JLPRAES
(B 5-A)o BT A TR I EFir R AERRSE 2 h, 2-10 h
WA TR, ZE A WG AR

actamicro@im.ac.cn

kDa M 1 2 3 4 5 6
180

135
100
75
63

48
35

25
17
11

4. SDS-PAGE #illERiBZERERTE Le. lactis
NZ9000 # #IRIAIE R

Figure 4. The expression of acid-related genes in Lc.
lactis NZ9000 determined by SDS-PAGE. 1: NZ9000;
2: NZCK; 3: NZAprt; 4: NZDdl; 5: NZOppDlII; 6:
NZTsf.

FE I AEIE B AR S NN T 455 apre (ddl .oppDII
1 tsf IFLIRZLERTE IS pH (B 5-B). AR AL TA
PRI ODegoo WA N, HIAT pH WS4 R I, {HLEAK
B, RIFINEE XA KRS pH A 2
25, RUWFIHERIK apre. ddl. oppDII T tsf FEK
XA AR K AN AT pH BA B, BT AR
ot A I PR ) S DR A A 21 T AR (LA 25 SR,
2.4 FEHAMFLIRE NZ9000 M FRIEEAN

7 BB Aprt. Ddl. OppDII 1 Tsf f k&
TR T Le. lactis NZ9000 FTH BR 1 , XF FLER FLEK
# NZAprt, NZDdl, NZOppDII, NZTsf Fl NZCK
7 pH 2.5 ) GM17 KRR F:5H 30 °C B B 5%
1 h A5 ATE AT T 38 (E 6). X HRBRT AR L
FRFLEKIA NZCK 5 24 bk ZLIR FLEK T NZAprt
NZDdl. NZOppDII #1 NZTsf 7E R A F 17T 3
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Figure 6. The survival of Lc. lactis NZ9000 derivatives
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acid treatment. *: P<0.05.
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The survival of recombinant strains after various stresses. A: Bile salt stress: 1.25% W/V Ox-bile,

20 min; B: Cold stress: 10 °C, 12 h; C: H,O; stress: 15 mmol/L H,O,, 30 min; D: Heat stress: 50 °C, 30 min. The
survival rate was calculated equal to the number of living cells before and after the acid treatment. *: P<0.05.
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B 8. EEERXZLAT LI IS HER AR Y FoR B B R B E
Sketch maps of bait plasmids and prey plasmids in yeast two hybrid experiments. A: BD-APRT; B:

BD-DdI; C: AD-HPK1; D: AD-RR1. A and B are bait plasmids, C and D are prey plasmids.
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Figure 9.

Detection of interactions between bait plasmids and prey plasmids in yeast Y2HGold. A: AD-HPK1; B:

AD-RR1. AD: pGADT7 AD cloning vector; AD-T: pGADT7-T; BD: pGBKT7 DNA-BD cloning vector; BD-53:
pGBKT7-53; BD-Lam: pGBKT7-Lam; AD-T+BD-53: positive control; AD-T+BD-Lam, BD+AD-HPKI,
BD-APRT+AD, BD-DdI+AD, BD+AD-RRI1: negative control; BD-APRT+AD-HPK1, BD-DdI+AD-HPKI,
BD-APRT+AD-RR1, BD-DdI+AD-RR1: experimental groups to be verified.
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Detection of interactions between truncated bait plasmids and prey plasmids. AD: pGADT7 AD

cloning vector; AD-T: pGADT7-T; BD: pGBKT7 DNA-BD cloning vector; BD-53: pGBKT7-53; BD-Lam:
pGBKT7-Lam; AD-T+BD-53: Positive control; AD-T+BD-Lam, AD+BD-Ddl, AD-A+BD, AD-B+BD, AD-C+BD:
Negative control; AD-A+BD-Ddl, AD-B+BD-Ddl, AD-C+BD-Ddl: experimental groups to be verified.
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Expression of genes regulated by acid adaptation related TCS1
of Lactobacillus delbrueckii subsp. bulgaricus improved acid
tolerance of Lactococcus lactis subsp. cremoris NZ.9000

Chao Wang', Yanhua Cui'", Xiaojun Qu*

" School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150090, Heilongjiang Province,
China
? Institute of Microbiology, Heilongjiang Academy of Sciences, Harbin 150010, Heilongjiang Province, China

Abstract: [Objective] We investigated the acid tolerance mechanisms of Lactobacillus delbrueckii subsp.
bulgaricus by heterologous expression of genes related to acid adaptation regulated by two-component system
TCS1 (JN675228/IN675229) of Lb. bulgaricus in Lactococcus lactis subsp. cremoris NZ9000. [Methods] We used
reverse transcription polymerase chain reaction and sodium dodecyl sulfate-polyacrylamide gel electrophoresis to
verify the expression of acid adaptation related genes, such as adenine phosphoribosyltransferase (aprt),
D-alanine-D-alanine ligase (dd/), oligopeptide ABC transporter (oppDII) and elongation factor Ts (zsf), regulated by
TCS1 of Lb. bulgaricus, in Le. lactis NZ9000. We validated acid treatment experiment to verify the effect of gene
expression on acid stress tolerance of host bacteria. We confirmed the interactions between TCS1 and the expressed
genes related to acid adaptation by yeast two hybrid. [Results] Our results show that aprt, ddl, oppDII and tsf were
successfully expressed in Lc. lactis NZ9000. The expression of aprt and ddl genes increased the resistance of
recombinant strains to acid stress by 75 and 114 times. The expression of oppDII and tsf genes had no significant
effect on the acid resistance of the recombinant strains. Yeast two hybrid system showed that there was interaction
between histidine protein kinase (HPK1) of TCS1 and Ddl, and HPK1-C domain was the key region of the
interaction. [Conclusion] The acid tolerance of strains expressing Aprt and Ddl was significantly higher than that of
the control strain. The results of this study can provide references for the strategies of obtaining acid resistance of

Lb. bulgaricus and other similar strains.

Keywords: Lactobacillus delbrueckii subsp. bulgaricus, adenine phosphoribosyltransferase, D-alanine-D-alanine
ligase, acid tolerance, yeast two-hybrid
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