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7% 2 il

A SC LA AR i RS FLFE B 0 452 5K P Ak ATCC
11842 Sy i 55 T Bk , R 58 AN [) R 5 Jilr 36 2% 14 (122
AR MREL A V) X TR A IS FE 00 5 B TR AR
YN AEA [ PR BE e (FR 3 B3 A %) TRy
BN AR A A s TR Il b BIF9T TR A
Y AE 2 AL G TS BEORPER ; AR 4R AT
1 ATCC 11842 T BRAE B2 W5 I B2 AL AS 7] S5 4 F 7%
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1 #R5FE
1.1 #R5iEH
LLL Btk ORINANEFLAF A (Lactobacillus - del-
brueckii subsp. bulgaricus ATCC 11842) . & in#|
LA AR T R AR R W E
T8 A W e B AR S BP0 (China General Mi-
crobiological Culture Collection Center, CGM-
CC),~80 CAR i vK A O AT T TN AL A Ml K5 it B
B R TR E .
1.1.2 BEFR A 34K MRS #5595 4 iR
TR AR T R

Az BRER K 0 B R HERR BRI 9 g SA AL BN,
FHZE KR B2 1 L, 115 CKIA 20 min, HI 715 B
B i B
1.1.3  F %L TaKaRa RNAiso Plus & RNA
P& G 7 & Prime Script™ RT reagent Kit with
¢DNA Eraser ¢DNA 5 — %5 & Bl &, £
Thermo Fisher Scientific A R 2y 7] ;2 xSYBR

Green qPCR Master Mix %¢ )¢ & & PCR il & ,
N TFEAERHEARA A,

.14 U5 EE& SEERKES, LIBERE
JE 1754808 7, DW-861.33 # AR IR 740, JE 1 1 7%
BAL AL F A5 BR 2N 7] ; Hettich UNIVERSAL 320
T A R SO L Micro 120 RS B0 ML, 15
hettich 22 ®] ; % [C LightCycler96 5E B %¢ ) i &
PCR A, & [CI2 Wi = i (L) A BR A A

1.2 REH*

1.2.1  ATCC 11842 P& PRAEA [A] 3R 5% i 8 5514 T
2 H ARG R SR

1.2.1.1 AN[E PR 8 55 4% ATCC 11842 WMk AF
TR ATCC 11842 HHRZA MRS WAk 5 4
B2 CiEfb)E, UL 1% (B8 B2 AR pH
fH 6.8.100 mL & & MRS £ 7% 3 i # & i |
42 CHE 198 10 h ZXFB0h 1,4 °C .6 000 1/
min, B0 10 min 04 10 mL B A 88 T 4K
UMK MRS K5 rb B B R R 1A
W) B £ F R AR BR S 4 °C .6 000 r/min, 5.0 10
min IR 1 mL WK, 4350 FH A BRER K BE & 2 1k,
3 AT T, X A 3 IR

#1 FEFEHEEESKAE

Table 1 The factors and levels of different environmental stress

i B &

Jir 18 7K

BR 38 (40 min)
& a1 h)
fie 3 kit (1 h)
Aphia (1 h)
A (2 h)

pH 3.5,pH 3.7,pH 4.0,pH 4.5,pH 4.8,pH 5.0

NaCl 2% ,4% ,6% ,8% ,10%

0.025% ,0.05% ,0.075% ,0.1% ,0.125%
H,0, 5 mmol/L, 10 mmol/L, 15 mmol/L,20 mmol/L,25 mmol/L

0 °C,4 C,10 C,20 °C,30 C

1.2.1.2  ATCC 11842 F& ¥k 7E A [7] 24 5% W 36 2% 14
TR EAAPER R it L 12,11 T
7 PR b 30 45 12 %7 ATCC 11842 B bR FE TG 5%
MR, BiE T ATCC 11842 B R AE A [] 35 55 iy
3T Y BOBE (B R AT 16 R 50% 2247 ) 70 5 eIk
B (W RAFTG R 1% ) 564, (EERE b 3F
17 ATCC 11842 TR FETE AN [ FR858 M3 26144 T 58
AR AE R, BDE SEXt ATCC 11842 bk i
TR TR PR 858 38 T 1) W BOPE S AR 1 Ab B 5 SR )5 1
X ATCC 11842 BEARIEAT XA AN [A] PR 85 3

) e IR B & i b 3 S8 A U ATCC 11842
FRL R FE N R PR BE Bl 38 T S BO0E 4% 10 b B 5 R A1
SHE S5 A A BRS04 35 TRE, R TR R AR R R
ATCC 11842 BARAEA[A] P50 25 11 F 22 &
PRAVER . BRI Jrik an s .

DATCC 11842 T Bk Je 76 A [F) 21 58 38 T W
HAIE LA B ATCC 11842 M4 W 1A MRS
R gk 42 CHALJE |, B 1% (R0 B0 # Al 1R
pH {H 6.8,100 mL 1A MRS 5 77 3 4E T i+ ,42
CHEFFE 10 h X8 ,4 °C,6 000 v/min, £
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> 10 min Y 10 mL A, 43500 & A [7] 20 5% oy
W EHE A FH 10 mL MRS 15 77 JE B0 4 b (1R
flrie pH 4.8,40 min; 5 W38 6% ,1 hy A0 ER a8
0.1% 24-MHE )1 h; &0 15 mmol/L H,0,,1 h; %
38 10 °C,2 h) 435 ,4 °C,6 000 r/min, £ .0 10
min R 1 mL AR, B4 1) T A BRER K 6 4% 2
W o AT IS WAL, B E A 3 Ik,

@ATCC 11842 B ¥k -Fi- Xt 1 AN 5] 5 355 B a1 ¢
B &M T 258 1.2.1.2 F O [F #F
Behae T W BOE S AL PR S A9 ATCC 11842 1 1Ak
M, 535 4 °C,6 000 r/min, 50> 10 min £ 10
mL B A, 4350 B A B AR K VR 2 WKL R E T
iR B 38 e IR EOBE 45 14 (pH 3.7,40 min) &k W36
RESE 26 (10% NaCl, 1 h) AHEE W8 f (% B0
A (0.125% “FIRER 1 h) A8 AR 2088 4 1
(15 mmol/L. H,0,,1 h) 4 10 mL MRS 5 7% F: 4t ¥
i AT AN R JE 4390 4 °CL6 000 r/min, & 0> 10
min YA 1 mL B, F 2 BEER K VR 2 W, 4000l
HEATTG R, O g A 3 WK

BATCC 11842 T H7E A [F] FREE e 2 14 F
& HARAPAE AR TG 15

171 R [ Po= % %100

%orfr NA——28 58 52 240 555 i 361 0 B0 98 4% 4 4k
BRI o7 5 B 15 361 S5 1K BT 4% Ak B S 1 3 T
B, CFU/mL; NB——XF W NA £ 53 55 38 5% il 36 37
HOFE S5 A A B T 1995 B AL, CFU/mL,

1.2.2  ATCC 11842 FEMRLEAS [RIPAEE HhE (37 $5t
SR At A B ) TR 3 R 2 3K A AT

1.2.2.1  ATCC 11842 T ¥k 76 A [6] B85 38 (3 2L
FESCAF AL ) AR il & MRS 1.2.1.2 O
JriEXE ATCC 11842 T BR7EA [F] BR45 p38 T 2R 47
WBICAMHAE S, 4305 4 °C .6 000 r/min, 5.0
10 min Y4E 1 mL @K, 20 2R %5 , A-80 CIK
FtRAr 1

1.2.2.2  ATCC 11842 B&#k7E A [F] 3R 58 i (37 2
B S AF AL TR ) J5 RE S B RNA BB B0 4% R BORE b
3 50 A TR0V A B v YR IR B A I M A I R
K, #% M 2E [ Thermo Fisher Scientific TaKaRa
RNAiso Plus £ RNA 48 B & id ] 45 77 i 42

A5 URIBCRE il S RNA I T 29% S5t i W B JC Fi DK A
D25 FE i RNA J5T 5t A 98 38 1 5 SR 2840 3 6O
T 2% A i ODag/ODosg 5 0D/ 0Dy HY FLAHL,
FIWTA5BE R RNA 213 vk i
1.2.2.3  #&FEAE RNA [5G 0 cDNA - 2
PrimeScript™ RT reagent Kit with gDNA Eraser
(Perfect Real Time )i & ui B 45757k, LBR&HE
A RNA HAYJE 4] DNA, W AR 5 :5xg DNA
Eraser Buffer 1 wL,g DNA Eraser 1 pL, & RNA
1 pL,RNase Free dH,0 7 pL;¥& BAFEA cD-
NA 55 —4E WK R Lk B 10 L, Prime-
Script RT Enzyme Mix I 1 pL,RT Primer Mix 1
L, 5xPrimeScript Buffer 2 4 wl,RNase Free dH,O
4wl SEE S HI-20 CHRBE .
1.2.2.4  SEAF9EEE 5 PCR(qRT-PCR) N2 3 [
H5HBRERW RS LHG it 558 AR
PL LDB_RS01640 #: Ky NS 5L, LL 11 AW )i
T2 30 fR B TR Sy H A A A4S NCBI | GenBank
oA PRI A T ZL AT ATCC 11842 iy LR 21
t NS B DR B R AL E 8, AT Primer
Premier 5.0 fll DNAMAN 6.0 #Fi% 115149, i 4
MERS A MR A RS /G s 1P 51, N2
FH BRI WK 2,
1225 ATCC 11842 TR AEA [R] BR5E 30 (1. 2
TSI ) 5 B WS KA qRT-PCR ¥ #5155
H A9 qRT-PCR ¥ 34 72 5, AR 4 7500 2 4 2
YEHE AT R A A Y 2xSYBR Green qPCR Master
Mix 57 & UL B 7L T, SR # IR LightCy-
cler96 S A 98 5 & PCR A5 i, qRT-PCR 20
L K & :2xSYBR Green qPCR Master Mix
10 pL, b FUF519%45 1 pl,cDNA template 2
pL,ddH,0 6 pL, qRT-PCR JZ )i # ¥ :95 °C 5
min ¥ 1% Taq DNA polymerase %4 ;95 CAEMH: 5
s,51 CiRk 55,72 CIEAf 255, 3k 45 PRI,
ANFE S S HE 3 R AR 27T SR H A
AR IR HE
1.3 REEBESRITHIHAE

YEEI AR GraphPad Prism 8.0 ; 2 56 £ 45 %
Fi SPSS Statistics 17.0 i 47 Jr 2% 43 1 3¢ F B 5
W B 2= AT 2 H L,
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Table 2 Primers sequence of reference gene and target gene for qRT-PCR

B 4 AR

7 he

A (5°-37)

7= #1/bp

LDB-RS00810

LDB_RS00230

LDB_RS04920

LDB_RS02110

LDB_RS06340

LDB_RS09405

LDB_RS05285

LDB_RS05615

LDB_RS06995

LDB-RS01180

LDB_RS03130

LDB_RS01640

ABC #4512 % G 18 i 8

O BRH B 48 SF A B

2 B L AL

B BB e — R A -6 BR 4 RUB (5 ML)

T 25 5 BR E  Bl

434tz P A ATP Bg

4A%EiE P AL ATP B

2 F 448 DnaK

2T 448 GroES

WA

SRk &)

nA LR

F-CTCATACAACGACACTGGCT
R-CGTAAGCAACCGAGATTTG
F-GAAGAATGGGATGTTGGC
R-AGACTGACAGCAAGCGGTA
F-TTGCCTGGTGAAGTAATCC
R-GTCCAAAGTCAAACCGATG
F-CCCACCCACAATACTCAGA
R-GCAAGAAGGCGTATGAAC
F-GCTTGGTCTGCTCAGTTCAC
R-CTTCCATTTCCGCAATAACC
F-GGACTTGAAAGAAGGGCA
R-GCTGACCTGGCTTGATTA
F-CGTTGTCTTAGCGATTCCAGT
R-AGCGTCATCATTTCAGGAGA
F-AGGATGAAGACGACGAAACT
R-CACCGTTGGTTGACAGAA
F-TTGCTTCCAACGCTAAGG
R-AACTTCATCGCCCTCTTG
F-AGATGAGCACGAATACACCG

R-GTTCTTCTTCTTGTCGCTGTCA

F-GCTCACCAAAGACCATCATC
R-TGTCGCAGTCAGCAGTTCT
F-ATGAATCACGCAAGCACG

R-CCAACTGGGAAACGATAACTC

179

133

174

231

90

281

198

111

116

139

147

180

2 HRE5SMW

21 ATCC 11842 Btk EA R REHBEFHT

ZXERPERTAR

2.1.1  A[EFREE 0 45 ATCC 11842 B AR A7
RN HE ATCC 11842 ¥k AE A [F] 21
i30T A0 ERE (8RR AT 15 R 50% 4247 ) %44 5

120,
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e
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20
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i
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B AR BOE (WA IE 5R 1% fe A7) 50, UAE 5 2t
17 ATCC 11842 THBRAEAS[R) AR5 k38 25 T 19 22
AR E ST RS 1.2.1.0 ik 5, AT
AR PR 30 45 F 4T ATCC 11842 B bR A7 75 R 5

MR 5, 45 R WA la 1b 1c.1d . 1e,

80

60,

40

frim
Survival rate/%

20

pH
(a) R 38

e
Salt/%
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Fig.1 The survival rate of L.bulgaricus ATCC 11842 under different environmental stress

1 AT UL ATCC 11842 TERRAE I 1a BRI S5 A0 AR AR B VE 25 14 43 5l R 4 IR ER 0.075% ,1 h
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43510 pH 4.8,40 min Ml pH 3.7,40 min; 7E& 1 H,0, 15 mmol/L,1 h Fl H,0, 25 mmol/L,1 h; 7£ €]
b #h WA AN FE AR AL B BB AR le W IE R E K AL B O SO 20 10
B 251443 ) A NaCl 6% ,1 h il NaCl 10%, 1 °C,2h,
hy EE 1 PRERIA AR R I ESE 2.1.2 ATCC 11842 B k78 A [ 3 55 s 24 F
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Fig.2 The survival rate of L. bulgaricus ATCC 11842 after sublethal treatment corresponding to lowest lethal conditions

of different environmental stresses
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PR A ) T FUAT B R ) 2R 5% M 28 0 3 AR AP AF R B IR B R AT 29

W28 BEARPERIBEGY  #E Lk 2101 53K 58 1
T ATCC 11842 FE#RAEA R IR BT Wi T Y W B3
(HRAFTE 2 50% 2547 ) 565 B AR EIE (R bk A
TR N/ FAM R ERL L RYE 1.2.1.2 O
IR U vk, HEAT ATCC 11842 T4k 75 A [F) 37 85
Joir 38 25 T A AR VE T GE, 45 R ULIA 2a
2b 2¢ . 2d,

&8 2 B ATCC 11842 HHk7E K 2a FREL
FEAE BAR YL R it R0 HL0, M ia A1
Vo T 360 7 BOHE A B X RE ST A0 N ) TR BT %
2 1 B AR T i v P R A I R L TR W 3 A
S0 TG BOFE Ak B AT A R X R BOBE S A 0 A 1 R
g5 R % B B (P<0.01) , B IR AE I R 40 ) 45
T 7.9 50 5.2 £ FEE 2b R B B AR
o, TR 3 RN A b A8 T BOAE b B BE S 4R R B AR
TR BOE S5 AF B I A7E 3 (P<0.01), 40 il i T
5.9 {51 10.4 175 78 K 2¢ AHEE 000 2 1A% Pt 56
R a0 RN AR b Y SOAE AL B GE R R R AR
FEERBOOCRM N AAESRE, 40l E T 1.28 1%
(P<0.05) 1 2.57 15 (P<0.01) ; 7£ & 2d A B K.
PRy a R il A A AR T 0 Y BORE Ak B
P 5 B MR R R BOE A T LA, e T
1.5 £ (P<0.05) 1 2.22 1% (P<0.01) .,

FRGEREI ATCC 11842 HRRZ IR it Fn
S 300 I BUAY. £ 1 T Ak ) il 42 w5 A AN [ R 85 3K

IS
1

W
T

R SV
Relative expression level

IR Sr Ty
Relative expression level

)

-
&
&

R
& &S
RO A A -

D

FORIP S
& R &
I & P N
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AT MBS A5 1 A B

Pre—expose to sublethal stress

(a)%:H LDB-RS00810 ik

0#%
RO BE 4 b

Pre—expose to sublethal stress

(b) 3 LDB_RS04920 ik

FESEAE TR BARVERT, BIYG s T FE AR R )
BT T B0 50 o FRATHED - 158 Jbir38 4
0B SE AL, % T ATCC 11842 Wbk
AL A SIERESE T e S P W G T VA ) SE DAY €1 2
L R AR IR AR AL, 7 A e N 8 N ST M
PR 7 AN R PR 5% SUOPE 45 14 119 3 28 8000 F 38 B AR 37
YER . Bt A B2 —25 508 ATCC 11842 Itk
FEAS[R) PR B 60 (7 35080 5% 14 4b 1) R AH & Wy 38 1z
PR SE R 3 S KO LRk 284k,
2.2 ATCC 11842 Btk EA R INERME (LB T
4R ) TERRIEENHT

MR 2.1.2 55 45 R DL AHT I ATCC11842
PR TE T2 JUIh 30 R0 R V22 JUIR 388 S5 A2 1 2 ok 2 20 s 45
B, AR ATCC 11842 T Fk i b7 42 Ji 36 (1) Jik
PR e 3 B AR R A S i RS o T
PEAS AR AR SCHE KL A T qRT-PCR AR | 73 #r
TS R 7R AN (W) PR 45 38 (7 3FE 25 0 b B ) R e
SRR A AR,
2.2.1 A[E I8 a8 (F BOHE 5% 4 4b B3 ) %o 44X 04
A OOC LDB_RS00810 .LDB_RS04920 LDB_
RS00230 ik s M52 MG 1.2.2.1~1.2.2.5 77
I T, UEAT ATCC 11842 T bk 5 4 A it AH 56
J: [N LDB_RS00810 LDB_RS04920 .LDB_RS00230
ERFABE G CEBOEA AR N RIK RS
B, 25 R WA 3a.3b 3¢,

Relative expression level

AR BOSE 2% b 21

Pre—expose to sublethal stress

(¢)#EH LDB_RS00230 ik

T B OR[RING F1E 08 28 57 835 (P<0.05) o
B3 ZEARREMIESEGET ATCC 11842 & H LDB_RS00810.LDB_RS04920 1 LDB_RS00230 K13t R L=
Fig.3 Relative expression levels of the LDB-RS00810, LDB_RS04920 and LDB_RS00230 gene
in L.bulgaricus ATCC 11842 under different stress treatment

mE 3 4. 7E & 3a 1, ATCC 11842 [ %A
[A] B BR 45 il 3 i5F, K5 LDB—RS00810 1) 55 7K S

0 bR 2IE R W RN 48 3 (P<0.05) 5 1
R Wrae  REER 38 R4 i aE XT3 ) LDB-RS00810
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LDB_RS04920 3Z 12 38 | JH £k I 38 4800 38 1Y 52
i) 171 ¢ 14 1 {2 L JE (P<0.05) 5 i £k W 3 A4
10 %} 3 K LDB_RS04920 %3k 1 JC . 3% 5 W (P>
0.05), 7 3c W, H [N LDB_RS00230 f%% 5% /K
RSB u N b s = e VA 73 51 S =7 SIS R | R ) S|
(P <0.05); fij &k by 30 A1 fE ki 38 X% 5 K LDB_
RS00230 (%) 33k 5 o ik #5200 (P>0.05) . 45 R %
8. JEB LDB-RS00810 Wi i g Wy 36 1 42 e, ik
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(a)B: LDB_RS02110 %3k

4 o AEK 4a b ATCC 11842 1 X AS[A]
B R 3 B0 s 3L LDB_RS02110 75 2 B 36 Fi jH
R ia p R T R AR B E LI (P<0.05) ;1M
CIND 7/ 1 I =N ) 3 51 IR 7 NS TE I . LI/ e~ S P
LDB_RS02110 W)Fik T B 25 W (P>0.05), 7EE
ab v BN LDB_RS06340 % R i ia & i 10 F1 %
o360 Ab B A 5 | LG 3R i R 3 1R (P<0.05) 5 {1
£6 ik 30 0B ER 30 40 B X 5L X LDB_RS06340 %
KRR EEWE (P>005), HILFEWE . KK
LDB_RS02110 e ¥ R Jify 360 A0 JIE 25 38, 566 A
LDB_RS06340 i [ & 38 42Uk 36 A1V Jiikae
223 A[EIFREEERG OF 3058 5% b 3 ) % s &
Y Ml H N LDB_RS09405 LDB_RS05285 3% ik
B MR 1.2.2.1~1.2.2.5 k% 071k, #EfT
ATCC 11842 W t 5 ¥ iz & 4 #H X %
LDB_RS09405 .L.DB_RS05285 1£ A [a] 3£ 55 W 380
(73 FE 45 A A B ) R B 140, 45 R LD Sa,

i, 3K LDB_RS00230 Wi 1 2 W30 | 48 W Finve
[T SIE NN

222 AN[FEIREE A OF 35058 5% 28 4 21 ) X 2 5L R
R H & L N LDB_RS02110 LDB_RS06340 31k
AR R 1.2.2.1~1.2.2.5 3856 5 ik, #E 1T
ATCC 11842 T Bk 5 2 & W2 Q0 8 A O¢ & A
LDB_RS02110 .LDB_RS06340 7& A [a] ¥f 53 iy 301
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Cross Protection of Lactobacillus delbrueckii subsp. Bulgaricus under Different Environmental
Stresses and Analysis of Gene Expression

Zhang Xin', Li Chen'*, Zhang Shuai', Wang Yu', Tian Hongtao'**, Wang Miaoshu®*
(‘College of Food Science and Technology, Agricultural University of Hebei, Baoding 071000, Hebei
*National Engineering Research Center for Agriculture in Northern Mountainous Areas, Baoding 071000, Hebei
‘Hebei New Hope Tianxiang Dairy Industry, Baoding 071000, Hebet
“Hebei Technology Innovation Center of Probiotic Functional Dairy Product, Baoding 071000, Hebei)

Abstract Lactobacillus bulgaricus is the main strain of fermented dairy products, but it is often subjected to various
environmental stresses. For revealing the anti—stress protection mechanism, the Lactobacillus delbrueckii subsp. bulgaricus
ATCC 11842 was used to determine the sublethal and minimum lethal conditions of bacterial cells under different envi-
ronmental stresses (acid, salt, bile salt, oxygen, and cold). By comparing the survival rate of bacterial cells treated
with sublethal conditions of different environmental stresses, the cross protective effects of bacterial cells under multiple
stress environments were studied. According to the transcriptomics sequencing results of ATCC 11842 strain under acid
stress and acid—cold stress, 11 genes related to sugar metabolism, amino acid metabolism, transport system, molecular
chaperone, and stress were selected, and the RT-qPCR technology was used to analyze the expression changes of these
genes at the transcription level under different environmental stresses. The results show that: ATCC 11842 strain can sig-
nificantly improve the survival rate under the minimum lethal conditions after pretreatment with acid stress and oxygen
stress sublethal conditions (pH 4.8,40 min;15 mmol/. H,0,,1 h). Among the 11 genes that respond to acid stress in the
ATCC 11842 strain, 10 genes were found to also respond to other different environmental stresses. The expression of
LDB_RS02110, LDB-RS00810, LDB_RS04920, LDB_RS05285, LDB_RS00230, LDB_RS06340, LDB_RS05615, LDB-
RS01180, LDB_RS06995 and LDB_RS03130 were significantly up-regulated and down-regulated.

Keywords Lactobacillus delbrueckii subsp. bulgaricus; different environmental stresses; cross protection; transcription

level; gene expression analysis



