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Abstract: The acid accumulation caused by carbon metabolism seriously affects the metabolic
activity of microbial cells. In order to improve acid tolerance of cells, the acid tolerance of
recombinant strain was studied by overexpression of the thiamine transporter ThiT. Based on this,
comparative and recombinant strains were studied by comparative transcriptomics. We found that the
survival rate of recombinant strain was 2.4 times higher than that of the control strain after 3 h of
treatment with acid stress (pH 4.0). Transcriptomic analysis found that overexpression of the ThiT
transporter increases the ability of cells to transport carbohydrates, thereby providing more energy for
the cells against acid stress tolerance. In addition, significant upregulation of oligopeptides, betaine
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and other related transporters can help cells resist the damage of acid stress. The authors explored the

specific mechanism of ThiT transporter in Lactococcus lactis to increasee tolerance of cellular acid

stress. This study provided a theoretical basis for the application of ThiT protein in other industrial

microorganisms.

Keywords: ¢hiT overexpression, acid -stress tolerance , comparative transcriptomics analysis,

anti-acid components, Lactococcus lactis NZ9000
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Table 2 Primers used in this study

pNZ8148/thiT-F CATGCCATGGGGATGTCTAATTCTAAGTTCAATGTCC Nceo 1

pNZ8148/thiT-R GCTCTAGATTAGTAATTACTATGGATAAAAAGTTTAGG Xba'l PNZBL48/hiT
pNZ8148-F ATTATTGTCGATAACGCGAG W% PCR
pNZ8148-R AATTGCCATTTCAATTGAACG

TR R R I AT

122 Akweym 2 B2 G L5 Rl T 8 5
W LABRBL B 2% 0 R LB A GMILT 3537 3% (%
10 wg/mL T K ),30 CHE R I 2 ODgy 0.4 I
£, A 10 ng/mL 19 Nisin 5 8595 . &% 2 h Bt
B, Al 2 D) BB AR UM 2 ODeg 40 1 WG AR, LA
GM17 Y555 7 FIXT IR )i LA ODgy AL FR

B % B[] Ry A A e, 22 o) X R TR A R R L R R 1 A
Kk, BTN E 3 4 FAT, TR,
123 ®mpa T AEENZT RiE1224K%
ODgy 0.4 2247 B WM 10 ng/mL B9 Nisin i 5 55
F2(5h) 4 mL K T8 000 g 5.0 5 min 5 H
SRR A FEER UK (0.85 g/dL) Ve B0 2 W, A

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.39 Issue 9 2020



KB F . SLER SLER T AR F 4535 & G ThiT #2 3 52 & 5 b 64 Al

S5 PR B 30 8% 5% 2k (GM17,pH 4.0, % 10 pg/mL
B4 %5 A 10 ng/mL B9 Nisin)#E47 Wrid Zb 2R, 4353
I 30 A T) 6 I T SRR I, 0 TR A, T A B AR K 55
PRI Ak 5 60 T R 0 R T Ak B, SRS B 10
pL 23R T GM17 (g AT 1, F 30 C4&A1F
THiFE 24 h A, B AT WV T RO R AR
BT RWTH D7 127 Z i s 1 7 i,
1.2.4 RNA H & a3 KiF S8R Z0
(4 h) WEEDAMIET 8 000 g .0 5 min J&5 FH 1
A B9 50 mmol/L Y PBS (pH 7.4) B .0 PB4 2 R JF UK
TR A, A SE AR 1Y T 38 K5 57 (GM17,pH 4.0,
10 weg/mL Y5 FE ZE A 10 ng/mL ) Nisin ) 47 1
HEARFE SRE A BIME O h AT 2.5 h 5 B0 PR E IR
BT, AW A P RAE . fn R AT
WA, 4 RNAprep Pure Cell/Bacteria Kit 15 B
FHEHCE RNA, f# ] NanoDrop ND-2000 X £tk (1)
RNA A7 52 B IR R HORAF T80 “CokA

1.2.5 R4 F o4 RNA FF 5% 1L RE 50 i e
YA BR S R BEAT R SN Y o B S AL ) T A 1Y
BAE R raw data, Fi 5 X) raw data #5775 45 (QC) o
e, 2l g5 ) clean reads, 2R J5 F HISAT2!
¥ clean reads L XF RIS % p 5 b, X 58, il 48
1 reads 7E 2% 1751 F 173041 1 DU FIVBL 36 B2, LAt
I e xS 45 R A RE . Z )5 R A RSEMUSH 53 4k
IR 22 5 RIRFL K 1Y 53 7>k T DEGseq!™ iy
TR HEAT . WA AR 2 L B H
pValue <0.05 fY & PRI i 6y 1 35 2 S e GR BE Y ik
T Gene Ontology (GO) #1 Kyoto Encyclopedia of
Genes and Genomes (KEGG ) %44 % , 5k H phyper Xf
o300 22 S AL 54T GO TBE & 4R 70 BT Fl pathway 3
BeE 00, BtiJE X pValue #£47 FDR & 1E, H-LA
FDR<0.01 By S REVL 0 B35 s 4R

ELERUI

2.1 EAEKRBERMERED T

N T 25 0 3R ThiT Hedz 8 1 Xk FLIR 7L BR
AR, SR E T PR FLER B AR IE W AR K AR
PER BRI, A 2 (a) BT A0 AR 31 A2 Kl 2 mT
LAR 0 R I g B IR R 290 4 b, RIS P 2
715 14 T 2 BT PR RIRT I BRTPR 19 2R A DR AR A R A
X 50 30) T 2 TR R A TR e R R AT T R R b, L
AR R 2 BRI AR Y PREE pH SEASHHIR] X

ATRESE T Nisin %5 33597 5, HA R T
TR TR P R 1K 4 AR AR i A A i A —
7E B A T AE T S 20,

1.01
- —f——w—1%
0.8+ 74 —=— L. lactis(Vector)
/// —e L. lactis(ThiT)
. 06f /
£
3 H
04r /
0.2/
L

0024681012141618

t/h
(a) OD,,
7'().- —=— L. lactis(Vector)
6.8\ —e— L. lactis(ThiT)
6.6
6.4
jan}
S 6.2f
6.0F
5.8F B
5.6f e,
5.4

0o 2 4 6 8 10 12 14 16 18
t/h
(b) pH

2 L. lactis ®JEK TR
Fig. 2 Growth analysis of L. lactis

2.2 F Rk ThiT 25 L. lactis NZ9000 HE§ 8
it 52 {4

FTEAWRN ARG, L — L ERKT
Xof HE T A R o 2B A R A R I8 25 1 T B AT 3 T
R FLER AR R b B R 2R Y FLER 1Y
AW Me b pH o Bl 2 AN W7 T B AR nT R =
pH 4.5~5.0, 1M 7€ pH 4.0 (240 T, FLER FLER 3 1 17
T R T R PRI 98 Th I #% pH 4.0 1F Ry % 42
LR LK TR A5 22 0 S pHP

WA 3 PR, 40 pH 4.0 it 4 B 5 | 5 41 5
PR B A7 196 23R B S v 0T ECRR R, EL I T 3 R [ 1)
HEK | T 2 [A) (1 22 16 7% i 44 K, e e 2.5 h ),
PR3 22 )7 3% 238 22 R 8 B R K I i o 280 T A 1) A
TH X B MR 16.2 % 7EMMA 3 h 5 2 RIEZ
(] V%) 7 5 238 22 B AT BT 46 /0N | B 2 TR R 1 77 305 238 S 0
HE PR AR (1Y) 2.4 15, 38 A2 1E R0, & 3 8 ThiT
32 B 1 T I S v L R L BR AT I TR W 3 A2 1

LHSt A SR 2020 FE 395 % 9




RESEARCH ARTICLE

ZHU Zhengming,et al: Mechanism of Thiamine Transporter ThiT Improving

Acid Tolerance in Lactococcus lactis NZ9000

1009 .
She —m— L. lactis(Vector)
10 S e ~®— L. lactis(ThiT)
S - L
1k !
‘I\ \\
©
v 0.1+
tﬂé .
& 001t
w o\
0.001} \
.
1104 -
1x10° + . * . * !
0 0.5 1.0 1.5 20 25 3.0

t/h
3 EREME &4 TiE R ThiT 33 L. lactis NZ9000 75 &
E3:0b A1
Fig. 3 Effect of ThiT overexpression on the survival rates
of L. lactis NZ9000 during acid stress
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Fig. 4 Significant differentially expressed genes in the
recombinant strain relative to the parent strain at
pH 7.0 and pH 4.0
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transport Gene ID | Gene | Protein name
SN LLNZ_RS11205 | galP| MFS transporter
-1.59 -1.13 LLNZ_RS06735 | potA | spermidine/putrescine import ATP-binding protein PotA
=l —1.47 LLNZ_RS06675 | | magnesium~transporting ATPase
-1.41 -1.46 LLNZ_RS05045 | | ABC transporter ATP-binding protein
-1.57 -1.72 LLNZ_RS11570 | | arginine-ornithine antiporter
-1.74 -1.78 LLNZ_RS03830 | malF| sugar ABC transporter permease
-1.71 -1.85 LLNZ_RS04450 | | PTS ascorbate transporter subunit IIC
-1.66 -1.87 LLNZ_RS04440 | | PRD domain-containing protein
-1.93 -1.99 LLNZ_RS04075 | | sugar ABC transporter ATP-binding protein
-1.73 -2 LLNZ_RS04915 | | PTS sugar transporter subunit I1IC
-2.15 -1.7 LLNZ_RS07200 | | PTS beta-glucoside transporter subunit EIIBCA
247 -1.97 LLNZ_RS05585 | g/pF'2 | aquaporin family protein
-2.28 -2.13 LLNZ_RS02240 | ptcA| PTS lactose/cellobiose transporter subunit [1A
24 -2.19 LLNZ_RS05785 | mtsA | metal ABC transporter substrate-binding protein I 4
—261 —2.68 LLNZ_RsS03825 | malG| sugar ABC transporter permease -
—2.75 -2.76 LLNZ_RS01990 | /isP| amino acid permease - 2
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Fig. 7 Key genes of significant differentially expressed in the recombinant strain relative to the parent strain at pH 7.0 and

pH 4.0
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