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Table 1 Results of genome structure prediction

of L. acidophilus CICC 6074

EAH tid X /bp i
) Y1 /%
tRNA 61 4618 0.23
16S rRNA 4 6251 0.31
23S rRNA 4 11624 0.58
5S rRNA 4 468 0.02
CDS 1 864 1765743 88.64
CRISPR 1 1980 0.1
Genomic island 0 0 0

*2 EFARBEADEERSITE
Table 2 Statistical table of functional annotation of CDS
& &R R G

e &y EaEBRXE
Y /%

COG 1463 78.49
KEGG 1000 53.65
GO 1154 61.91
Refseq 1 855 99.52
Pfam 1573 84.39
TIGRFAMs 617 33.1
all databases 492 26.39
at least one database 1 855 99.52
Overall 1864 100
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Fig.2 Genome circle map of L. acidophilus CICC 6074
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292 hoE

[
[215)

i

2023 455 9 H

FRATAY G5 2 v R A0 T i R LT TR A e S 4
iz A R B Z . fE Fu %P BFsE
i, SRR AR Bk Ak A AR R AR A
iz | P RE NN AT T i T A R AL X i A B
GG A g ke b HLA B T Conde 25 P2
R T ORE G W] B TE = AR P R Az B Y, 1)
B B A 43 & BLAE e POl 26 B 2L 1R R P R A 38
HAOR

3 #Hig

FRFLFFE CICC 6074 (3£ 41 K 1992 024
bp, J&— % X4k FOR DNA 4> F ,GC &&= N
34.71% , MILTm ok 1864 ML, 5E 4Kk #
(1% W T LA TRT 100 5 R AL AR DL e s, it A% {8 3
AR, e R R R A 2% 1R v R LT
(G S S A =R T — 2 250, ik
PR, A T X i ek Pl 30 B 0 R LT A ) 4 B T BB
(ENCIEA IR, Sra AN AT o N =3
FE 5 Yk A0 B, B R LT TR T RE L R A
LT 19 A%, 58 R0 B0 135 8 4 ok R DA 44 T 400 e X IR 5% 1
T8RP 5 T v T 0 B DU 3 5 e e e i
AR R i G i Ol 4 T A A g

i Ilrl?l'

Z % x #

[11 BOLAN S, SESHADRI B, GRAINGE I, et al. Gut
microbes modulate bioaccessibility of lead in soil[]].
Chemosphere, 2021, 270: 128657.

[2] RANADHEERA R, BAINES S, ADAMS M. Impor-
tance of food in probiotic efficacy[J]. Food Research
International, 2010, 43(1). 1-7.

[31 CHAMPAGNE C P, GARDNER N J, ROY D.
Challenges in the addition of probiotic cultures to
foods[J]. Crit Rev Food Sci Nutr, 2005, 45(1):
61-84.

[4] TRIPATHI M K, GIRI S K. Probiotic functional
foods: Survival of probiotics during processing and
storage[J]. J Funct Foods, 2014, 9. 225-241.

[5] FAREEZ I M, LIM S M, ZULKEFLI N A A, et
al. Cellulose derivatives enhanced stability of algi-
nate-based beads loaded with Lactobacillus plan-
tarum LAB12 against low pH, high temperature and

prolonged storage [J]. Probiotics and Antimicrobial

(6]

(7]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Proteins, 2018, 10(3): 543-557.
CHEN C, ZHAO S, HAO G, et al. Role of lactic
acid bacteria on the yogurt flavour: A review[]]. In-
ternational Journal of Food Properties, 2017, 20
(supl): S316-S330.

GE X Y, YUAN J, QIN H, et al. Improvement of
L-lactic acid production by osmotic—tolerant mutant
of Lactobacillus casei at high temperature[J]. Appl
Microbiol Biotechnol, 2011, 89(1). 73-78.
MACORI G, COTTER P D. Novel insights into the
microbiology of fermented dairy foods[J]. Curr Opin
Biotechnol, 2018, 49. 172-178.

HOSSEINI NEZHAD M, HUSSAIN M A, BRITZ M
L. Stress responses in probiotic Lactobacillus caseil]].
Crit Rev Food Sci Nutr, 2015, 55(6):. 740-749.
PIURT M, SANCHEZ - RIVAS C, RUZAL S M.
Cell wall modifications during osmotic stress in Lac-
tobacillus caseil]]. J Appl Microbiol, 2005, 98(1):
84-95.

BUSTOS P, BORQUEZ R. Influence of osmotic
stress and encapsulating materials on the stability of
plantarum  after

autochthonous Lactobacillus

spray
drying[J]. Drying Technology, 2013, 31(1): 57-66.
MIRANDA P M, DE PALMA G, SERKIS V, et al.
High salt diet exacerbates colitis in mice by de-
creasing Lactobacillus levels and butyrate production
[J]. Microbiome, 2018, 6(1): 1-17.

MULLER D N, WILCK N, HAASE S, et al. Sodi-
um in the microenvironment regulates immune re-
sponses and tissue homeostasis [J]. Nature Reviews
Immunology, 2019, 19(4):. 243-254.

DONG 7, LIU Y, PAN H,
high —salt gastric intake on the composition of the

Medical Sci-

et al. The effects of

intestinal microbiota in Wistar rats[J].
International Medical Journal of Ex-

2020, 26:

ence Monitor:

perimental and  Clinical ~Research,
€922160.

WILCK N, MATUS M G, KEARNEY S M, et al.
Salt-responsive gut commensal modulates TH 17 ax-
is and disease[J]. Nature, 2017, 551(7682). 585-
589.

LACROIX C, YILDIRIM S. Fermentation technolo-
gies for the production of probiotics with high via-
bility and functionality [J].
2007, 18(2): 176-183.

KILSTRUP M, JACOBSEN S, HAMMER K, et al.

Curr  Opin Biotechnol,



236 HoM

PR SLAT T CICC 6074 AR W 4112 B A0 58 5 2 8 T 89 4 20 5 547

293

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Abstract

Induction of heat shock proteins DnaK, GroEL, and
GroES by salt stress in Lactococcus lactis[J]. Appl
Environ Microbiol, 1997, 63(5): 1826-1837.
WICK R R, JUDD L M, GORRIE C L, et al. U-
nicycler: resolving bacterial genome assemblies from
short and long sequencing reads|[J]. PLoS Comput
Biol, 2017, 13(6): e1005595.

JONES P, BINNS D, CHANG H Y, et al. Inter-
ProScan 5: genome-scale protein function classifica-
tion[J]. Bioinformatics, 2014, 30(9). 1236-1240.
LANGDON W B. Performance of genetic program-
ming optimised Bowtie2 on genome comparison and
analytic testing (GCAT) benchmarks [J]. BioData
Min, 2015, 8(1): 1-7.

LOVE M I, HUBER W, ANDERS S. Moderated
estimation of fold change and dispersion for RNA -
seq data with DESeq2[J]. Genome Biology, 2014,
15(12): 1-21.

KLOPFENSTEIN D, ZHANG L, PEDERSEN B S,
et al. GOATOOLS: A python library for gene ontol-
ogy analyses[J]. Sci Rep, 2018, 8(1): 1-17.

XIE C, MAO X, HUANG J, et al. KOBAS 2.0: a
web server for annotation and identification of en-
riched pathways and diseases[J]. Nucleic Acids Res,
2011, 39(suppl_2): W316-W322.

ZHANG C, GUI Y, CHEN X, et al. Transcription-
al homogenization of Lactobacillus rhamnosus hsryfm
1301 under heat stress and oxidative stress[J]. Appl
Microbiol Biotechnol, 2020, 104(6): 2611-2621.
ZHAO L, ZHAO P, SHANG J, et al. Transcrip-
tome analysis of the molecular mechanism of bacte-
riocin synthesis in Lactobacillus plantarum KLDSI.

0391 under nanoparticle NaCl stress|[J]. J Biomed

26]

[27]

(28]

[29]

[30]

[31]

[32]

Nanotechnol, 2021, 17(3). 369-381.

A&, S, 27, & a1 700 A AT ot R
[J]. &f Tk, 2016, 37(2): 255-260.

DENG C, YI Y, LI P, et al. Research advance of
a—galactosidase[J]. Sci Technol Food Ind, 2016, 37
(2): 255-260.

EIDAE, XE, VLIRS, GUEY o2 FUAE T EE Y
FE R[], WA AR, 2017, 37(3): 9.

YAN Q J, LIU Y, JIANG Z Q. Advances in mi-
crobial « —galactosidase [J]. J Microbiol, 2017, 37
(3): o.

LOPEZ -BUCIO J, NIETO -JACOBO M F,
RAMIREZ -RODRIGUEZ V, et

metabolism in plants: from adaptive physiology to

al. Organic acid
transgenic varieties for cultivation in extreme soils[J].
Plant Sei, 2000, 160(1): 1-13.

DUNCAN R F, HERSHEY J. Protein synthesis and
protein phosphorylation during heat stress, recovery,
and adaptation[J]. The Journal of Cell Biology, 1989,
109(4): 1467-1481.

SERRANO R, MULET J M, RIOS G,

glimpse of the mechanisms of ion homeostasis during

et al. A

salt stress[J]. Journal of Experimental Botany, 1999,
50: 1023-1036.

FU X, WANG D, YIN X, et al. Time course tran-
scriptome changes in Shewanella algae in response
to salt stress[J]. PLoS One, 2014, 9(5): €96001.
CONDE A, REGALADO A, RODRIGUES D, et al.
Polyols in grape berry: transport and metabolic ad-
justments as a physiological strategy for water—deficit
stress tolerance in grapevine[J]. Journal of Experi-

mental Botany, 2015, 66(3): 889-906.

Whole Genome Information of Lactobacillus acidophilus CICC 6074 and the Transcriptomic

Analysis of the Response to High Temperature and Salt Stress

Li Xiefei'?, Shi Zihang'?,

Zeng Xiaoqun'?,

Cao Ying'?,

Tu Maolin'?,

Wu Zhen'?, Cai Zhendong'?,

1,2%

Pan Daodong

("State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro—Products,
Ningbo University, Ningbo 315211, Zhejiang;
*Key Laboratory of Animal Protein Food Processing Technology of Zhejiang Province, School of Food and
Pharmaceutical Sciences, Ningbo Unwversity, Ningbo 315211, Zhejiang)

Transcriptome analysis of probiotic bacteria under heat and salt stress conditions can reveal the physiological



294 oE B A R 2023 4E45 9 1

response of bacterial cells and related mechanisms in similar environments. The whole—genome map of Lactobacillus aci
dophilus CICC 6074 was determined and assembled by triple sequencing and bioinformatics analysis. Total RNA was ex-
tracted from Lactobacillus acidophilus cells after tolerance to high temperature and high salt conditions and RNA se-
quencing was performed on the Illumina HiSeqxTEN PE150 platform. The and transcriptomic analysis methods were used
to analyze gene expression differences. The results showed that the genome of Lactobacillus acidophilus CICC 6074 was a
1 992 024 bp double—stranded circular DNA molecule without plasmid sequences, with a GC content of 34.71%, and a
total of 1 864 genes were predicted. In the high—temperature stress group, a total of 513 significant differences were de-
tected, with 305 significantly up-regulated and 208 significantly down-regulated; in the high salt stress group, a total of
161 significant differences were detected, with 81 significantly up-regulated and 80 significantly down-regulated. The re-
sults of functional enrichment analysis indicated that Lactobacillus acidophilus might enhance the adaptation of cells to
the environment mainly by enhancing the metabolism of organic acids and transcriptional—translational regulatory processes
during high—temperature stress, while enhancing the survival ability mainly by enhancing the metabolism of sugar alcohols
and enhancing transmembrane transport during high salt stress.

Keywords Lactobacillus acidophilus CICC 6074; third generation sequencing technology; whole genome; high—tempera-

ture stress; high salt stress; transcriptomic



