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1.4
132 WonCract ODS-2 Cig
Bradford ( ) UV 206 nm A 0.1 mol/L KH,PO,
B A B=95 5 0.8 mL/min
1.3.3 H'-ATPase Jaichumjai ™ 10 uL 10000%g
10 min 0.22 pm
MRS 37 °C g/L
(8000xg 5 min) I mL 75 mmol/L
Tris-HC1 ( 10 mmol/L MgSO4 pH 70) 1.5 H+'ATP3.S€ PCR
60 uL (9 15.1 DNA
5 min DNA
1 mL 50 mmol/L  Tris-maleate 1%
( 10mmol/L MgSO, pH 6.0) 37°C
5 min 50 pL 0.1 mol/L  ATP
37°C 15 min 600 pL 0.1 mol/L 152 H-ATPase PCR
HCI GenBank
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1 mg H'-ATPase  atpA atpB atpC atpD atpE atpF atpG atpH
1 min ATP 1 umol 8 (D Primer Premier
5.0
1. H*-ATPase PCR
Table 1. PCR primers for amplifying different H -ATPase encoding genes
Gene name Forward primer Reverse primer
atpA ATGAGCATTAAATCTGAAGAAATCA CTACTTCGCAGCGGTTGGC
atpB GTGGGTGATCCAGTTCCTACAGTC TTATTCCTCGTCGTTAACCTTCTGA
atpC ATGGCTGACAATGCAAAATCAT TTAATGCCGAGCAACATTCAA
atpD ATGAGTACAGGTAAAGTTGTACAAGTTA CTAATCAGTTACCATCGATTTCG
atpE ATGGGAGCAATTGCTGCAGGT TTACTTGTTCATAACCATCAAAGCA
atpF ATGCTCTCGCATTTAATTATCGGT TCAAGACTCATGCTTTCCCAACC
atpG ATGGCAGAATCATTAATGGATGTC TTATTCTTGCGCAACCAAACC
atpH ATGAGTCTTGATAATCTTACAATTGC CTAATTGTTGATGAGTGCTCGTC
PCR ddH,0 22 uL 30s 72°C30s 35 72 °C 10 min
DNA 1uL 1 uL 1 ulL 1.5.3 PCR TA
Prime STAR Max Premix 25 pL ( )
PCR 98 °C2min 98°C 10s 55°C DNA

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



296

Xiang Zhang et al. | Acta Microbiologica Sinica, 2017, 57(2)
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2. gRT-PCR
Table 2. PCR primers used in JRT-PCR
Gene name Forward primer Reverse primer
atpA TCGACAACGCCTTACAAGGTGAATTA CAAAATCCCCTAAAACAACGATACCAA
atpB TATGAAGCCCAAGGGTGGACAAA TACTGCCCGACCTGAACGTGAAT
atpC ATGACGAAATTGCCGTTAATGGTG TTGGGCATTTTGAATCCGTGTTT
atpD ACTTTACGGGCCAACCTG CGGAATGCGTCTTCTGGT
atpE TCTAAGATGCTTGAAGGGATGGC CAACAACGAAGGAAATGATAGGC
atpF CAACAACGAAGGAAATGATAGGC AATGCCTGTTGGCCTTCC
atpG CGTAAAGCCAAGGATAGCCGGGTAGA GTTGACGACGAAGCATGTTCAGCAGT
atpH ATTGGCGGTGTAATTGTGAA TTGTTGATGAGTGCTCGTCTT
16S rRNA ACATCTCACGACACGAGCTG TGAGTGCTAAGTGTTGGAGG
UltraSYBR Mixture ( ) ( / y=2 © (3)
Real-time C, (cycle threshold value)
RT PCR 95°C 10min 95°C 15s 60 °C PCR
1 min (40 ) 95 °C 15 s 2 G
60°C1lmin 95°C15s
3 16S rRNA
_ Ct 2
Mm@ 3¢ M
C, :Ct( )'Ct ( 2.1 H*-ATPase
) @8 MRS
C = C - 5 MRS
C, (2) 37 °C 24 h OD¢so pH
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Figure 1. The growth curve, acid production ability, the concentration of lactic acid and H'-ATPase activity assay.
A: growth curve of wild-type stain ZUST (m) and mutants ZUST-1(e), ZUST-2(a), respectively. The acid production
ability of wild-type stain ZUST (@) and mutants ZUST-1(o), ZUST-2(a), respectively. The black and white symbols
represent ODggo and pH, respectively. B: the lactic acid concentration of wild-type stain ZUST and mutants ZUST-1,
ZUST-2 in exponential phase (m) and stationary phase (z), respectively. C: the H'-ATPase activity of wild-type
stain ZUST and mutants ZUST-1, ZUST-2, respectively. All the symbols represent means + standard deviation
(error bars) obtained from three independent experiments.
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Figure 2. Agarose gel electrophoresis of genomic
DNA.
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Figure 3. Agarose gel electrophoresis of PCR amplification for the target genes. A: PCR amplification for
H'-ATPase of wild-type strain ZUST. B: PCR amplification for H'-ATPase of mutant ZUST-1. C: PCR amplification
for H'-ATPase of mutant ZUST-2. Lane 1: atpA, 1515 bp; Lane 2: atpB, 714 bp; Lane 3: atpC, 429 bp; Lane 4: atpD,
1404 bp; Lane 5: atpE, 213 bp; Lane 6: atpF, 516 bp; Lane 7: atpG, 945 bp; Lane 8: atpH, 546 bp. M: DNA marker.
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4. PCR

Gel extraction of PCR products for the
target genes. A: gel extraction for H'-ATPase of
wild-type stain ZUST. B: gel extraction for H -ATPase
of mutant ZUST-1. C: gel extraction for H -ATPase of
mutant ZUST-2. Lane 1-8: atpA, atpB, atpC, atpD,
atpE, atpF, atpG and atpH, respectively.

Figure 4.

3.
Table 3. The results of the gene sequence similarity
Gene . Numbers of mutations
Sequence size
name ZUST-1 ZUST-2
atpA 1515 bp 22 22
atpB 714 bp 0 0
atpC 429 bp 0 6(2)
atpD 1404 bp 0 0
atpE 213 bp 0 0
atpF 516 bp 0 0
atpG 945 bp 0 0
atpH 546 bp 0 0
2.3 H*-ATPase
2.3.1 RNA
RNA ( 95
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RNA
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Figure 5. The gel electrophoresis of total RNA.
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6. H'™-ATPase H*-ATPase
Figure 6. The H'-ATPase structure and its gene expression. A: organization of the H'-ATPase in lactic acid
bacteria. B: the gene expression of wild-type strain ZUST and mutants ZUST-1, ZUST-2 in exponential phase and
stationary phase, respectively. The white, light gray and dark gray symbols represent wild-type strain ZUST,
mutants ZUST-1 and ZUST-2, respectively. The symbols with pure color and fill slash represent exponential phase
and stationary phase, respectively. The symbols represent means+standard deviation (error bars) obtained from
three independent experiments.
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Isolation, characterization and real-time RT-PCR for relative
quantification of gene expression in H'-ATPase-defective mutants
from Lactobacillus plantarum

Xiang Zhang', Hui Fang', Dongfang Xie', Yuecheng Lin', Yingyan Tao', Hongpeng
Wang', Jinyan Gong', Qing Ge', Guorong Pan', Jun Huang'~", Yuru You'*'

! Key Laboratory of Agricultural Products Chemical and Biological Processing Technology, Zhejiang University of Science and
Technology, Hangzhou 310023, Zhejiang Province, China

* Beingmate Baby & Child Food Co., Ltd., Hangzhou 310007, Zhejiang Province, China

* Hangzhou Allsheng Instruments Co., Ltd, Hangzhou 310030, Zhejiang Province, China

Abstract: [Objective] The aim of this study was to isolate Lactobacillus plantarum acid-sensitive mutants with
lower H'-ATPase activity, and to study the mechanism of H'-ATPase regulation in Lactobacillus plantarum.
[Methods] We used neomycin to isolate acid-sensitive mutants of L. plantarum, and measured H'-ATPase activity
and lactic acid production of wild-type and mutants. Genomic DNA was extracted from the wild-type ZUST and
two mutants (ZUST-1, ZUST-2), and used as PCR templates. H'-ATPase genes of the strain were amplified, and the
PCR products were sequenced. Sequence similarity of H'-ATPase was analyzed. Real-time RT-PCR was used to
evaluate the relative quantification of the H'-ATPase genes expression. [Results] The growth of the mutants was
characterized in MRS broth, which revealed that their cell biomass and acid production were lower than that of the
wild-type. H-ATPase activity of the mutants ZUST-1 and ZUST-2 was 10.1% and 28.8% lower than that of the
wild-type. Results showed that atpA gene of the mutants ZUST-1 and ZUST-2 existed 22 mutations by alignment of
the wild-type sequence, and atpC gene of ZUST-2 existed 6 mutations. Mutants ZUST-1 and ZUST-2 atpA gene
expression were 41.1% and 35.7% lower than that of the wild-type in exponential phase, 43.6% and 14.2% in
stationary phase, respectively. The atpC gene expression of ZUST-1 was similar to that of the wild-type in
exponential phase, and was 30% higher than that of the wild-type in stationary phase, and ZUST-2 atpC gene was
not expressed. [Conclusion] The mutants with lower H'-ATPase activity were found to up-regulate the expression
of H'-ATPase genes in stationary phase, except ZUST-2 atpC gene was not expressed. H'-ATPase activity has an
important connection with the difference in gene expression of atpA and atpC. The results of this study will pave

the way for gaining further insights into the mechanism of the H'-ATPase-defective mutants.

Keywords: Lactobacillus plantarum, H'-ATPase, mutant, real-time RT-PCR
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