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Preliminary study on the regulation of aerobic respiration by
two-component system of Lactococcuslactis

LI Zihanl, GE Yanyanl, GUO Yaohual, WANG Nanl, HE Hongpengl, LUO Xuegangl,
MA Wenjian', HAO Lizhuang 2, QI Wei''
1 College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China
2 Key Laboratory of Plateau Grazing Animal Nutrition and Feed Science of Qinghai Province, Qinghai Academy of
Science and Veterinary Medicine of Qinghai University, Xining 810016, Qinghai, China
Abstract: [Background] Lactococcus lactis is a representative strain in the food industry. The
molecular mechanism of L. lactis responding to environmental factors and the metabolic regulation
through the two-component system is of great importance to the fermented food and the probiotics
industries. [Objective] This study aimed to explore the effect of two-component system of L. lactis on
aerobic respiration metabolism, and was expected to supply a new direction for adaptive metabolism in
lactic acid bacteria. [Methods] The domainof sensor histidine kinases and response regulatory factor as
well as the function of the two-component system in L. lactis was systematically analyzed using
bioinformatics methods. The correlations between two-component system and aerobic respiration were
calculated and further verified by transcriptional expression and untargeted metabolomics. [Results] The
protein-protein interaction network of the representative L. lactis strain NZ9000 showed that the key
connection point between the two-component system and pyruvate metabolism in the network was
pyruvate-ferredoxin oxidoreductase (nifJ). At different growth stages, the transcriptional expression of
the two-componentsystem in L. lactis NZ9000 changed significantly in the lag period. Compared with
the anaerobic culture, the transcriptional expression of the two-component system in L. lactis NZ9000
cultivated under aerobic culture and aerobic respiratory culture was down-regulated. The
two-component system participated in oxidative stress and heme stress in lactic acid bacteria.
[Conclusion] To identify the two-component system and metabolic pathway of Lactococcus lactis
involved in aerobic respiration. It can improve the survival rate and competitiveness of starters and

probiotics.

Keywords:Lactococcus lactis; two-component system; aerobic respiration; adaptive mechanism
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Table 1 Primer sequences used in this study

Primer name  Sequence (5'—3") i Primer name Sequence (5'—3")

GAPDH-F CAACTTTCTTAGCACCATTAGCG i 59921-R TCATAAAATGCCTGTAAATAGCCT
GAPDH-R CAACGACTTGACAGATCCAGCA ! 60070-F AACAATGGCGAGTCCTAATCCT
59338-F ATTGAACGAAGCGTATGATT 60070-R TGACAATGGTCCTGGTTTAAGTG
59338-R TACTTGTCTACTTATCCTGTTGTTAC ! 60071-F ATTGTCCGTGTTTCTGCTGTATC
59339-F AGTCATCCCCACCAATACCT I 60071-R CTCATTCGTAGAAATCAAATGTATAATC
59339-R CATCAAAACATTTCACTTCCCT ! 60505-F AGCAACGGGCGTCCTCAG
59431-F ATTACCACGGCGATCTG i 60505-R CAATGATAAGGGCGATATTAGT
59431-R GGTGAGGACATTGTTAGGAC ! 60707-F CATTATCCCCTACATAGTCACG
59432-F CAAGCGGCGGACTGTAAC I 60707-R ATGTTTTCTCGGCAGCAG
59432-R TCGTATCAATGTCGCACCT i 60634-F TGGCATAAATAGTAGCCTGAG
59767-F AGATTCCAATGGTTTGTCTTAT ! 60634-R GGATTTGGTAATGGATAGACTT
59767-R ATCATAACCCCAAATCCG 60635-F TCTCAACAGTGGTTCCCG
59768-F TCGGGCGATGTGGGTCAT ! 60635-R GGTAAGAGTTTAGCAGAAGGC
59768-R TGCCGTTGTGGGCTCTGGT 60905-F CTACCGCTTCTCGCATTG

59920-F AACAAATCGTACCGTTCACCGC ! 60905-R TTGGCTTTGGCATTTACC
59920-R CGAGTGACAACATCCCCAACAT i 60906-F CTTGTCTTTCAGAATTTTGGGT
59921-F AGAGGTATTAGAACAAGCGGATG 60906-R TGCTGATGGATATCGGACTAC

2.6 BIRFITFESH TAZ IR XS, 3R A B A A A AR Y

i} SPSS Statistics 26 F154. f7 /R EAH X 2

K (Pearson correlation coefficient), | R iE5H
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Table 2 The number of two components and main domain of RRs in 27 Lactococcus lactis strains

Strains Two-component number The domain of RRs
HK-RR Hypird ~ Orphans HK  Orphans RR OmpR  NarL CheY

L. lactis subsp. cremoris A76 6 0 2 1 6 1 0
L. lactis subsp. cremoris GE214 8 0 1 2 8 1 1
L. lactis subsp. cremoris HP 5 0 1 3 6 1 1
L. lactis subsp. cremoris IBB477 7 0 1 2 8 1 0
L. lactis subsp. cremoris KW2 7 0 1 1 7 1 0
L. lactis subsp. cremoris NZ9000 7 0 1 2 7 1 1
L. lactis subsp. cremoris SK11 7 0 2 1 7 1 0
L. lactis subsp. cremoris TIFN1 5 0 2 3 7 1 0
L. lactis subsp. cremoris TIFN3 4 0 1 3 6 1 0
L. lactis subsp. cremoris TIFN5 3 0 2 4 7 0 0
L. lactis subsp. cremoris TIFN6 2 0 5 5 4 2 1
L. lactis subsp. cremoris TIFN7 2 0 2 4 5 1 0
L. lactis subsp. cremoris UC509.9 7 0 1 1 7 1 0
L. lactis subsp. lactis 1AA59 7 0 1 2 8 1 0
L. lactis subsp. lactis A12 7 0 1 1 7 1 0
L. lactis subsp. lactis bv. diacetylactisstr. 6 0 1 1 1 6 0
LD61

L. lactis subsp.lactis bv. diacetylactisstr. 6 0 1 1 6 1 0
TIFN2

L. lactis subsp.lactis bv. diacetylactisstr. 5 0 1 2 6 1 0
TIFN4

L. lactis subsp. lactis CNCM 1-1631 7 0 1 1 7 1 0
L. lactis subsp. lactis CV56 8 0 1 1 8 1 0
L. lactis subsp. lactis Dephy 1 8 0 1 1 8 1 0
L. lactis subsp. lactis 111403 6 0 3 4 9 1 0
L. lactis subsp.lactis IO-1 8 0 2 1 8 1 0
L. lactis subsp. lactisKF147 8 0 1 3 9 2 0
L. lactis subsp. lactis KLDS 4.0325 6 0 2 2 7 1 0
L. lactis subsp. lactisNCDO 2118 8 0 1 2 8 2 0
L. lactis subsp. tructae 5 0 2 2 6 1 0
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Figure 2 Diagram of two-component system. A: Domain analysis of two-component system; B: Histidine

kinase of L. lactis.
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Table 3 Function prediction of the two-component system in L. lactis

Function prediction of two-component system

L. lactisNZ9000 TCS

accession No.

TCS Sequence Source of functional The number of  Functional prediction
No. alignment  prediction bacteria occupied
1 ArISR Saphylococcus 26 Adhesion, autolysis, drug ADJ59921.1/ADJ59920.1
aureus resistance and virulence ADJ60505.1/ADJ60707.1
2 CiaHR Diplococcus 14 Stress tolerance, penicillin ADJ59768.1/ADJ59767.1
pneumoniae sensitivity
3 GraRS Saphylococcus 20 RNA and amino acid synthesis, ADJ60905.1/ADJ60906.1
aureus glycolysis
4 KdpDE Escherichia coli 6 Participate in the regulation of
kdp operon and environmental
osmotic stress
5 LiaSR Bacillus subtilis 19 Cell wall and antibiotic ADJ60635.1/ADJ60634.1
synthesis
6 NiskKR Sreptococcus lactis 5 Nisin biosynthesis ADJ59338.1/ADJ59339.1
7 PhoPR Bacillus subtilis 22 Participate in the regulation of ~ ADJ60070.1/ADJ60071.1
gene phoA and phoB and
phosphodiesterase
8 ResDE Bacillus subtilis 7 Regulation of aerobic and
anaerobic respiration
9 SrrAB Saphylococcus 2 Virulence, biofilm formation
aureus
10 VraSR Saphylococcus 7 Cell wall peptidoglycan
aureus biosynthesis
11 WalKR Saphylococcus 26 Cell wall, virulence, biofilm, ADJ59431.1/ADJ59432.1
aureus antioxidation
12 YcIKJ Bacillus subtilis 4 Anaerobic growth
13 YxdKJ Bacillus subtilis 12 LL-37 regulation of
antibacterial protein
14 YkoHG Bacillus subtilis 6 Unknown
15 YvrGH Bacillus subtilis 1 Participate in the regulation of

cell membrane and cell wall
synthesis
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Figure 3 Protein interaction network in L. lactis.
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Figure 4 Growth (A) and pH (B) of L. lactis
NZ9000 under different cultivation. AN: Anaerobic
culture; AE: Aecrobic culture; RS: Aerobic
respiration; L: Lag phase; E: Exponential phase; S:
Stationary period.
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Figure 5 Transcription of two-component system in L. lactis NZ9000.
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Figure 6 PCA plots of L. lactisNZ9000 under different culture.
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Figure 7 Correlation analysis of TCS transcription and

intracellular metabolome in L. lactis NZ9000.
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