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Methods  1 

Determination of acid tolerance of L. d. bulgaricus 2 

The activated L. d. bulgaricus was inoculated into 30 mL of fresh sterile MRS liquid medium (pH: 3 

6.2~6.6) in 2% inoculation, and cultured at 42 ℃ for 20 h at constant temperature. Then take out 4 

culture broth and shake evenly. The 30 mL culture broth was equally divided into three portions of 10 5 

mL each. The culture broth was centrifuged at 12000 r/min for 5 min at 4 ℃. The centrifuged bacteria 6 

were inoculated into fresh sterile MRS liquid medium with pH=2.5, pH=3.0 and pH=6.0 (adjusting pH 7 

with lactic acid), incubated for 3 h. Take out culture broth and shake evenly. The culture broth was 8 

centrifuged at 12000 r/min for 5 min at 4 ℃ again. Add 1 mL of 0.85% physiological saline to the 9 

centrifuged bacteria, shake evenly, and dilute to 10-1, 10-2, ... 10-6 gradiently. Finally, 100 μL of the 10 

bacterial solution was applied to the cooled sterile MRS agar medium, incubated at 42 ℃ for 48 h. 11 

Then count the number of colonies. The acid tolerance of L. d. bulgaricus was judged by the number of 12 

colonies on the plate.  13 

Extraction and sequencing of genomic DNA 14 

Bacterial genomic DNA was extracted according to the bacterial genome extraction kit produced 15 

by Tiangen Biochemical Technology (Beijing) Co., Ltd. After the extraction, detect DNA concentration 16 

and purity. The DNA extraction concentration is detected by an accounting detector. If there is no 17 

degradation, OD260/280=1.8-2.0, the total amount of DNA is not less than 10 μg. 18 
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LJJ gene function annotation 19 

The L. d. bulgaricus LJJ gene was annotated with the GO, KEGG and COG databases using the 20 

native BLASTP method. The protein sequences of the predicted genes were blastp-aligned with the Nr, 21 

genes, strings, and COG databases, respectively (BLAST 2.2.28+), thereby performing COG functional 22 

classification on the obtained predicted gene annotation information. Based on the GO, COG 23 

annotation results, we further analyzed the metabolic pathway classification of LJJ. 24 

Comparative analysis of homology between L. d. bulgaricus LJJ and 25 

ATCC11842 genes 26 

In this study, ORTHOMCL v1.4 software was used to perform homologous cluster analysis on L. 27 

d. bulgaricus LJJ and model strain ATCC11842. The parameters were set: homology was greater than 28 

60%, length coverage was greater than 80%, and E value was set to 1e-5, thereby obtaining the 29 

clustering distribution of homologous genes, and using R language for mapping. 30 

Collinear analysis of L. d. bulgaricus LJJ and ATCC11842 genomes 31 

Gene collinearity analysis was performed on the genomes of L. d. bulgaricus LJJ and ATCC11842 32 

using Mauve software. Genome collinearity analysis is an important means of comparing genomes and 33 

can directly reflect the similarity between genomes. Mauve software excels at comparing the causes of 34 

differences between genomes. The unique genes of LJJ and ATCC11842 were screened separately. 35 
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Comparative Gene Ontology(GO) annotations of unique genes in L. d. 36 

bulgaricus LJJ and ATCC11842 37 

GO annotation analysis was performed on the unique genes of L. d. bulgaricus LJJ and 38 

ATCC11842 using blast2go online database, and the annotation results of the two were compared. 39 

Cluster of Orthologus groups (COG) Comparative analysis of the 40 

unique genes in L. d. bulgaricus LJJ and ATCC11842 41 

By performing blastp (BLAST 2.2.28+) with the string database, the COG annotation results 42 

corresponding to the gene can be obtained, and the protein is functionally classified according to the 43 

COG annotation result. The version of the string database used is v9.05. 44 

Primer design of acid-tolerant genes 45 

According to a large number of relevant research, related genes involved in acid tolerance have 46 

been reported as follows: (1) related enzyme genes in the glycolytic pathway; pyruvate 47 

metabolism-related enzyme genes; (2) F1F0-ATPase gene cluster; (3) genes involved in nuclear acid 48 

metabolism; (4) related genes involved in intracellular protein translation; (5) related protein genes 49 

involved in stress response; (6) related protein genes involved in ion transport; (7) related genes 50 

involved in the synthesis of basic amino acid metabolism; (8) related enzyme genes involved in cell 51 

membrane biosynthesis. Primers were designed for genes argH, asnB, proB, luxS, agrC, etc., and 52 

primers were synthesized by Beijing Genomics Institute Co. Ltd. 53 
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PCR amplification of acid-tolerant genes 54 

The acid-tolerant genes were amplified by PCR, the whole genome of L. d. bulgaricus were used 55 

as amplification templates. The PCR reaction system is shown in Table S1: 56 

Table S1   PCR reaction system 57 

Component Volume 

Template 1 μL 

dNTP Mixture(2.5mM): 4 μL 

10× Long TaqBufferⅠ 5 μL 

forward primer  1 μL 

reverse primer  1 μL 

Polymerase (5 U/μl) 1 μL 

ddH2O 37 μL 

PCR reaction conditions: 58 

94 ℃ 3 min (pre-denaturation) 59 

94 ℃ 30 sec (denaturation) 60 

55 ℃ 30 sec (annealing) 61 

72 ℃ 8 min (extension) 62 

After the reaction was completed, 5 μL of the PCR reaction product was taken and detected by 63 

1% agarose gel electrophoresis to detect the difference between the weak acid-tolerant and strong 64 

acid-tolerant strain genes, and the amplified samples were sequenced.     65 

30 cycles 


