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Abstract: [Objective] To explore the functional differences of different acetic acid bacteria in
the vinegar pei of Zhenjiang aromatic vinegar via comparative genomics. [Methods] The
taxonomic status of acetic acid bacteria were identified by culture-dependent technology and
16S rRNA gene full-length sequencing. The growth and metabolism of different acetic acid
bacteria were compared by comparative genomic analysis combined with fermentation
performance tests. [Results] Acetobacter pasteurianus and Komagataeibacter europaeus were
the main acetic acid bacteria in the vinegar pei of Zhenjiang aromatic vinegar. K. europaeus
had higher GC content and larger genome than A. pasteurianus. Functional annotation showed
that the number and types of the genes involved in carbohydrate and amino acid metabolism
varied greatly between A. pasteurianus and K. europaeus, and the number of
carbohydrate-active enzymes was higer in K. europaeus. The functionally differential genes in
K. europaeus compared with A. pasteurianus were mainly involved in the pentose phosphate
pathway, fatty acid biosynthesis, and fructose and mannose metabolism. The verification
experiment showed that K. europaeus increased the conversion rate of alcohol by producing
more alcohol dehydrogenase, acetaldehyde dehydrogenase, and ATP and changing the fatty
acid composition of the cell membrane. [Conclusion] This study revealed the genetic
differences between A. pasteurianus and K. europaeus in vinegar pei. K. europaeus can
improve the intracellular microenvironment to adapt to the high acid environment by massively
producing energy and the enzymes involved in ethanol conversion and changing the
composition of fatty acids in cell membrane. The results of this study can deepen the
understanding of the acid tolerance mechanisms of different acetic acid bacteria.
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Figure 1 Phylogenetic tree of acetic acid bacteria. A: 16S rRNA gene. B: Single-copy core genes. Bootstrap
values indicated at each node are based on a total of 1 000 bootstrap replicates. Scale bar indicated in
substitutions per nucleic acid position. Group 1 and 2 indicated 35 strains of 4. pasteurianus and 82 strains of

K. europaeus, respectively.
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Table 1 Genomic features of all the genomes studied in this study

Feature Genome  G+C Scaffolds Genes Sources Completeness  NCBI assembly accession
Size (bp) content (%)
(7o)
A. pasteurianus LMG 2 982393 53.11 141 2914 - 100 GCA_000285275.1
1262"
A. pasteurianus 386B 3 078 647 52.86 8 2942 Spontaneous cocoa 100 GCA_000723785.1
bean heap
A. pasteurianus 3P3 3014186 5234 101 2952 Submerged wine 99.50 GCA_000285315.1
vinegar
A. pasteurianus Ab3 2 806 148 53.28 1 2746 Zhejiang rosy 99.50 GCA_001183745.1
vinegar
A. pasteurianus AD 2825772 5274 133 2703 Whole fly 99.50 GCA 001953595.1
A. pasteurianus BCRC 3 041 722 52.56 187 3479 - 98.71 GCA_003332175.1
14118
A. pasteurianus BCRC 2990778 53.10 220 2090 - 95.58 GCA 003332155.1
14145
A. pasteurianus CICC 3 056 995 52.01 3 2 852 Vinegar 95.97 GCA _009914215.1
22518
A. pasteurianus DM 3127455 52.85 1 3101 - 100 GCA_002220195.1
A. pasteurianus IFO 2888200 53.10 306 2 820 Rice vinegar 100 GCA_000241625.2
3191
A. pasteurianus IFO 3340249 53.10 7 3122 Rice vinegar 100 GCA_000010825.1
3283-01
A. pasteurianus IFO 3247995 53.14 7 3050 Rice vinegar 100 GCA_000010945.1
3283-01-42C
A. pasteurianus IFO 3339669 53.10 7 3120 Rice vinegar 100 GCA_000010845.1
3283-03
A. pasteurianus IFO 3338426 53.10 7 3119 Rice vinegar 100 GCA_000010865.1
3283-07
A. pasteurianus IFO 3336990 53.10 7 3 118 Rice vinegar 100 GCA _000010965.1
3283-12
A. pasteurianus IFO 3339649 53.10 7 3120 Rice vinegar 100 GCA _000010885.1
3283-22
A.  pasteurianus IFO3 339 683 53.10 7 3120 Rice vinegar 100 GCA_000010905.1
3283-26
A. pasteurianus IFO 3337040 53.10 7 3118 Rice vinegar 100 GCA_000010925.1
3283-32
A. pasteurianus NBRC 3 100990 52.75 5 2958 Vinegar 100 GCA_000241585.3
101655
A. pasteurianus NBRC 3 025942 53.14 194 3065 — 100 GCA_003850805.1
106471
A. pasteurianus NBRC 3590 132 5198 212 3596 - 99.50 GCA_003850825.1
3188
A. pasteurianus NBRC 2954 825 5324 171 2946 - 100 GCA_003850845.1
3222
A. pasteurianus NBRC 3 686 904 52.26 337 3902 - 100 GCA_003850865.1
3277
A. pasteurianus NBRC 3765983 52.10 361 3976 - 100 GCA_003850885.1
3278
A. pasteurianus NBRC 3 085982 52.79 191 3069 — 100 GCA_003850905.1
3279
(P L)

<l actamicro@im.ac.cn, & 010-64807516
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(&R 1)
Feature Genome  G+C Scaffolds Genes Sources Completeness ~ NCBI assembly accession
Size (bp) content (%)
(%)
A. pasteurianus NBRC 3 645775 52.16 305 3798 — 100 GCA _003850925.1
3280
A. pasteurianus NBRC 3 095301 52.79 213 3158 — 100 GCA_003850945.1
3284
A. pasteurianus NBRC 3 011 664 52.54 111 2940 — 99.50 GCA _003850965.1
3299
A. pasteurianus SRCM 3 209 998 52.85 184 3263 Makgeolli 100 GCA 001662905.1
100623
A. pasteurianus SRCM 3287976 52.87 6 3309 Food 99.50 GCA _002173735.1
101342
A. pasteurianus SRCM 3 408 817 53.31 4 3447 Food 100 GCA _002202135.1
101468
K. europaeus LMG 4227398 61.26 321 4327 Red wine 99.50 GCA_000285295.1
188907
K. europaeus 5P3 3989313 61.49 256 4008 Red wine 99.50 GCA_000285335.1
K. europaeus CECT 4111 638 61.31 113 3994 Red wine 100 GCA _001273645.1
8546
K. europaeus GH1 3809040 61.50 105 3352 Kombucha tea 99.50 GCA 014121165.1
K. europaeus LMG 3991281 61.24 216 3958 Red wine 99.46 GCA _000227545.1
18494
K. europaeus NBRC 3631393 61.50 596 3752 Myrica rubra 99.00 GCA _000964485.1
3261
K. europaeus SRCM 3797909 61.70 4 3484 Food 100 GCA _002173515.1
101446

(1 3A), BT S EIEE. BHAS AR
Y& () . B IR iz AU (B) AT RE 2 4 7 Fl
i OMXENEERZ, S8 MZOHNH
1 29.59%, FIHXLEILHNTE A. pasteurianus
X ORSF o S IEFMALL, 4. pasteurianus
1Y B 2 PR RN B AR e S B R R A o L A RS
(LI el K, 3510 15.31%F1 24.81%;
HWR T RN TCHLE Tz AR (P) . (O
£ L R /24 6L/ P A R A 0 6 (M) (I 3B),

A, K. europaeus ¥ 03 B 5 AR T BEAH ¢
MEENBER R, RO 44.61%,
I A. pasteurianus #% 0% B F ARG D) e 2 B
BEWZ T 90.57%. ML A. pasteurianus,

K. europaeus 1%:U>5& K 515 BAE A A Ab R J2
2 i 3k R AE SR G B 2 PR SRR i 3G T
58.99%FM 73.21%, K. europaeus W[} & & K il
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different strains. B: Function classification. C: Mann-Whitney U test. D: PCA analysis. E-H: Differential

distribution of AAs, CEs, GHs and GTs families. * indicates P<0.05, ** indicates P<0.01, *** indicates
P<0.001 for comparison with the number of carbohydrate active enzymes for 4. pasteurianus and K.

europaeus. Error bars indicated standard deviation.
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