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Comparative genomics-based analysis of Lactobacillus
acetotolerans G10, a strain using multiple carbon sources

LIN Lin, DU Rubing, WU Qun*, XU Yan

Laboratory of Brewing Microbiology and Applied Enzymology, Key Laboratory of Industrial Biotechnology, Ministry
of Education; School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] Lactobacillus acetotolerans is the dominant lactic acid bacteria species and
plays an important role in Chinese liquor fermentation. L. acetotoleran G10, which was isolated from
the fermented grains of sesame-flavor liquor, utilizes multiple carbon sources. [Objective] To analyze
the mechanism for the multiple carbon source utilization of G10 based on whole genome sequencing.
[Methods] The whole genome of G10 was sequenced by Oxford Nanopore Technologies, a
third-generation platform for the sequencing of native DNA strands. Circlator was employed to
circularize genome assemblies and Prodigal to predict genes and annotate protein-coding genes.
bacterial pan genome analysis tool (BPGA) was used for pan-genome analysis. [Results] G10 was able
to utilize 22 sugars and their derivatives. The genome size of G10 was 1 627 828 bp with 1 8§78 coding
genes. G10 contained 292 genes related to carbohydrate metabolism, as annotated by Koyto
Encyclopedia of Genes and Genomes (KEGG) annotation, and 44 genes related to Carbohydrate-Active
EnZymes (CAZy) according to the CAZy annotation. Compared with other L. acetotolerans from food
fermentations, G10 had the smallest genome with the highest numbers of total genes and genes related to
starch and sucrose metabolism, and contained 426 unique genes. Compared with Lactiplantibacillus
plantarum subsp. plantarum ATCC 14917", Limosilactobacillus fermentum ATCC 14931,
Lacticaseibacillus casei ATCC 393", Levilactobacillus brevis ATCC 14869" and Lentilactobacillus
buchneri ATCC 4005" from food fermentations. The genome of G10 was the smallest. The number of
genes related to carbohydrate metabolism accounted for the highest proportion of total genes in G10. It
had unique genes such as g/vA, malP and g/vC. [Conclusion] G10 can use a variety of carbon sources
and adapt to various fermentation environments. The analysis of genomic information lays a genetic

basis for further illustration of the fermentation performance of L. acetotolerans.

Keywords: Lactobacillus acetotolerans; carbon source metabolism; whole genome sequencing;
comparative genomics-based analysis
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1 L. acetotolerans G10 S5E b L. acetotolerans B % E E HFIELL 5L
Table 1 The genomic characteristics of the L. acetotolerans G10 genome and comparison with other L.
acetotolerans

Strains GenBank accession No. Genome size (bp) GC content (%) Gene number
L. acetotolerans G10 DRAO013252 1627 828 36.8 1878
L. acetotolerans NBRC 13120 AP014808.1 1704 859 36.7 1 694
L. acetotolerans LAT749 CP044496.1 1683 905 36.5 1643
L. acetotolerans CN247 CP046528.1 1677 515 36.9 1628
L. acetotolerans 1.J49 CP051649.1 1 683 950 36.6 1639

441 DR RGBS, L. acetotolerans (178, 12.4%). &5 HALHG10, 21.6%)FIL
G10 HFEFBMINEERE A 7E RS E 3887, 61.7%). TEACITIREAH CIL Hhak K1k
W, RN AE K (62, 4.3%). HEEEEAM  SYREAHSC I RE R N BUR I 2 (R 1E 292 M3
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Figure 3

KEGG (A) and CAZy (B) functional classification map of L. acetotolerans G10. CBM:

Carbohydrate-binding module; CE: Carbohydrate esterase; GH: Glycoside hydrolase; GT: Glycosyltransferase.
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Starch and sucrose metabolism
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Figure 4 Prediction of carbohydrate metabolism pathway in L. acetotolerans G10.
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3R 2 H¥K L. acetotolerans FHKH) CAZy THEEEFE
Table 2 CAZy functional classification map of 5 L.
acetotolerans strains

Gene number
CBM CE GH GT

Strains

L. acetotolerans G10 4 1 26 13
L. acetotolerans NBRC 13120 1 2 22 19
L. acetotolerans LAT49 1 2 23 20
L. acetotolerans CN247 1 1 20 15
L. acetotolerans 1.J49 0 1 20 17

I+ L. acetotolerans G10 4 31 FhFEH , W& T HAth
4 BREE  [FIE, L. acetotolerans G10 L L. acetotolerans
LA749 . L. acetotolerans CN247 Fl L. acetotolerans
LJ49 HA B Z3Em AR CAHOC IR, Xk

AH L. acetotolerans G10 FERIE A FH 77 1w HA B
RIGHE

AR KBRS L. acetotolerans #
MR 2S5, R BPGA Xf 5 ¥k L. acetotolerans
()4 B DR AH 7 81 304 T HE A o A o LA IR e 47 A
LEE KT 50% Fhnife, G581 913 M3
PRIz BER AR, H A0 1 188 AN(E] 5),
S HA 4 BREM L, L. acetotolerans G10 %4
426 DA BE . BETAZO SRR ARG R ) R
BEBMIE 5, 58 L. acetotolerans FE43 "~
29X, L. acetotolerans G10 5 L. acetotolerans
CN247 JAL IS fieilt o

3 3 ¥k L. acetotolerans BIFRK L EVRBHER R EHXERTHZ

Table 3 Carbohydrate metabolism pathways and gene number of 5 L. acetotolerans strains

KO No. Pathway name G10 NBRC 13120 LA749 CN247 LJ49
00010 Glycolysis/Gluconeogenesis 31 23 26 23 25
00020 Citrate cycle (TCA cycle) 2 2 2 2 3
00030 Pentose phosphate pathway 16 17 17 15 15
00040 Pentose and glucuronate interconversions 3 4 4 3 3
00051 Fructose and mannose metabolism 18 20 23 13 24
00052 Galactose metabolism 10 12 14 9 7
00500 Starch and sucrose metabolism 31 31 25 24 19
00520 Amino sugar and nucleotide sugar metabolism 26 19 18 19 20
00620 Pyruvate metabolism 26 23 21 22 24
00630 Glyoxylate and dicarboxylate metabolism 5 5 5 5 5
00640 Propanoate metabolism 11 13 10 10 11
00650 Butanoate metabolism 6 7 5 5
00562 Inositol phosphate metabolism 2 2 4 2 3
A

Tree scale: 0.01 H

T T o

. acetotolerans G10 (DRA013252)
. acetotolerans CN247 (CP046528.1) H

|

. acetotolerans LAT49 (CP044496.1) H |
. acetotolerans NBRC 13120 (AP014808.1) ||
|

rrrrrrrrr L. acetotolerans 1.J49 (CP051649.1)

B wem Number of unique genes
== Number of accessory genes
—— Number of core genes
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5 L. acetotolerans T 1%L EFE R G & B (A) K ZEEH 5T H1(B)

Figure 5 The phylogenetic tree based on core gene sequences of L. acetotolerans (A) and the analyze of

pangenome (B).
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Figure 6 KEGG functional classification map of L. acetotolerans G10 based on the analyze of core-pan genome.

% 4 L. acetotolerans G10 S5 E b L. acetotolerans Bk FELL T2 M B EFE M KEGG ThEE T
Table 4 KEGG annotations of unique genes in L. acetotolerans G10 compared with other L. acetotolerans

strains

ID Gene name Description

K03328 cps1C Polysaccharide transporter

KO01854 glf UDP-galactopyranose mutase

K02749 ghC Alpha-glucoside PTS system EIICB component
K03481 ghR RpiR family transcriptional regulator

K01232 glvA Maltose-6’-phosphate glucosidase

K01207 nag’Z Beta-N-acetylhexosaminidase

K20108 malT Maltose PTS system EIICB or EIICBA component
- repA Replication initiator protein A

K00783 rimH 23S rRNA (pseudouridine1915-N3)-methyltransferase
K12996 1gpA Rhamnosyltransferase

Note: —: No ID.
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malT 4t & B 20 PTS & 4t EIICB 5§ EIICBA
3, BIRERF BRI b 1 R B2 W s i 21 24
MENAEFEEFI . XEBH L. acetotolerans G10
H5HAMh L. acetotolerans WHEAH H AR IEA I RE
JIH
2.6 AEBRMADENIBRERKRIRAHERE
ELE 4R

FURR BRI TE A BBt v T3z 404, R FH B
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221 S ASHT L. acetotolerans G10 5 HAbFh2L
FURR AR BRI A BE A 22 57, 648 1 ik 5 Fgl,
MR T AL BRI 2 ), G R LA
ATCC 14917" (Lactiplantibacillus ~ plantarum
subsp. plantarum ATCC 14917") . K& BEFLAT &

ATCC 149317 (Limosilactobacillus fermentum ATCC
149317, FEEFLFT B ATCC 393" (Lacticaseibacillus

casei ATCC 393") . J FL#F I ATCC 14869"
(Levilactobacillus brevis ATCC 14869145 FEFL
- ®# ATCC 4005" (Lentilactobacillus buchneri
ATCC 4005"), ¥ L. acetotolerans G10 5% $65;
DR R AT HE B IR A 23 B (3R 5)

F4E KEGG BHEFERTFEREEER, L. acetotolerans
G10 AR /N T HA 5 #RFLRR T, (B
L. acetotolerans G10 " 5K L& P43 AH

X He B &K T L. plantarum ATCC 149177
(3 5); 1MiH. L. acetotolerans G10 Hi/KALE W)
AR AR DGR R B it | B PR BB 1 15.5%, 5 T
L. plantarum ATCC 14917" (11.7%). L. fermentum
ATCC 149317 (10.3%) . L. casei ATCC 393"
(11.1%) . L. brevis ATCC 14869" (9.5%)# L.
buchneri ATCC 4005" (9.8%). 3¢ L. acetotolerans
G10 L R ZH S5 R 1, ISV RE i T HAt
5 pRFLIR A

KEGG FRB4E R FEM, L. acetotolerans G10
AR K AL B ) A I e S5 R e 0 S | T
o3 R0 RERHA QAR OC 1 & KR B 34 5 Ak K AL 5 )
PR B 1Y 16.6% , HUOZ 2 S BERIZ 1R
P (13.9%) . NERERACIH(13.9%) (B 7). L.
acetotolerans G10 HORE LA/ S | JEK FIRERE
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5 FhELRR A

5 HAWB X ERA L, L. acetotolerans G10
A 17 FREA KA G A R e 2= D —FhEl,
MR B (3R 6); T H. L. acetotolerans G10 H1
A 3 FhSE A A glvA imalP F1 ghvCoglvA
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Table 5 Carbohydrate metabolism genes of the common lactic acid bacteria in fermented food from KEGG

database

Strains

Accession No.

Genome size (bp)

Number of genes

L. acetotolerans G10

L. plantarum ATCC 149177
L. fermentum ATCC 149317
L. casei ATCC 3937

L. brevis ATCC 148697

L. buchneri ATCC 40057

DRAO013252

GCA_000143745.1
GCA_000159215.1
GCA_000829055.1
GCA_000469365.1
GCA_004354745.1

Total Carbohydrate metabolism
1627 828 1878 292
3212261 2948 346
1 867 005 1693 174
2952961 2514 278
2473 047 2370 225
2551787 2268 223
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. Inositol phosphate metabolism

D C5-branched dibasic acid metabolism
D Butanoate metabolism

- Propanoate metabolism

L. buchneri ATCC 40057

L. brevis ATCC 14869"
D Glyoxylate and dicarboxylate metabolism
. Pyruvate metabolism

L. casei ATCC 393 D Amino sugar and nucleotide sugar metabolism
. Starch and sucrose metabolism

D Ascorbate and aldarate metabolism

- Galactose metabolism

D Fructose and mannose metabolism

L. fermentum ATCC 149317

L. plantarum ATCC 14917" . Pentose and glucuronate interconversions

I:] Pentose phosphate pathway

| . Citrate cycle (TCA cycle)
I:l Glycolysis/Gluconeogenesis
20 40 60 80 10

0

L. acetotolerans G10

Abundance (%)

7 BRIERHEXERE KEGG BE
Figure 7 The KEGG enrichment of carbohydrate metabolism genes.

% 6 L. acetotolerans G10 P4 ERK U EMR BEREEMAREPINEERER

Table 6 The presence of carbohydrate metabolism genes of L. acetotolerans G10 in other lactic acid
bacteria

Gene name Description G10 ATCC ATCC ATCC ATCC ATCC
14917" 149317 3937 14869"  4005"
pgi Glucose-6-phosphate isomerase + + + B N N
pfkA 6-phosphofructokinase i n B . - -
bglA 6-phospho-B-glucosidase + 4 _ . . B
fbaA Fructose-bisphosphate aldolase + + _ n B B
PpsA Pyruvate, water dikinase T i _ 7 . ~
sacA B-fructofuranosidase + + + N B B
glvA Maltose-6'-phosphate glucosidase + _ _ _ B _
treC Trehalose-6-phosphate hydrolase + + _ i B B
treP a,0-trehalose phosphorylase + + _ _ N N
malP, glvC a-glucoside PTS system EIICB component ~ + - — _ _ B
nplT Cyclomaltodextrinase + + i + a B
fruA Fructose PTS system EIIA component + + - + _ B
fruK 1-phosphofructokinase + + _ . 3 -
gleD Glycolate oxidase n N N - -
frdA Succinate dehydrogenase + + " _ B N
glf UDP-galactopyranose mutase + + + — - —

e - JCHmASIL; +. fEfEGmAS LA

Note: —: No gene; +: Have genes.
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RIEERR
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REA 5 A E M A A K2 [ (B e
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MR IR AR 8 HE 2, L. acetotolerans
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L. acetotolerans VE R H = [0 & I 5 1]
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M, 76 RESRET, L. acetotolerans 5 &
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REAR 2 R AL Sl T T A XU AR 1) 75 1k
e, L. acetotolerans BAZ O 2 —B3
L. acetotolerans G10 HATH Z Y ;i
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