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ABSTRACT The Lactobacillus helveticus OSU-PECh-4A strain, from the Ohio State University
Parker Chair collection, produces exceptional b-galactosidase activity using acid whey as
a culture medium, compared with a commercial broth. The strain has a genome sequence
of 1,834,843 bp, and its GC content is 36.69%. Using InterProScan v5.50-84.0 software, four
genes with putative b-galactosidase function were found.

L actobacillus helveticus strain OSU-PECh-4A was isolated from commercial fermented
milk (Columbus, OH, USA). Twenty-five grams of sample was mixed with 225 mL of ster-

ile saline solution (0.85% NaCl [pH 7.0]). Serial dilutions were performed and plated on MRS
agar (BD Difco, USA). The plates were incubated under aerobic conditions for 16 h at 37°C.
The colonies were selected based on phenotypic features, i.e., shape, color, and texture.
Using a synthetic substrate, the OSU-PECh-4A strain showed 5 times more b-galactosidase
activity when it was cultivated in acid whey (AW) as a medium, compared with the com-
mercial broth (MRS broth). The relative expression of the bgal-620 gene was 3 times higher
in AW than in the MRS medium (1). It has been reported that lactic acid bacteria (LAB) have
two overlapping genes (lacL and lacM) for b-galactosidase production (2). However, LAB
can contain one, two, or three genes for the production of b-galactosidase in their genomes.
The draft genome sequence of this strain should facilitate the identification of the putative
genes encoding prospective b-galactosidase proteins and the understanding of the high ac-
tivity levels shown by L. helveticus OSU-PECh-4A.

For genomic DNA (gDNA) extraction from L. helveticus OSU-PECh-4A, a purification kit
(Wizard gDNA kit; Promega, USA) was used. Previously, the cells were grown in MRS broth
(BD Difco, USA) and recovered by centrifugation at 10,000� g for 10 min. The concentration
and quality of the gDNA were measured using the PicoGreen method (catalog number
P7589; Life Technologies, USA) and a 2200 TapeStation system (Agilent Technologies, Inc.,
USA), respectively. The DNA concentration used for the sequencing step was ;50 ng/mL,
with a DNA Integrity Number (DIN) value (with the Agilent 2200 TapeStation system and the
Agilent gDNA ScreenTape assay) of 9.7.

The gDNA was used for Illumina high-throughput sequencing (NovaSeq 6000 S4 system;
Illumina). The library was constructed following the TruSeq DNA PCR-free protocol, and 151
cycles of paired-end sequencing were performed at Psomagen (Rockville, MD, USA). A total
of 14.28 million raw reads were processed. Default parameters were used except where oth-
erwise noted. For quality control, we used Fastp v1.14.5 software (3); 98.88% of reads passed
quality control and were used for genomic assembly with the SPAdes genome assembler
v3.15 in mode --careful (4). We filtered out fragments shorter than 500 bp and computed
the assembly statistics using in-house-built scripts (available at https://github.com/Ales
-ibt/in_house_scripts). The L. helveticus OSU-PECh-4A genome is fragmented in 146 con-
tigs (N50, 20,442 bp; L50, 27; N90, 6,481 bp; L90, 84), likely due to the presence of many repet-
itive sequences according to the large number of transposases encountered (130 genes).

Editor Irene L. G. Newton, Indiana University,
Bloomington

Copyright © 2022 García-Cano et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Rafael Jiménez-
Flores, jimenez-flores.1@osu.edu.

The authors declare no conflict of interest.

Received 29 July 2021
Accepted 1 December 2021
Published 6 January 2022

Volume 11 Issue 1 e00766-21 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0003-2891-7286
https://orcid.org/0000-0003-4905-5021
https://github.com/Ales-ibt/in_house_scripts
https://github.com/Ales-ibt/in_house_scripts
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00766-21&domain=pdf&date_stamp=2022-1-6


TA
B
LE

1
Id
en

tifi
ca
ti
on

of
ge

ne
s
w
it
h
p
ut
at
iv
e
b
-g
al
ac
to
si
da

se
fu
nc

ti
on

in
L.
he
lv
et
ic
us

O
SU

-P
EC

h-
4A

us
in
g
Pr
ok

ka
an

d
In
te
rP
ro
Sc
an

so
ft
w
ar
ea

Pr
ok

ka
g
en

e
ID

C
on

ti
g
ID

N
uc

le
ot
id
e

p
os
it
io
n

St
ra
n
d

G
en

e
n
am

e
U
n
iP
ro
tK
B
an

n
ot

IP
S
d
at
ab

as
e

an
n
ot

IP
S
d
at
ab

as
e

ID
(s
)

IP
S
an

n
ot

St
ar
t

En
d

N
IP
FO

C
JE
_0

15
70

N
O
D
E_
62

_l
en

gt
h_

11
11

3_
co
v_

10
11

.5
71

85
6

18
7

20
73

1
la
cL

b
-G
al
ac
to
si
da

se
la
rg
e
su
b
un

it
Pf
am

PF
00

70
3,

PF
02

83
6,

PF
02

83
7

G
ly
co
sy
lh

yd
ro
la
se

fa
m
ily

2;
gl
yc
os
yl
hy

dr
ol
as
e

fa
m
ily

2,
TI
M

b
ar
re
ld

om
ai
n;
gl
yc
os
yl

hy
dr
ol
as
e
fa
m
ily

2,
su
ga

r-
b
in
di
ng

do
m
ai
n

N
IP
FO

C
JE
_0

15
71

N
O
D
E_
62

_l
en

gt
h_

11
11

3_
co
v_

10
11

.5
71

85
6

20
57

30
13

1
la
cM

b
-G
al
ac
to
si
da

se
sm

al
ls
ub

un
it

Pf
am

PF
02

92
9

b
-G
al
ac
to
si
da

se
sm

al
lc
ha

in

N
IP
FO

C
JE
_0

18
18

N
O
D
E_
88

_l
en

gt
h_

59
52

_c
ov

_
94

0.
93

70
21

48
5

15
58

2
la
cZ

b
-G
al
ac
to
si
da

se
La
cZ

Pf
am

PF
02

44
9

b
-G
al
ac
to
si
da

se

N
IP
FO

C
JE
_0

19
32

N
O
D
E_
10

7_
le
ng

th
_3

40
4_

co
v_

92
2.
98

16
71

13
03

18
84

2
la
cG

6-
Ph

os
p
ho

-
b
-g
al
ac
to
si
da

se
Pf
am

PF
00

23
2

G
ly
co
sy
lh

yd
ro
la
se

fa
m
ily

1

a ID
,i
de

nt
ifi
ca
ti
on

;a
nn

ot
,a
nn

ot
at
io
n;
IP
S,
In
te
rP
ro
Sc
an

;T
IM

,t
rio

se
p
ho

sp
ha

te
is
om

er
as
e.

García-Cano et al.

Volume 11 Issue 1 e00766-21 mra.asm.org 2

https://mra.asm.org


The genome size is 1,834,843 bp, and the GC content is 36.69%. According to CheckM v1.1.2
(5), this genome has 99.03% completeness and 0.00% contamination. Taxonomic assignment
to L. helveticus was corroborated using GTDB-Tk v1.5.0 (6). Additionally, we computed the
average nucleotide identity (ANI) versus 21 complete genome assemblies of Lactobacillus
helveticus strains from RefSeq using the FastANI tool v1.3 (7). This analysis revealed that
the two closest reference strains are L. helveticus strain D76 (GenBank accession number
CP016827.1) and L. helveticus isolate MGYG-HGUT-02384 (GenBank accession number
LR698986.1), both with 99.96% ANI.

According to gene prediction and functional annotation by NCBI Prokaryotic Genome
Annotation Pipeline (PGAP) v5.2, this assembly has 1,929 total genes, 2 copies of 16S rRNA,
and 51 genes encoding tRNAs. Additional annotation of functional domains in the amino
acid sequences retrieved by Prokka v1.14.5 (8) was performed using InterProScan v5.50-84.0
(9) for the identification of genes with putative b-galactosidase function (Table 1). Four genes
with this putative function were found in the L. helveticus OSU-PECh-4A genome. Two genes
are contiguous and represent the large and small b-galactosidase subunits. The other two
genes encode different proteins. The gene sequences and the amino acid sequences for the
four genes detected did not show similarity to each other, as observed by multiple sequence
alignment using MUSCLE v3.32.0 (10).

Data availability. The Lactobacillus helveticus OSU-PECh-4A draft genome was deposited
in the NCBI database under the BioProject and BioSample accessions numbers PRJNA746544
and SAMN20209453, respectively. The Sequence Read Archive (SRA) accession number is
SRR15131330. The GenBank accession number for the whole-genome sequence
is JAHWBM000000000, and the GenBank accession number for the 16S rRNA gene is
MW810614.1.
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