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Bifidobacterium longum isolated from elderly and
infant feces and analysis of priming
glycosyltransferase genes

Shuang Yan,a Guozhong Zhao, *ac Xiaoming Liu,ac Jianxin Zhao,ac Hao Zhangac

and Wei Chen *abc

The exopolysaccharide (EPS) production of several Bifidobacterium longum strains isolated from infant and

elder feces was determined. The relationship between EPS production and tolerance to artificial gastric and

intestinal juices was analyzed. Moreover, priming glycosyltransferase (pGT) gene fragments of these strains

were amplified and sequenced. The results indicate that their tolerance correlated well with EPS production,

especially the production of cell-surface-bound exopolysaccharide (EPS-b). The EPS-b production by

strains isolated from elderly volunteers was found to be significantly higher than that produced by strains

isolated from infants. Lastly, the phylogenetic tree of the pGT gene sequence fragments showed that the

pGT genes of infant-originated B. longum strains had greater homology than those of elder-originated strains.
1 Introduction

Human gut microbiota is an extremely complex ecosystem that
consists of 10 times more cells than the entire human body.
Research data have indicated that gut microbes affect various
human functions, such as the development of the immune
system and intestinal cell proliferation and differentiation,
and they are related to many human diseases.1–5 Numerous
commensal bacteria appear to have co-evolved and interact with
their human hosts.6 Studies have been conducted to map the
bacterial members of the human gut microbiota. However, the
accurate molecular mechanisms involved in the interactions
between commensal bacteria and their hosts remain largely
unknown. The cell envelopes of gut commensal bacteria, which
contain proteins and carbohydrates, are important interfaces
between the organisms and their hosts.6

Bacteria of the genus Bidobacterium were rst discovered in
1899 by Tissier, which are one of the bacterial groups that
dominate the human gut microbiota, especially in breast fed
infants.7 Certain Bidobacterium strains interact with their host
and are considered to be potential probiotics. For example,
Bidobacteria have been reported to be associated with
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antimicrobial activity against enteropathogens, to inhibit of
colon cancer and ulcerative colitis, and to improve the symp-
toms of constipation.8–11

The production of exopolysaccharides (EPSs) by Bidobac-
teria is one of the proposed mechanisms for their probiotic
activities. EPSs are carbohydrate polymers synthesized by
certain bacteria and either form an extracellular layer closely
attached to the cell surface or are free in the surrounding.12

Because the composition of monosaccharides and the chemical
bonds to connect these monosaccharide are diverse, EPSs
synthesized by different bacteria have variable structures.
Bacterial EPSs consist of repeating subunits of either mono- or
oligosaccharides, generating homo- or heteropolysaccharides,
respectively. Experimental data have demonstrated the impor-
tance of capsular polysaccharides produced by pathogen in
pathogenesis.13 In contrast, EPSs produced by probiotics, such
as Bidobacteria, are important in maintaining commensalism
between host and bacteria by modifying the physical properties
of cell surfaces. For example, EPSs may increase the tolerance of
the bacteria to the gastrointestinal environment and protect the
bacteria against the host immune system.14,15 Surface EPSs
produced by Bidobacterium breve UCC2003 were reported to
increase its stress tolerance against low pH and bile, and
affected the gut persistence of the strain; however, they did not
affect initial colonization. Furthermore, compared with the
isogenic mutants that did not produce surface EPS (EPS�

strain), the surface EPS-producing strain UCC2003 (EPS+ strain)
induced a weak adaptive immune response aer oral gavage of
these strains.15 EPSs produced by B. longum 35624 were
demonstrated to reduce the proinammatory host responses to
This journal is © The Royal Society of Chemistry 2017
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the strain.16 Therefore, the production of EPSs could be regarded
as a benecial property for the screening of probiotic strains. In
addition, EPS-producing lactic acid bacteria (LAB) are used in
the food industry; for example, during the fermentation of
yogurts, the texture and viscosity of the products can be
improved by the EPSs produced by LAB.17

In this study, we isolated several B. longum strains from
human feces, and determined the production of EPSs (either
bound to cell surfaces or released into their surroundings, i.e.
EPS-b or EPS-r) and their relationship with the tolerance of these
strains to simulated gastrointestinal juices. Furthermore, we used
PCR techniques to determine the gene fragments that code for
priming glycosyltransferase (pGT), which catalyzes the rst step
in the synthesis of EPS.18 Unlike other glycosyltransferase (GT)
genes that are oen either unique or dissimilar to each other,
pGT genes found in different bacterial strains are fairly similar to
each other, especially at the carboxy terminus.19 Therefore, we
designed primers based on the conserved areas of pGT genes and
amplied the pGT genes of our strains to analyze the homology of
these genes and their relationship to EPS production.

2 Materials and methods
2.1 Sample collection and isolation of Bidobacteria

We recruited 30 volunteers for collection of fecal samples: 15
elderly people (older than 90 years of age) and 15 infants (less
than 1 year of age). Fecal samples were collected in sterile tubes
(50 mL) with 25 mL of sterilized 30% (v/v) glycerol containing
0.05% (w/v) L-cysteine hydrochloride and kept at 4 �C. All of the
samples were transported to the laboratory within 48 h and
stored at �80 �C.

The samples were homogenized and the fecal suspensions
were then serially diluted with sterilized normal saline solution
containing 0.05% (w/v) L-cysteine hydrochloride (pH 7.0).
Appropriate dilutions of fecal samples were spread onMRS plates
containing 0.05% (w/v) L-cysteine hydrochloride and 50 mg mL�1

mupirocin (MRS-M). The plates were incubated in a Whitley
DG250 anaerobic workstation (Don Whitley Scientic Limited,
Shipley, UK) at 37 �C for 48 h. Colonies that exhibited different
morphologic features were isolated and identied. Two Bido-
bacterium longum strains, JCM 7052 and JCM 7053 (here renum-
bered as 642 and 643, respectively), obtained from the Japan
Collection of Microorganisms were used as reference strains.

2.2 Bacterial genomic DNA purication

All of the isolated strains were inoculated into MRS broth and
cultured anaerobically at 37 �C for 48 h. 1 mL of the culture were
centrifuged (6000g for 5min, 4 �C) and bacterial cell pellets were
collected, DNA was then extracted from the pellets using
a Rapid Bacterial Genomic DNA Isolation Kit (Sangon Biotech,
Shanghai). Finally, the puried DNA was dissolved in 100 mL of
TE buffer (pH 8.0).

2.3 Identication of isolated strains by 16S rRNA gene
sequencing and carbohydrate fermentation tests

16S rRNA gene from all of the isolated strains was amplied by
PCR with the universal primers 27F (50-AGA GTT TGA TCC TGG
This journal is © The Royal Society of Chemistry 2017
CTC AG-30) and 1492R (50-ACG GCT ACC TTG TTA CGA CTT-30).
PCR was carried out in 30 mL nal volume samples containing
15 mL 2� Taq MasterMix (Cwbiotech, Changping, Beijing), 0.4
mM of each primer, and 50 ng of DNA templates. The PCR
program consisted of 30 cycles aer initial incubation at 95 �C
for 5 min. Each cycle consisted of a denaturation step at 95 �C
for 30 s, an annealing step at 55 �C for 30 s, an extension step at
72 �C for 60 s, and a nal extension step at 72 �C for 5 min. The
PCR products were detected using agarose gel electrophoresis
and stored at 4 �C until sequencing.

Carbohydrate fermentation tests were carried out in MRS
broth supplemented with different carbohydrates (Table 3) and
0.04 g L�1 bromocresol purple as a pH indicator. Strains that
caused a yellow-to-purple color change were considered to be
able to ferment the carbohydrate present in the medium.
2.4 Determination of growth curve

Strains were cultured for three generations, inoculated into 100
mL of MRS broth, and cultured anaerobically at 37 �C for 40 h.
During the culture procedure, the optical density of the culture
broth at 600 nm was determined with a spectrophotometer.
2.5 Isolation and determination of exopolysaccharides

Aer anaerobic culturing at 37 �C for 10 to 25 h (at the end of the
exponential phase of each strain), 10 mL of the culture was
centrifuged at 10 000g for 10 min at 4 �C. The suspension and
cell pellets were used to extract cell-surface-bound exopoly-
saccharide (EPS-b) and released exopolysaccharide (EPS-r),
respectively. The extraction of EPS-b and EPS-r was conducted
using a method described previously.12 The crude EPS-b and
EPS-r were dissolved into a nal volume of 2.5 mL, respectively.
The amounts of EPS-b and EPS-r were determined using the
phenol/sulfuric acid method.20 The results were presented
as mg per g biomass (dry weight).
2.6 Tolerance to simulated gastrointestinal environment

Simulated gastric and intestinal juices were prepared using the
previousmethod.21 Simulated gastric juice (pH 3.0) contained 3 g
L�1 pepsin (1 : 15 000; BBI Life Sciences, CA); simulated intes-
tinal juice (pH 8.0) contains 1 g L�1 trypsin (1 : 250; Sinopharm
Chemical Reagent Co., Ltd, China). Both simulated gastric and
intestinal juices were sterilized using 0.22 mm membrane.

Strains were cultured to the end of the exponential phase
and then centrifuged at 6000g for 5 min at 4 �C, and the cell
pellets were washed with sterile normal saline solution and
resuspended in simulated gastric juice. Aer the suspensions
were incubated anaerobically at 37 �C for 3 h, the viable counts
of the tested strains were determined by the pour plate
method. The suspensions were centrifugated, and each cell
pellet was resuspended in the same volume of simulated
intestinal juice. Aer anaerobic incubation at 37 �C for 2 h, the
viable counts of the tested strains were determined. The
tolerances to simulated gastric and intestinal juices were rep-
resented by the survival rates aer treatment with the above
juices.
RSC Adv., 2017, 7, 31736–31744 | 31737
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2.7 Amplication and sequence analysis of pGT genes

Gene sequences coding for pGT were found and downloaded
from the GenBank database (Table 1). Sequence alignment was
conducted using DNAMAN soware (vision 6.0, Lynnon Bioso,
San Ramon, CA), and specic primers for pGT genes were
designed based on the conserved regions of pGT genes. The
PCR conditions for pGT genes with specic primers were the
same as those for 16S rRNA gene, except for the annealing
temperature (Table 2). The PCR products were detected by
agarose gel electrophoresis and stored at 4 �C until sequencing.
Multiple sequences from the 30-terminal region of the pGT
genes of each of the B. longum strain were aligned using Clustal
X2 soware (http://www.clustal.org/). The phylogenetic tree was
created with MEGA5.1 soware (http://www.megasoware.net/)
with the neighbor-joining method.

2.8 Statistical analysis

Results were expressed as the average of three independent trials.
Statistical analysis was conducted using SPSS 20.0 soware (SPSS
Inc., Chicago, IL). Pearson's correlation was used to determine the
relationship between the tolerance to the gastrointestinal envi-
ronment and EPS production. Independent-samples t-tests were
used to determine the signicant differences between two groups.

3 Results
3.1 Isolation and identication of Bidobacteria

Three hundred and twenty bacteria strains were isolated from
the 30 fecal samples. Ninety-three of these strains were
Table 1 Priming glycosyltransferase genes of B. longum strains
available in the GenBank database

Strains
Genome
accession no. pGT gene

Location in
the genome

B. longum NCC2705 AE014295.3 cpsD/rP BL0237/BL0249
B. longum 105-A AP014658.1 cpsD BL105A_0405
B. longum 35624 CP013673.1 cpsD B624_0342
B. longum AH1206 CP016019.1 cpsD BL1206_0418
B. longum BBMN68 CP002286.1 cpsD BBMN68_1012
B. longum JCM 1217 AP010888.1 cpsD BLLJ_0364
B. longum CECT 7347 CALH01000027.1 cpsD BN57_533
B. longum KACC 91563 CP002794.1 rP BLNIAS_02272
B. longum NCIMB8809 CP011964.1 rP B8809_0330
B. longum BG7 CP010453.1 rP BBG7_0429
B. longum CCUG30698 CP011965.1 rP BBL306_0360
B. longum F8 FP929034.1 rP BIL_15040

Table 2 Primers used for amplification of priming glycosyltransferase
gene

Primer Sequence (50–30)
Annealing
temperature (�C)

cpsD-F TTCTCYGTGCGCATGGAATC 55
cpsD-R CCCATAATSGACCAGTTCTGCAC
rP-F GATTCYGAGACCATGCGTAC 55
rP-R GCATARTCCGACTGTTCCTGAG

31738 | RSC Adv., 2017, 7, 31736–31744
identied as B. longum by 16S rRNA gene sequencing. We chose
21 strains from different fecal samples and two reference
strains for subsequent analyses and carbohydrate fermentation
tests (Table 3). Different B. longum strains exhibited different
fermentation properties. This may indicate that they possessed
different genotypes or phenotypes. It was reported previously
that two biovars can be distinguished within species of B. lon-
gum. Biovar a ferments mannose and is more frequently found
in human adults; biovar b is unable to ferment mannose and is
more frequently found in neonates.22 Thus, the tested strains
were divided into two groups; 11 strains were mannose-positive,
and the remaining strains were mannose-negative.
3.2 Growth characteristics of Bidobacterial strains

As shown in Fig. 1, each of the B. longum strains exhibited
different growth rates in MRS broth. B. longum HUB-6-1 prolif-
erated rapidly aer inoculation and reached the stationary
phase aer 10 h. B. longum HUB-37-A12 exhibited a relatively
at growth curve and its optical density during the stationary
phase was lower than other strains. Most of the strains reached
the stationary phase 20 to 25 h aer inoculation. Previous
studies showed that the EPS production started to decline at the
beginning of the stationary phase.12,23 Therefore, we collected
the cultures of each strain at the end of their exponential phases
and determined the production of EPS and biomass.
3.3 EPS production and bacterial tolerance to simulated
gastrointestinal environment

We determined the EPS production of the 23 selected strains
(Table 4). B. longum strains 762, HUB-37-A12, and HAN-4-25
produced negligible amounts of EPS-r and EPS-b; strains M2-
03-F02-27, 760, and HUB-2-25 produced only EPS-b; the
remaining strains produced both EPS-r and EPS-b. In addition,
we found that the EPS-b production levels of strains isolated
from elderly volunteers were signicantly higher than those of
strains isolated from infants (p < 0.05). However, there was no
signicant difference in EPS-r production between strains from
elder and infant samples (Fig. 2A). As shown in Table 4, strains
M1-20-R01-3, M1-20-R01-B15, and C-11-A10 exhibited the high-
est tolerances to simulated gastric and intestinal juices, which
corresponded with maximum EPS production. However, strains
M2-03-F02-27 and HUB-2-25, which produced only EPS-b, also
had relatively high survival rates aer treatment with simulated
gastric and intestinal juices. The correlations between EPS
production and tolerance to the gastrointestinal environment
were signicant (p < 0.05); especially for EPS-b production, with
Pearson correlation coefficients of 0.781 and 0.831 for tolerance
to simulated gastric and intestinal juices, respectively, and
apparent linear relations (Fig. 3). These results indicate that EPS
bound to the cell surface is important for the survival of Bi-
dobacteria in adverse environments, such as the gastrointestinal
tract. Furthermore, we found that the amount of EPS-
b produced by mannose (+) strains was higher than that
produced by mannose (�) strains (p < 0.05; Fig. 2B). These
results suggest that the synthesis of cell-surface-bound
This journal is © The Royal Society of Chemistry 2017

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra03925e


T
ab

le
3

C
ar
b
o
h
yd

ra
te

fe
rm

e
n
ta
ti
o
n
te
st

o
f
is
o
la
te
d
an

d
re
fe
re
n
ce

B
ifi
d
o
b
ac

te
ri
u
m

lo
n
g
u
m

st
ra
in
sa

St
ra
in

G
lu
co
se

D
-F
ru
ct
os
e

M
el
ez
it
os
e

D
-M

an
n
os
e

D
-G
lu
co
sa
m
in
e

D
-X
yl
os
e

A
ra
bi
c

gu
m

C
el
lo
bi
os
e

L-
A
ra
bi
n
os
e

Sa
li
ci
n

G
lu
co
n
at
e

R
a

n
os
e

B
.l
on

gu
m

64
2

+
+

+
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

64
3

+
+

�
�

�
�

�
�

+
�

�
+

B
.l
on

gu
m

68
5

+
+

�
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

68
6

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

68
7

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

68
8

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

68
9

+
+

�
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

75
2

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

75
6

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

76
0

+
+

�
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

76
2

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

G
X
-1
7-
A
9

+
+

+
�

�
+

+
�

+
�

�
+

B
.l
on

gu
m

H
U
B
-3
7-
A
12

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

M
2-
3-
F0

2
27

+
+

�
�

+/
�

�
�

�
�

�
�

+

B
.l
on

gu
m

M
1-
20

-R
01

-3
+

+
+

�
�

+
�

�
+

�
�

+

B
.l
on

gu
m

M
1-
20

-R
01

-B
15

+
+

+
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

M
2-
C
-F
01

-1
4

+
+

�
�

�
+

�
+

�
�

�
+

B
.l
on

gu
m

C
-1
-A
13

+
+

+
+

�
+

�
�

+
�

�
+

B
.l
on

gu
m

C
-6
-A
3

+
+

+
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

C
-1
1-
A
10

+
+

�
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

H
U
B
-6
-1

+
+

�
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

H
U
B
-2
-2
5

+
+

+
�

�
+

�
�

+
�

�
+

B
.l
on

gu
m

H
A
N
-4
-2
5

+
+

+
+

�
+

�
�

+
�

�
+

a
+/
�,

th
e
ab

il
it
y
to

m
et
ab

ol
iz
e
th
is

ca
rb
oh

yd
ra
te

is
ve
ry

w
ea
k.

This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 31736–31744 | 31739

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Ju

ne
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/2
2/

20
26

 5
:3

4:
08

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra03925e


Fig. 1 Growth curve of isolated and reference Bifidobacterium longum strains.
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exopolysaccharide may associated with the metabolism of
mannose, however, the corresponding biological mechanisms
are unclear.

3.4 Determination of pGT genes and sequence analysis

The gene presumed to code for pGT in the chosen B. longum
strains was amplied (Table 4). There were three strains in which
the pGT gene was not detected (strains 688, 689, and M2-C-F01-
14); all three of these strains produced both EPS-r and EPS-b.
Table 4 Production of two types of EPS (EPS-r and EPS-b) by isolated a

Strain Source
EPS-r mg per g
biomass

EPS
bio

B. longum 642 Reference 27.40 � 1.07 27.0
B. longum 643 Reference 23.23 � 0.55 21.6
B. longum 685 Infant fecal 46.33 � 0.80 23.4
B. longum 686 Infant fecal 26.48 � 1.02 37.9
B. longum 687 Infant fecal 25.49 � 0.63 33.2
B. longum 688 Infant fecal 31.02 � 1.17 6.0
B. longum 689 Infant fecal 29.23 � 1.30 10.9
B. longum 752 Infant fecal 21.50 � 0.84 6.5
B. longum 756 Infant fecal 29.42 � 0.87 5.5
B. longum 760 Infant fecal 0.65 � 0.48 1.1
B. longum 762 Infant fecal 0.32 � 0.54 0.0
B. longum GX-17-A9 Infant fecal 8.41 � 0.71 1.2
B. longum HUB-37-A12 Infant fecal 0.68 � 0.52 0.2
B. longum M2-03-F02-27 Infant fecal 0.64 � 0.46 15.2
B. longum M1-20-R01-3 Elder fecal 55.31 � 1.15 32.7
B. longum M1-20-R01-B15 Elder fecal 43.91 � 0.73 48.7
B. longum M2-C-F01-14 Elder fecal 11.30 � 1.01 31.4
B. longum C-1-A13 Elder fecal 19.55 � 0.92 30.8
B. longum C-6-A3 Elder fecal 7.91 � 0.41 34.5
B. longum C-11-A10 Elder fecal 69.27 � 1.80 32.4
B. longum HUB-6-1 Elder fecal 1.82 � 0.80 11.5
B. longum HUB-2-25 Elder fecal 0.39 � 0.61 37.1
B. longum HAN-4-25 Elder fecal 0.45 � 0.45 0.1

a cpsD or rP represented that pGT gene in this strain was successfully
detected.

31740 | RSC Adv., 2017, 7, 31736–31744
The amino acid sequences predicted from the PCR prod-
ucts of the pGT gene exhibited high homology in the partial C-
terminal regions (Fig. 4). Within these sequences, blocks B
and C were involved in interaction with the lipid carrier and in
sugar-specic recognition, respectively.18 Phylogenetic trees
(Fig. 5) of these DNA and amino acid sequences were con-
structed using a neighbor-joining method, including two pGT
gene fragments of B. longum NCC2705 from GenBank. The
sequences of strains isolated from infant feces were largely
nd reference strains and result for amplification of pGT genea

-b mg per g
mass

Amplication
of pGT gene

Survival rate (%)

Gastric juice Intestinal juice

6 � 1.60 cpsD 49.72 � 1.44 48.96 � 3.40
7 � 0.63 rP 61.08 � 2.76 32.07 � 2.56
3 � 0.89 rP 52.91 � 2.69 55.49 � 3.32
6 � 1.31 rP 65.03 � 0.67 55.57 � 2.13
9 � 1.19 rP 49.41 � 2.81 49.75 � 2.54
6 � 0.70 — 33.09 � 2.81 46.47 � 0.98
7 � 1.35 — 30.04 � 0.89 30.56 � 2.39
6 � 0.69 rP 38.32 � 0.70 21.80 � 1.22
6 � 0.35 rP 58.41 � 1.79 30.91 � 3.06
9 � 0.49 rP 32.63 � 0.56 26.27 � 1.40
3 � 0.35 cpsD 47.96 � 2.14 32.19 � 2.79
7 � 0.66 cpsD 36.40 � 1.70 16.63 � 1.30
1 � 0.32 rP 34.48 � 1.43 20.29 � 1.82
6 � 0.91 rP 57.34 � 2.53 40.96 � 3.26
8 � 1.11 cpsD 94.54 � 2.34 75.57 � 2.07
0 � 0.79 cpsD 89.32 � 3.72 65.25 � 1.96
7 � 0.98 — 55.38 � 1.62 46.15 � 1.94
2 � 1.06 rP 70.15 � 1.85 64.30 � 0.57
8 � 1.31 cpsD 76.28 � 1.23 58.04 � 3.02
5 � 0.74 rP 86.33 � 0.62 79.38 � 2.09
8 � 0.80 rP 36.11 � 1.94 21.92 � 1.44
4 � 0.72 cpsD 76.11 � 2.21 68.24 � 1.71
2 � 0.35 cpsD 52.22 � 1.83 35.29 � 2.35

amplied with primer cpsD-F/R or rP-F/R; N.D., pGT gene was not

This journal is © The Royal Society of Chemistry 2017
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Fig. 3 Correlations between production of EPS-b and tolerance to simulated gastric juice (A) and intestinal juice (B).

Fig. 2 (A) Productions of EPS-r and EPS-b of B. longum strains isolated from elder and infant feces. (B) Productions of EPS-r and EPS-b of B.
longum strains that fermented or did not ferment mannose.

Fig. 4 Alignment of an internal fragment of amino acid sequence of priming glycosyltransferase in isolated and reference strains. B and C at the
bottom of the figure represented blocks involved in interaction with the lipid carrier and in sugar-specific recognition, respectively.
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Fig. 5 Phylogenetic trees of the internal fragments of priming glycosyltransferases genes obtained by PCR amplifications (A) and the corre-
sponding amino acid sequences (B).
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clustered together (except for strains 762 and GX-17-A9), and
were more similar to the sequence of rP gene from strain B.
longum NCC2705. Most of the remaining sequences had
higher homology with the sequence of cpsD gene from strain
B. longum NCC2705. The sequences of strains HAN-4-25, HUB-
2-25, GX-17-A9 and 762 were separate from those of other
strains.

4 Discussion

Bidobacteria have been recognized as the predominance of
intestinal microbiota in vaginally delivered infants; their
numbers decline with the increasing age of their hosts.24–26

Analysis of the diversity of Bidobacteria within infant and
maternal gut microbiota showed that B. longum was the domi-
nant Bidobacterium species in both groups, constituting 56.2%
and 38.2% of the total Bidobacteria, respectively.27 Similarly, B.
longum comprised the majority of Bidobacterial strains iso-
lated in the present study.

EPSs produced by Bidobacteria are considered to be
signicant in interaction mechanisms between these bacteria
and their hosts. Some commensal bacteria producing capsular
polysaccharides have been predicted to involved in the deco-
ration of hosts' intestinal mucosa.28 The determination of EPS
productions by different Bidobacterium species showed no
signicant differences between the species, and EPS production
was signicantly correlated with the tolerance ability against
low pH and bile salts.14 In this study, two types of EPSs produced
by different B. longum strains were determined. Most of the
tested strains produced both types of EPSs. However, several
strains produced only EPS-b, and others produced neither of the
two types of EPS. No strain was found to produce only EPS-r; this
was attributed to the synthesis process of EPS, whereby it is
31742 | RSC Adv., 2017, 7, 31736–31744
assembled on the extracellular surface of cytomembranes from
repeating units.29 EPS-b production of strains isolated from
elder volunteers was signicantly higher than those of strains
isolated from infants, which may indicate that commensal
Bidobacteria co-evolved with their hosts.6

EPS synthesis is a complex process that is catalyzed by
several enzymes coded by eps clusters. In previous studies, PCR
techniques were used to detect fragments of genes coding glu-
cansucrases, fructansucrases and glycosyltransferase synthe-
sizing b-D-glucan, that are involved in the biosynthesis of
homopolysaccharides in EPS-producing Bidobacteria.
However, these attempts were unsuccessful. This may indicate
that most Bidobacteria carry genes associated with the
synthesis of heteropolysaccharides.30–32 The initial step in EPS
synthesis is the pGT-catalysed addition of a sugar-1-phosphate
to a lipid carrier molecule anchored to the cell membrane.
Additional sugar moieties are linked to the initial mono-
saccharide by forming glucosidic bonds, catalyzed by glycosyl-
transferases (GTs), to form repeating units.33 The sugars used to
form repeating units are in an activated form (nucleoside di- or
monophosphorylated sugars), and the structures of different
repeating units are dependent upon the GTs involved in their
syntheses. Previous studied have demonstrated that the
production of EPS was altered or interrupted aer inactivation
of the pGT gene, indicating that pGTs are necessary for the
biosynthesis of EPS.34,35 Most genes coding for GTs are dissim-
ilar to each other; however, the pGT genes in various bacteria
are relatively similar and dene conserved amino acid
sequences in a specic group of pGTs, particularly in the car-
boxy terminus.19 The relatively high homology may be related to
the presence of domains that interact with lipid carrier.18 The
genome of B. longum NCC2705 contains two pGT genes coding
for galactosyltransferase (cpsD) and undecaprenyl-phosphate
This journal is © The Royal Society of Chemistry 2017
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sugar phosphotransferase (rP). However, in other B. longum
strains, whose genomes have been completely sequenced, only
one or neither of the two genes was found. Similarly, 20 of the
23 strains analyzed in this study contained either rP or cpsD
gene fragments; no pGT genes were detected in the remaining
strains. Similarly, Hidalgo-Cantabrana et al.36 selected four
primer pairs from 24 degenerated primers and detected at least
one pGT gene (cpsD or rP) in 63 out of 99 Bidobacterial
strains.

Analyses of EPS production by our tested strains showed
there were three strains were unable to produce both types of
EPS. However, these strains contained pGT genes. This
discrepancy may result from the complex synthesis of EPS,
which contains many steps and is catalyzed by a series of
enzymes coded by genes contained in a complex gene cluster.
This include genes coding for enzymes involved in the trans-
portation of the repeated EPS subunits to the extracellular
surface of the cytomembrane and in the assembly of the
repeating units.18 The expression of these genes is regulated by
regulatory genes and affected by environmental and nutritional
conditions. Furthermore, three B. longum strains were positive
for EPS production but contained no pGT genes. These results
suggest that the sequences of the pGT genes in these strains
may have less homology with those of other strains or that there
may be other types of pGTs coded by genes that could not
amplied using our primers.

The phylogenetic trees constructed using the pGT gene
fragments and their corresponding amino acid sequences
showed that the sequences amplied with the rP-F/R primer
pair were mostly clustered together (except for strains 643, C-11-
A10, and HUB-6-1) and that these clustered sequences were
mostly from strains isolated from infant feces (except for strain
C-1-A13). Furthermore, the two sequences amplied with the
cpsD-F/R primer pair from infant sample strains were also
clustered together. These results suggest that the pGT genes of
infant-originated B. longum strains had greater homology than
those of elder-originated pGT genes.

5 Conclusion

We determined the EPS productions by B. longum strains iso-
lated from elder and infant feces. In addition, we determined
the tolerances of B. longum strains to simulated gastric and
intestinal juices. These tolerances were found to correlate with
EPS production; particularly with the production of EPS-b,
which is oen regarded as a capsular polysaccharide. More-
over, we determined that EPS-b production in strains isolated
from elderly volunteers was signicantly higher than that in
strains isolated from infants, and this was the rst time to
report this result. Furthermore, mannose (�) strains produced
more EPS-b than mannose (+) strains. Lastly, PCR was used to
detect gene fragments coding for pGT, which catalyzes the rst
step of EPS production. These gene fragments were present in
most of the B. longum strains tested. The phylogenetic tree of
these sequences indicated that the pGT genes of infant-
originated B. longum strains had greater homology than those
of the elder-originated strains.
This journal is © The Royal Society of Chemistry 2017
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