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Newborn-derived Lactiplantibacillus plantarum HLPLO03:
environmental tolerance and metabolism of functional
oligosaccharides
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Abstract: [Objective] To analyze the probiotic functions of Lactiplantibacillus plantarum
HLPLO3 derived from the stool of healthy newborns and evaluate the environmental tolerance
and metabolism of functional oligosaccharides of this strain. [Methods] The tolerance of L.
plantarum HLPLO3 to extreme conditions was evaluated by treatments with the gastrointestinal
environment, hydrogen peroxide, and antibiotics. The modified media were used to evaluate the
metabolism of functional oligosaccharides by L. plantarum HLPLO3. Furthermore, the effects
of functional oligosaccharides on the antibacterial activities, hydrophobicity, and adhesion of L.
plantarum HLPLO3 were investigated. [Results] The viable count was above 10* CFU/mL
when L. plantarum HLPLO3 was cultured at pH 2.5 for 3 h and close to 10’ CFU/mL after the
strain was cultured in 0.30% bile salt for 6 h. The viable count increased significantly when L.
plantarum HLPLO3 was cultured with 1.0 mmol/L H,O; for 6 h (P<0.001). L. plantarum
HLPLO3 metabolized different functional oligosaccharides (except xylooligosaccharides) and
inhibited common food-borne pathogens. Raffinose was the best oligosaccharide to improve
the biological activity of L. plantarum HLPLO3. It enhanced the surface hydrophobicity of the
strain by 36.1% and increased the adhesion rate of the strain on Caco-2 cells from 16.78% to
42.11%. [Conclusion] L. plantarum HLPLO3 from healthy newborns has good resistance to
environmental stress, with the biological activities effectively promoted by functional
oligosaccharides such as raffinose, serving as characteristic lactic acid bacteria for research and
development.

Keywords: newborn; Lactiplantibacillus plantarum; tolerance; functional oligosaccharides;
antibacterial; adhesion
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FAbEE, 4.0 g HERE M, 2.6 g IR A4,
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W3R 2R WY FLFF IR TE 6 000 r/min T
B0 S min WCAE T RGN, FFH JC TR R £k 5% v
7 (phosphate buffered solution, PBS)¥Ei4 2 X
B, R RAF TR F SR PBS HE R
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Figure 1
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7x10° CFU/mL. % FUiW], pH 2.5 5{ 0.30%/H
S RRARA Y FLAT  HLPLO3 B35 M, (HAK SR
PR FR R TR T pH 3.5 8 0.15%HEE JLF
AN W TR R 3 P L U B TR bk LA L B
WIERWE T, 58S kB ILZEME h S
B EQ FLFF TR B i 32 158 A IE 5 %) 45 AR AL .

1 0.15% B 0.30%
.51 ns . sk
ns : ok
!
T 5!
!
1
7.0k :
1
1
'
1
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'
1
!
1 1 '
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Tolerance of Lactiplantibacillus plantarum HLPLO3 to acid and bile salt environment. Values

represent X S. ***: P<(0.001. A: The number of viable bacteria of L. plantarum HLPLO3 after culturing at pH
2.5 or pH 3.5 for 3 h. B: The number of viable bacteria of L. plantarum HLPLO3 after culturing at 0.15% or

0.30% bile salt for 6 h. ns: No significant difference.
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A AR MRS 1557 v il TR 25 Bl s [R] 7 SE
KR T, 5597 3 h )5 IE B A4 Bl 1.16x
10’ CFU/mL Ft-} 3.8x10” CFU/mL #13.1x10” CFU/mL
(P<0.01); 5% 6 h 5, TR EEOUAE] 5.27x10° CFU/mL
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TER AL S S T A R AT, UL A B
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Figure 2 Tolerance of Lactiplantibacillus plantarum
HLPLO3 to hydrogen peroxide. Values represent mean+
SD. **: P<0.01; ****. P<(0.000 1. The number of
viable bacteria of L. plantarum HLPLO3 after culturing
at 0.6 mmol/L H,0O, or 1.0 mmol/L H,O, for 6 h.
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2.3 BBARXTEYZLATE HLPLO3 95200
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JER Ay, AT X B2 0 8 A K A — S B 1
. M FLFT B HLPLO3 7E A L5 % Wt 9 17
6 R UNE 3 TR A FLAF P HLPLO3 £ pH 3.0
B A AETE R L AN 2 0 IR A, 1
25 UG RE AL A7 R AT B4 5, T pH 2.0-2.5
P B W, FEIERBELERFZ 100%ik 2 h, 1656

A

105~0|' -e— Control - pH 3.0

}°
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=3
v 975
—A- pH2.S5

95.0 1 1 1 1

0 1 2 3
t/h

3 /NG R TR, HY5X MAfEE D%
225+ (P<0.000 1), (HI R FFE 95% LA (& 3A).
245 R W B R 2 W RE 1 S T Wang
LU AT RN 82.78% M FLIRE . 734,
Y FLFF# HLPLO3 72 N T 55 5% 8 h,
T PR ECR SRS T T RS, e 4
FHIHR KT, S5 A RA B &%
2550, VLI B AR LA RAT 0T 32 B BE ) (]
3B).

B
7.5 |'D Control

I Intestinal iuice

—~
~~~
Al

Viable c
- ~
o —_

t/h

E 3 ALB&MEAREYIATE HLPLO3 A5

Figure 3 The effect of artificial gastric juice and intestinal juice on Lactiplantibacillus plantarum HLPLO3.
Values represent X£s. *: P<0.05; ****. P<0.000 1. A: The survival rate of L. plantarum HLPLO3 at pH 2.0,
pH 2.5, and pH 3.0 artificial gastric juice with a blank control group. B: The number of viable bacteria of L.

plantarum HLPLO3 at artificial intestinal juice and blank control group for 8 h.

2.4 HEFEAFE HLPLO3 WMAEMEEDN
B

FLER R B b A R HLA i 21, ol LA S
FER HIZ YU =16 IT BN B FLRR TR A 29—
[ K, (HEA S AP A RPUEIEIN B 25 2R T
Bl FS T AE 1) A4 P HAth 41 A 55 300 B 54 72
HpTrE IR, I X A A B 7= A A KU B0
Y FUFFE HLPLO3 X 13 Fhip = & pyfsused: an
TR, KO EE . SR EMANTD R
PR 28, XFHEA 10 FrbiAs KR I U, A
WFoE 4 5 RV 3 B g P i AL LT
T X 2 2R T 24 e A i ) 4 SR AR o LR TR X
HWET PR EEER  KKER) MRz —
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*1 EYIATE HLPLO3 XA EHE RAERM
Table 1 Sensitivity of  Lactiplantibacillus
plantarum HLPLO3 to different antibiotics

Antibiotic designation Antibiotic content Sensitive type

Penicillin 10U S
Gentamicin 10 pug S
Erythromycin 15 ng S
Tetracycline 30 ug S
Clindamycin 2 ug S
Vancomycin 30 pug R
Amoxicillin 10 pg S
Ampicillin 10 pug S
Cefoperazone 75 ng S
Chloramphenicol 30 ug S
Streptomycin 10 pug R
Ciprofloxacin 5pg R
Rifampin 5ug S

R and S represent resistant and sensitive, respectively.
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T A ) B BT S A B A R AR,
gi bk, MYIFUATE HLPLO3 Xf Zfhid: R A

2oy, fit)aBla s ie. K SA i
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LK e 7 EC R AT 2 0 L 2 25 S 4 e L
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HLPLO3 X 5 #fh WL I B0 i B A R A 10 L

HIEE S, MEEEILE 7.8 mm LI E, Hodx g
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23 mm, {3 T HAD 4 BRI (P<0.05),
H X 4 B G A BR B O BE S de/ )N, BB RE R
15 mm. FLER AR AE J150 55— E R I e
HAe1s 30 H B I EBUR R R BEE T,
PIERE 7 5m  ZLIR B L FH 2 P s, S RE
il S TR ) A, A BT R A A

2.6 EMFIFE HLPLO3 KRBT EINEEK

4 HEYIAE HLPLO3 WM ARRFEEFEA
HNHIgE

Figure 4  The inhibition of Lactiplantibacillus
plantarum HLPLO3 on different food-borne
pathogens. Values represent mean+SD. Different
letters represent significant differences, P<0.05.
Different food-borne pathogens include Escherichia

RENERM coli, Listeria monocytogenes, Staphylococcus aureus,
2L R B A AL S W AT, PP e e Salmonella typhimurium, and Bacillus cereus.
A B 1.0,
el A S~ GEH
= 0.8+ = RAF
GLU £0.6}F ~FOS
EM ~ GOS
Y ~ MO
BeE 0.2} -~ XOS
0.0
FOS | ] 03 6 91215182124
€ 7 7
~ XOS
IMO 6 L5
. ~ GOS
XO0S = —~ FOS
4 ~ RAF
~ GLU
RAF N PP
1 03 691215182124
t/h

Bl 5 #EYFLATE HLPLO3 FI A A ETheE R BRI S R
Figure 5 The change of fermentation of Lactiplantibacillus plantarum HLPLO3 in modified media with
different functional oligosaccharides. A: Different colors in modified media with different functional
oligosaccharides when L. plantarum HLPLO3 fermented at 24 and 48 h. Yellow indicates that L. plantarum HLPLO3
can metabolize theses functional oligosaccharides, and brown indicates that it cannot metabolize the carbohydrate. B:
The growth curves of L. plantarum HLPL03 in modified media with different functional oligosaccharides during 24 h.
C: Variation of pH in modified media with different functional oligosaccharides during 24 h. GLU: Glucose; GOS:
Galactose-oligosaccharide; FOS: Fructo-oligosaccharides; IMO: Isomaltose; XOS: Xylo-oligosaccharide; RAF: Raffinose.

http://journals.im.ac.cn/actamicrocn



4266

LI Jinmei et al. | Acta Microbiologica Sinica, 2023, 63(11)

PR Y 2060 R L A5 R, B RO A W FLAT T
HLPLO3 A FI| FHAG G0 | RSP 2005 | (RS AhE
IR 5 22 2R MR W EA A, AR R R R
REFI AR SR ACHE HEA AT, U8 B R AR B A ISR
ARSI . P SB AR K i 2Rt iib s T4
YFLFF I HLPLO3 AN EEF FHARRANE , [l B A [A]
e MR R IE MRS RE 11/ 22 57, SRSk
IAETRE L ARRALNE | IR U FIIR IR S5 2 4
Wi, (A A0S, K n] BB PR b A s
Wi, AL DR RERME, WA G Wl Ji4h, H
WFLFFE HLPLO3 FFA K Ak & P

B. cereus

E. coli

S. typhimurium

3 pH AR Pt S5 e g AR AR R K AL S Y 25 5
(K1 5C), Z5R—20
27 AREIDERBRENEDILAR
HLPLO03 X5 BRI E & S152 0

F 440 7L FF B HLPLO3 % 34 5] ) REAEE
A 250, dE—BAR5T 4 Rl ARy
T REAR SR X H & I b 3 I T I P R, 4
B 6 B, KBTI KIR A A
IR 25 AR B R B FE VD 1T R B A 0 B R
1 6A), o I B AR B 2 B 4 T K T
10 mm, 17 B A% A AR 7 B RIGSR SR AR g S

12 - Escherichia coli
*

o2}

B

Inhibitionzone (mm)

=

Bacillus cereus

—_
¥}

o

wn

Inhibitionzone (mm)

[}

Salmonella typhimurium
kKK
oK

i
38}

oo

B

Inhibitionzone (mm)

GLU GOS FOS IMO RAF

Bl 6 1EMFLATE HLPLO3 F| B AR ThEE M R BAER S LB E e

Figure 6 Inhibition of Lactiplantibacillus plantarum HLPLO3 fermented supernatant with different functional
oligosaccharides against pathogens. Values represent X+s. *: P<(0.05; **: P<0.01; ***: P<(0.001; ****;
P<0.000 1. L. plantarum HLPLO03 was fermented in modified media with different functional oligosaccharides.
The inhibition zone of the different supernatant on Escherichia coli, Bacillus cereus, and Salmonella
typhimurium was determined. GLU: Glucose; GOS: Galactose oligosaccharide; FOS: Fructo-oligosaccharides;

IMO: Isomaltose; RAF: Raffinose.
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