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Search for Antibacterial Peptides Released from Soy Proteins in
Fermented Soymilk

Kensuke ARAKAWA", Kanako FUKUDOME, Naoki TOYOKAWA,
Yoko OMORI and Taku MIYAMOTO

Department of Animal Science, Division of Agricultural and Life Science, Graduate School of
Environmental and Life Science, Okayama University, Okayama 700-8530

ABSTRACT

Some antibacterial peptides released from milk proteins by cell-envelope
proteinases (CEPs) of lactic acid bacteria have been already reported, but not
yet from soy proteins. In this study, we aimed to search antibacterial peptides
in soymilk fermented by Lactobacillus helveticus with various CEPs. Among 8
tested strains (nonbacteriocin producers) of Lb. helveticus, AK1244 and AK1245
were selected with antibacterial activity against Listeria monocytogenes VTU206
in cell-free supernatant (CFS) of the fermented soymilk. The activity was shown
only at pH 45 or under. An optimal temperature of cultivation of both strains to
produce antibacterial substances was 3700, not 25, 30 and 4200 . Strain AK1244
produced the antibacterial substances during the stationary phase, whereas strain
AK1245 did during the exponential and stationary phases. The antibacterial
activity of the AK1244- and the AK1245-CFS was stable for heating. The activity
of 4x CFS was comparatively resistant to enzymatic treatments using catalase
and some proteinases, but a-chymotrypsin decreased the activity; suggesting that
the CFS would include antibacterial short peptides in addition to nonproteinaceous
antibacterial components such as lactic acid. The AK1244- and the AK1245-CFS
had antibacterial activity against Escherichia coli (1 strain), Enterococcus sp.
bacteria (2 strains) and Lactococcus lactis subsp. lactis (2 strains) as well as Li/s.
monocytogenes VTU206; whereas not against the other tested 14 strains of lactic
acid bacteria. To separate antibacterial peptides from the CFS including the other
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antibacterial substances such as lactic acid, strain AK1245 was incubated with 5%
(w/v) soy proteins, not soymilk, without fermentation (without production of lactic
acid). 4x CFS of the suspension was analysed using C18-RP-HPLC, and then an
antibacterial fraction which would include the antibacterial peptides was separated;
but the antibacterial peptides have not been purified yet. Soy Protein Research, Japan

18, 204-212, 2015.

Key words : antibacterial peptide, fermented soymilk, soy protein, Lactobacillus
helveticus, cell-envelope proteinase
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Table 1. Bacterial strains used in this study

o010 00Table 1000000000 OOCOODO
goooooooooooooooMRSOOOoOooOoO
gooooooobooooooooooobooboooooo

ooooo
0o0o0ooooLb helveticusD OO OOOOODO
pHOOOOOOOOODOOOOooOooooooog
oo oooooooo
goMRSOOODOOODODODOOOOODOOOOODOO
gooooooooood

oooooooooooooooobood

CFsSO 6507501050 0 01210 015 minO OO OO
ooboooooooooooooocrSOOOoOoOn
oo0ooooOo0o0obooOO0obOO0OOOcCkstb4x CrsO O
gooooooooooooooboooooooboooon

Species Strain Source*
Lactobacillus helveticus JCM 11207 JCM
AK 1239 Our laboratory
AK 1240 Our laboratory
AK 1241 Our laboratory
AK 1242 Our laboratory
AK 1243 Our laboratory
AK 1244 Our laboratory
AK 1245 Our laboratory
Listeria monocytogenes VTU 206 VTU
Escherichia coli RB Our laboratory
Enterococcus faecalis TH15 Our laboratory
Enterococcus faecium C210 Our laboratory
Lactococcus lactis subsp. lactis DH1 Our laboratory
KM Our laboratory
Pedliococcus pentosaceus JCM 5885 JCM
Streptococcus thermophilus 2330M2 Our laboratory
Lactobacillus casei ATCC 393" ATCC
L-49 Our laboratory
NIAI L-14 NIAI
NIAI L-54 NIAI
Lactobacilus delbrueckii subsp. bulgaricus 7235 Our laboratory
Lactobacilus delbrueckii subsp. lactis 1135 Our laboratory
Lactobacillus gasseri JCM 1025 JCM
Lactobacillus paracasei subsp. paracasei ATCC 25598 ATCC
34143 Our laboratory
34143S Our laboratory
Lactobacillus plantarum 301102 Our laboratory
6214 Our laboratory

[u]

ATCC = American Type Culture Collection; JCM = Japan Collection of Microorganisms; NIAI = National

Institute of Animal Industry, Japan; VTU = Department of Veterinary Public Health, Faculty of Agriculture,

University of Tokyo.
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Table 2. Presence or absence of cell-envelope proteinase genes (prtHs and prtY’) in 8 strains of Lactobacillus

helveticus used in this study

Lb. helveticus strain

CEP gene

JCM 11207  AK1239 AK1240 AK1241 AK1242 AK1243 AK1244 AK1245
prtHa g O O ad + + g O
prtHb O + + + ad ad + a
prtH2 ad ad O O O O d +
prtH3 + O ad ad ad + a O
prtH4 ad a O O O O ad O
prtYy O O O O 0 + 0 0

Table 3. Size of inhibitory zones (pore size: 6 mm) formed by cell-free supernatant (CFS) of soymilk fermented
by Lactobacillus helveticus strains on the agar-well diusion assay with Listeria monocytogenes

VTU206
. Inhibitory zone (mm)
Solution - - -
e CFS of fermented soymilk with Lb. helveticus
P JCM 1120"  AK1239 AK1240 AK1241 AK1242 AK1243 AK1244 AK1245
45 O ] O 75 ] O 8.2 8.4
7.0 O ] O d O O O O
95 O O 0 0 0 0 0 0O

“pH adjustment with 1-6N HCI and 1-6 N NaOH
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Fig. 1. Active pH range of cell-free supernatant
(CFS) of soymilk fermented by Lactobacillus
helveticus AK1244 and AK1245. The CFS
was pH-adjusted to 3.0-9.5 with 1-6N HCI and
1-6 N NaOH. Data shown are average size of
inhibitory zones (pore size: 6 mm) formed by
the CFS on the agar-well diusion assay with
Listeria monocytogenes VTU206. 1.1 % (v/v)
lactic acid was used as a control.
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Fig. 2. Effect of cultivation temperature of
Lactobacillus helveticus AK1244 and AK1245
in soymilk on antibacterial activity of the
cell-free culture supernatant (CFS, pH 4.5).
Data shown are average size of inhibitory
zones (pore size: 6 mm) formed by the CFS
on the agar-well diusion assay with Listeria
monocytogenes VTU206.
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Fig. 3. Change in cell growth (pH, titratable acidity and viable cell count) and production of antibacterial
substances during soymilk fermentation (0-120 h) by Lactobacillus helveticus AK1244 (a, c) and AK1245 (b,
d). The production of antibacterial substances is shown by antibacterial activity of cell-free supernatant
(CFS, pH 45) of the fermented soymilk. The antibacterial activity was measured as size of inhibitory
zones (pore size: 6 mm) formed by the CFS on the agar-well dilJusion assay with Listeria monocytogenes

VTU206.

Table 4. Elect of heat treatment on antibacterial activity of cell-free supernatant (CFS, pH 4.5) of soymilk

fermented by Lactobacillus helveticus AK1244 and AK1245. Data shown are average size of

inhibitory zones (pore size: 6 mm) formed by the CFS on the agar-well diusion assay with Listeria

monocytogenes VTU206

Inhibitory zone (mm)

Heating condition

CFS of fermented soymilk with Lb. helveticus

AK1244 AK1245
Control 82 8.4
650, 15 min 7.8 8.0
750, 15 min 8.0 8.0
1050, 15 min 8.0 7.8
1210, 15 min 8.0 75
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Table 5. Elect of enzymatic treatment on antibacterial activity of cell-free supernatant (CFS, pH 4.5) and
4x CFS (concentrated with freeze-drying, pH 4.5) of soymilk fermented by Lactobacillus helveticus
AK1244 and AK1245. Data shown are average size of inhibitory zones (pore size: 6 mm) formed by the
CFS and the 4x CFS on the agar-well diJusion assay with Listeria monocytogenes VVTU206. The CFS
and the 4x CFS without any enzymatic treatment but with incubation and inactivation processes were

used as each control

Inhibitory zone (mm)

Enzyme CFS 4x CFS
AK1244 AK1245 AK1244 AK1245

Control 8.0 6.5 125 9.8
Catalase 78 O 120 9.8
Pepsin ad ad 125 8.0
Trypsin ad ad 113 9.0
o -Chymotrypsin O O 10.0 8.0
Proteinase K O O 115 8.8
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Elution: A, H20; B, Acetonitrile
Flow rate: 0.8 ml/sec
Absorbance: 220 nm
Column temp.: 350
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Fig. 4. Separation of an antibacterial fraction from
cell-free supernatant [0 4x[] of suspension
of Lactobacillus helveticus AK1245 in 5%
Ow/vO soy proteins. The suspension was
incubated for 24 h at 370 .
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Table 6. Antibacterial spectrum of cell-free supernatant (CFS, pH 4.5) of soymilk fermented by Lactobacillus
helveticus AK1244 and AK1245. Data shown are average size of Inhibitory zones (pore size: 6 mm)

formed by the CFS on the agar-well dilusion assay with 20 tested bacterial strains.

Tested strain

Inhibitory zone (mm)

CFS of AK1244

CFS of AK1245

Lis. monocytogenes VTU206

E. coli RB

Ent. faecalis TH15

Ent. faecium C210

Lc. lactis subsp. lactis DH1

Lc. lactis subsp. lactis KM

Ped. pentosaceus JCM 5885

Str. thermophilus 2330M2

Lb. casei ATCC 393"

Lb. casei L-49

Lb. casei NIAI L-14

Lb. casei NIAI L-54

Lb. delbrueckii subsp. bulgaricus 7235
Lb. delbrueckii subsp. lactis 1135

Lb. gasseri JCM 1025

Lb. paracasei subsp. paracasei ATCC 25598
Lb. paracasei subsp. paracasei 34143
Lb. paracasei subsp. paracasei 34143S
Lb. plantarum 301102

Lb. plantarum 6214
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83
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