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Helicobacter pylori infects the mucosa, induces chronic inflammation and ulcers, and is known as
a biological carcinogen. Antibiotics are used as therapeutic agents for H. pylori, but there are problems
such as resistance. Thus, research is being conducted on the use of lactic acid bacteria (LAB) as
an alternative therapeutic agent. There have been many studies on LAB related to kimchi. However,
studies related to Gajami Sikhae, a traditional fermented seafood in Korea, are insufficient. In this
study, we investigated the inhibitory effect of LAB isolated from Gajami Sikhae on H. pylori and
its use as a probiotic. Forty species of LAB isolated from Gajami Sikhae were identified as Lactobacil-
lus plantarum, Lactobacillus brevis, Leuconostoc mesenteroides, and Weisella paramesenteroides, and
10 strains of 40 species were selected through liquid inhibition assay of H. pylori. The selected LAB
supernatant at 1%, 5%, and 10% had a growth inhibitory effect on H. pylori 52, 51, e-53, and 309.
The adjusted pH of 7.0 was used for the LAB culture supernatant, in reference to a study that the
growth of H. pylori is affected by acid. All 10 strains of LAB at 5% and 10% concentration suppressed
the growth of H. pylori 52, and 7 strains of LAB at 10% concentration suppressed the growth of
H. pylori e-53. LAB also had the effect of suppressing the activity of urease. Finally, LAB isolated
from Gajami Sikhae is expected to be useful for eradicating and preventing H. pylori.
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Table 1. Primers used in this study
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Species Sequence Target size (bp)

L. brevi F GGA AGA TCA AGA ATA TCG GTG 1361
- DICVIS Sp- R GCG TCT CTA ATT CAC TGA GC

L. plantarum s F GAA GAT TTG CCC ATC GGT G 1113
- P p- R CGT TTG ATG GTA GCG TTG C

Lc. mesenteroides s F GTG GTC ATG GGT CTT AGC 886
’ p: R GGA TCA AGA CTA GCC AAT GG
. F GCT GAT GAA CCC ATA CCT C

W. paramesenteroides sp. R GAC CTG ATT CGC TCG TTG 641
. F CTG GAG AGA CTA AGC CCT CC

H. pylori 165 rDNA R ATT ACT GAC GCT GAT TG T GC 1o

AL
ZhAbe) A Bl (£ i) < HEE

AtE B3k st AE-2 RISS AA 2¥ F
olt}. o] F Aafol] g A
e B ATE 3=

oo B A= H pyloris ﬁX‘HOHE MNZE At
AE MTetr] sl AFLa2Fd 7 A =2 5H
89 2F] H pyloricdl A d+ BHE AL
A @,

Mz Y

L2

Al 2= U B =A

B Ao ALH H pyloric EF75 H pylori 52, H.
pylori 519} 97 E2lFF2 H pylori e-53, H. pylori 309,
H. pylori 26695, H. pylori G88026, H. pylori PEDF376-3-1%
ZZdstn Aty A2 BT SPoER
B A &80}, 10% horse serum (Sigma-Aldrich, St. Louis,
MO, USA)3# agar 1.2%7} 349 brucella broth (BD, Fran-
klin Lakes, NJ, USA)E ©] &3] 37°C, 10% CO, incubator
(Sanyo, Moriguchi, Osaka, Japan)ol| A 7247t &<t 1| 5.7
Ao 2 Hjgstdt. BE FF+= A% A Polymerase Chain
Reaction (PCR) (PCR Max, Stone, Staffordshire, UK)2 ©]-&
3 =3k & Aol A&t AHE-F primers KIBIR
(619 ATE Faste] A8 L, Table 17 2T

N

Rikm HiQF AISAO| M=

Z4kt T A kol AR&-3t+= MRS #i A A tween
80, sodium acetate®} -2 A& H pylori A4 AA T
T AT Lee$} Chang®] AT (1215 Faste] 9 F 7HA
AES AL e HE MRS brothE A 2Fste] Aol ALE-

H =
AU
S O
==

3} TH(Table 2). 7}2H0] 2] 50 oﬂ /\1 lﬁia] 3 AAFEE W
MRS HiA|of] 1% H]'—gi Az 7
23] ﬁlfHHHOkOP‘RiB} %

N
HHS & 045 pm syringe filter (Hyundai Mic., Jung-gu,
Seoul, Korea)2 o] #3te] A Z3ATh 5 pHE
3.38~4.362. 2 UENE O™, H pylori®] A5o] 4hol] Gk
< Bete ATI5 1618 Falste] pHE 2 eHA] ¢

Fl

A5 AT 0.1 N NaOHE ©]&3t] pHE 7.00.8 243
FEds A A7 Agste] vl

Mot HiQF ASHO| H. pylori B4 AN 1t

Solid inhibition assay@ At vieF JE N o] 78S
ZA437] {38l 752 H pyloriol I3l paper disk® < o]
St Ad-S A AT Brucella agardll H. pyloris 724
Zt st H, pellet?t Eo} pH 7.0%! Phosphate buffered
saline (PBS)oll 21 A& 3}tk PBSOl AAES H. pylori

FFE 1x10° CFUmMIZ 283t 200 pl E0¢ ¥, 4
&k 8 mm paper disk (Advantec, Taipei, Taiwan)oll Z4kd3
W 5 HE 100 wE FY3H Brucella agarol] 284
713 72413 vt F AAAFE S A S(clear zone)<
7] mm G ZE SA3A T Liquid inhibition assay
H. pylori #5%5 1x10° CFUmIZ Z2&3to] 2+2+e] g py-

Table 2. MRS used in this study

Ingredient Amount (g/l)
Proteose Peptone 10
Meat Extract 10
Yeast Extract 5
Glucose 20
Triammonium Citrate 2
Magnesium Sulfate 0.1
Manganese Sulfate 0.05
Dipotassium Phosphate 2
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lori Tl 1052 Bt W 5 He 47 1%, 5%,
10% (viv)E 718t 39 &<F 24413 2PH S 2 gpec-
trophotometer (Biochrome, Cambourne, Cambridge, UK)E
o] &3 600 nmoll X FF=E FAHsAT. 2z Atvitk
vl A5 S HA7behA B2 A A0)H MY FsdS
%EZ H7HgE FHADNS 600 nmol A FFEE S35}
G, JA &L ¢ Al4H[Inhibition rate (%) = (1

/ A0) x 100]°ll whe} A4ttt

Hikw HH%t ASHO| H. pylori urease €M X 51}
case DAl gk R4k 5] Al &7

213l phenol red method [14]°] w2} urease®]
FSA T} Liquid inhibition assay®} Y 3tAl H.
pylori TFE 1x10° CFU/mIE 243t 2+2+e] H. pylori
Aol 10F2] Ak MieF s de A2 1%, 5%, 10%
vv)E 713t vl 31 ). Urease reaction bufferf= 1
ArEE o 20% (w/v) S84 (Duksan Chem., Ansan,
Gyeonggi-do, Korea)2} 0.012% (w/v) phenol red (Samchun
Chem., Pyeongtaek, Gyeonggi-do, Korea)E &3 A|71 & pH
£ 658 A3t AxstATh vl AFEAS 244
s

i3
2
tlo
J[N'
1ﬂl %‘; = E

= AABIEE 37°Co A 1417 bl
sHE HlshA e FH A0 vl
FedE %AE H7ME #HADS 560 nmoll A FHE
E =439t JAS-L v Al4H[Inhibition rate (%)
= (1 - Al / A0) x100]°l whe} Alxkst St

e F N AEAS

.{

SN Zd ZAL

YA A B A A2 2019 Clinical and La-
boratory Standards Institute (CLSI) guide line M100-S29%}
European Committee on Antimicrobial Susceptibility Testing
(EUCAST)E ZaatAth3, 4]. Althuld3t 22k )
A 1x10 CFU/mLZ Y9+3=31 MRS agaroll t‘ﬂo}oq 24
AR Wl & 105 FAA e dg AA 715
Aot g S BASATHIL AR’ A Xﬂt
ampicillin (AM, 10 pg), cephalothin (CF, 30 pg), erythromy-
cin (E, 15 pg), rifampin (RA, 5 pg), streptomycin (S, 10
ug), trimethoprim-sulfamethoxazole (SXT, 25 pg)< Sigma
(Sigma-Aldrich, St. Louis, MO, USA), nalidixic acid (NA, 30
ng), tetracycline (TE, 30 pg)< MBcell (Kisan bio., Seocho-
gu, Seoul, Korea), chloramphenicol (C, 30 pg)< Duchefa
(Duchefa Biochemie B.V., Haarlem, the Netherlands), kana-
mycin (K, 30 pg)< USB (USB corporation, Cleveland, OH,
USA)o|th.

SAHANE|

AL FP3te] dojxl A2, FAEA-2 SPSS (Stati-

stical package for Social Science, version 25, SPSS INC.,

Chicago, IL, USA) Z 27138 o] &3ttt AA Al F9

3l 2jolo] EAR GolAlS Balkao g B3ty

Zk A& Zke] Aol Tukey®] 8 Aot @X4(Tukey
5

HSD tests) 2.2 5% % 2](p<0.05) U]l 4 AR &S
Assanh
2 Y o

H. pylori X &&E I8l
7HAE A 2 5 BEl gk A4t 405 1R 4
F40F =5 27 FE(He] e E YERAL, S50CHL
API kit (date not shown)$} 16s rDNA sequencing 23 5~

+ Lactobacillus plantarum spp., Lactobacillus brevis spp.,

JHRiOIAMsH 22 Hatz

Leuconostoc mesenteroides spp., Weisella paramesenteroides
spp. 2 WS AT Bl 4052 Z4HF F liquid inhibition
assay = B+ H pylori A5 A 4 AHANA H pylori
52¢] thste] A& AAE Hols 1059 A4S Ads)
G, 247 L. plantarum GS11, L. plantarum GS12, L.
plantarum GS13, L. plantarum GS14, L. brevis GS21, L. bre-
vis GS22, Lc. mesenteroides GS31, Lc. mesenteroides GS32
3} W, paramesenteroides GS41, W. paramesenteroides GS42

2 HF Wrste] Aol A-gskait

HAT Wi MSHO| H. pylori BA AN F1t

Solid inhibition A ¥}+= Fig. 13} 2Tt EFHF
51, H. pylori 522} 47388l H. pylori e-53, H. pylori
3095 AL 3Fe AR FT H pylori 26695, H. py-
lori G88026, H. pylori PEDF376-3-10| 4 Zlakd wjof 4%
Aol AFAAZS FHEEY F =, ol= H pyloriZt
7= E4J0A 59 54 Ao] WEd Ao AzH
o 4% H. pyloridl A tiZ&T<%] MRS Bﬂﬁ”ﬁz] o A Ay
ol

T H. pylori

FAA o] YEhA] 42 Aol Hla] g F Aokt
ik A E5HAA BE H pylorioll 11 mm °l*obl A5 A
o] JFE A, H pylori 51914 L. brevis GS22, Lc. mes-

enteroides GS313} H. pylori e-53°1 A1 L. plantarum GS11,
Lc. mesenteroides GS32°14]1 14 mm A =2] A& A §o]
FZH AT AT BE H. pyloriol A L. plantarum GS12,
L. plantarum GS132 A F5HA| ko] B2 =R ok,
°|& H. pylori®] 474 2 pH7} 6~8%) A= Ko} L
plantarum GS12, L. plantarum GS139] 735 pH7} 247zt
436, 4281 Zlo| P& ¥ Z1ow FHF At Liquid
inhibition 23 ZE H. pylorie= W& Aol oJEH o=
AR, H pylori®] T79 Zitdt 45d w529 F
ol whe} A3&o] T2 A EFstth(data not shown.). ™
Z7%0 MRS A= ASAA 7 YEhA ekt om,



14.0 A

._.
i
o

2

=2

._.
o=
=

8.0

Inhibition zone size (inm)

6.0 A

4.0 A

2.0 1

ND ND ND

0.0

Modified
MRS

GS11 GS12 GS13 GS14

ab

GS21

Journal of Life Science 2023, Vol. 33. No. 3 263

BH pylori 51 @H. pylori e-53 BH. pylori 309 @H. pylori 52

o
c
(=2

A R N

R T R R
A R R R
A R R R

GS22 GS31 GS32 GS41 GS42

Strains

Fig. 1. The anti-H. pylori activity of cell-free supernatant of the isolated strains by solid inhibition assay. The data were expressed
as the mean = SD (n=3). Means with differed letters (a-c) above the bars in the same material are significantly different

at p<0.05 by Tukey HSD tests.

T2AZY 3 H. pylori 51, H. pylori e-53, H. pylori 309, H.
pylori 52914 & ALkt HF 557 sold & A
sl &0l S7FskAAL, 10%E HES M FY o] A3 &0l A.
pylori 5 et Fdl 67.3~90.3%=Z el tH(Fig. 2).
H. pylori 5194 L. plantarum GS14, L. brevis GS22, Lec.
mesenteroides GS32+= A4t &5l 10%014 82% ©]7,

Lc. mesenteroides GS31-2 77.2%2] A3l &< X S H(Fig.
2A), H. pylori e-53° A Lc. mesenteroides GS32, Lc. mesen-
teroides GS313} W. paramesenteroides GS41°] Z+7Zt 90.3,
86.1, 83.0%°] #3ll&< YEFATKFig. 2B). H. pylori 309°]
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Fig. 2 The anti-H. pylori 51 (A), H. pylori e-53 (B), H. pylori 309 (C), H. pylori 52 (D) activity of cell-free supernatant of
the isolated strains by liquid inhibition assay. The data were expressed as the mean+ SD (n=3).
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67% ol’&2] A& &S JEFAth(Fig. 20). H. pylori 52%
L. plantarum GS113} L. brevis GS22901 4 22} 80.2, 88.5%
9 A&S TEE & A ATH(Fig. 2D). Solid inhibition3}
Z+o] liquid inhibitiono| = H. pylorie} Bkt F5Foll w
gt As) a7t 2o S AT & AU Solid
inhibition®l| 4] A F A gto] FAEH A FUT L. planta-
rum GS129} L. plantarum GS13°] liquid inhibition®l] A =
Al &7E 717 Ao 2 §e u i F5de e
g S22 gako] Solid inhibition A¥}o] IS F A
o2 Bty Aoz HAFS Wi u YitE =
A3 EE Fol H pyloriol g &+ E3E 7HA L
7 Z Akt vtk g2 AR S B2 O] A4 A= met

>

rl

H. pylori®] A7 9&& 51, H pylori®] FFulth A
dEe A=V 98 A2 AZE

pHE EASH HAkR B ASHO| H. pylori A AH|
k=inl}

Midolo 5{15]°] pHS} f+714k0] H. pylori©] 2459l v
@34'01]"1 ko] M w2 oA &
TS FE oEX O 2 H pylori
Bastloh webA H. pylori
24 59 fr7)4kel
002 RATJ ZAAF A
Qlsl7] Y&l A A% solid in-
obFA = Hrtat
A go] VERA] exsgk
,_Hf F5N2 H pylori 513+ H. pylori
ALlstae= a3t minls] As| &3rt
UERIA ko H pylori e-533+ H. pylori 521 T3 A
= oA 297} 9;1% o2 YEBtRt. H. pylori e-53-&

140 4

o
(=]
1

6.0 +

Inhibition zone size (mm)

0.0

Aokt Aol A 11.0 mm o] Fe] A5 A ghol
@RI, Le. mesenteroides GS322}F W, paramesenter-
oides GS412] 7Z%-ol& 11.9 mme] A &J A So] A=
ATt H. pylori 522] 73-%-9l= L. brevis GS213+ W. para-
mesenteroides GS41-& AH-83F AAibd 45 HoA = A5
AA o] #FHA &kar, YA bt Fo] AT ol
A1 9.0~12.0 mm®] ©¥FF Z7])o KA g FEHT
= AT} Solid inhibition N4l A8 & Ho|X &d H.
pylori 513} H. pylori 309 € T} liquid inhibition®l] A = =] 3]}
BAE AT F den. thz7 21 MRS HFH]A| oA
& AEqAge] YelA] @434t Solid inhibition 2 3}
A& Bl H pylori e-533 H. pylori 52 ¥l ¥ o] pHE
AR Akt Aede 44 1, 5 10% (vw) S A3
EE H pyloriv= Wl Azt oJEH o2 JAetH o,
H. pylori 529 pH 7.0%] R4t 45 5% HAE AS
At YA i A5H 1%, 5% BF H pyloris
AN A 71 A EATH(Fig. 4). H. pylori e-53° 354 10%S
AFsAe o, a5
GS22, W. paramesenteroides GS41& A 23k 752] HA4
0] 6.6~29.0%2] A& &S EATE H pylori 52 EE 3
bt g 5% 10%1M As) &37F B 53
10%N A L. plantarum GS11 50.3%, W. paramesenteroides
GS42 54.2%, Y A| 82| Blakatoll A 42.5-48.5%2] A
&S Uetls AL &AT 5 A Solid inhibition
Aol A S GAZo] FZE QS liquid inhibition]]
A AFAAZE BEHA RS AL HF sx ©HE A
o7 FZHEH, HFFo] 10%A ZAibFo] T F H py-
loridll & Al &< HA=H, ole it e =
e S AQ)3 Yk v Edo] 23 AoE A
ZhEm, 1 Bl ok Al a7} H pylori F7oll whet

A

i i

L. plantarum GS11, L. brevis

BH pyvlor e-53 BH pvlori 52

e d d de

be cd = d | a%
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Cc
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Fig. 3. Anti-H. pylori activity of cell-free supernatant adjusted pH 7.0 of the isolated strains by solid inhibition assay. The data
were expressed as the mean + SD (n=3). Means with differed letters (a-e) above the bars in the same material are sig-

nificantly different at p<0.05 by Tukey HSD tests.
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Fig. 4. The anti-H. pylori activity of cell-free supernatant adjusted pH 7.0 of the isolated strains by liquid inhibition assay.
The data were expressed as the mean = SD (n=3). Means with differed letters (a-¢) above the bars in the same material
are significantly different at p<0.05 by Tukey HSD tests.

Table 3. Inhibitory effect of isolated strains on urease activity of H. pylori

Sample tested H. pylori 51 H. pylori e-53 H. pylori 309 H. pylori 52
Control (0%) 0.873+0.01¢ 0.884+0.01°¢ 1.144+0.01¢ 0.976+0.01°
Modified 1% 0.8744+0.01¢ 0.883+0.01¢ 1.286+0.00¢ 0.977+0.00°
MRS 5% 1 1 0.865+0.01° 0.853+0.01° 1.267+0.00¢ 0.977+0.00°
10% 1 1 0.874+0.01¢ 0.821+0.01¢ 1.19740.00° 0.914+0.01¢

1% 0.681+0.01°¢ 0.831+0.01°¢ 1.147+0.01¢ 0.900£0.00°

GS11 5% 0.5160.00° 0.68240.01° 0.962+0.01° 0.857+0.00¢
10% 0.483+0.01°¢ 0.52240.01@ 0.571£0.01° 0.857+0.00%

1% 0.856+0.00° 0.857+0.01°¢ 1.133+0.01¢ 0.94240.01°

GS12 5% 0.839+0.01° 0.827+0.02° 1.024+0.00° 0.937+0.01°
10% 0.815+0.00° 0.78340.01¢ 0.963+0.01°¢ 0.875+0.01¢

1% 0.85440.01°¢ 0.834+0.01° 1.093+0.01¢ 0.953+0.01%¢

GS13 5% 0.833+0.01° 0.828+0.00° 1.052+0.01° 0.933+0.01°
10% 0.763+0.01°¢ 0.815+0.002° 0.99340.00% 0.854+0.00°

1% 0.731£0.00°¢ 0.730+0.01°¢ 1.137+0.01°¢ 0.94740.01°¢

GS14 5% 0.673+0.00° 0.65440.01° 1.032+0.01° 0.885+0.00°
10% 0.542+0.01¢ 0.500+0.01¢ 0.848+0.00° 0.830+0.00°

1% 0.817+0.00¢ 0.843+0.01°¢ 1.058+0.01°¢ 0.95840.01°¢

GS21 5% 0.72440.00° 0.73840.00° 0.919+0.01° 0.914+0.01°
10% 0.530+0.01¢ 0.655+0.00¢ 0.864+0.00° 0.853+0.01¢

1% 0.807+0.01°¢ 0.884+0.00°¢ 1.103+0.01° 0.94140.00°¢

GS22 5% 0.695+0.00° 0.632+0.01° 1.065+0.01° 0.883+0.01°
10% 0.485+0.00° 0.500+0.01 0.547+0.00% 0.546+0.01¢

1% 0.765+0.00¢ 0.882+0.01°¢ 1.073+0.01¢ 0.94440.01¢

GS31 5% 0.669+0.00" 0.809+0.01° 1.065+0.01° 0.888+0.01"
10% 0.475+0.00° 0.511£0.01¢ 0.918+0.01¢ 0.574+0.019

1% 0.824+0.00°¢ 0.813+0.01°¢ 1.136+0.00¢ 0.96840.01°¢

GS32 5% 0.604:£0.00° 0.700+0.01? 0.723+0.01° 0.746+0.01°
10% 0.484+0.00° 0.502+0.00@ 0.576+0.00% 0.553+0.01¢

1% 0.844+0.00°¢ 0.809+0.00°¢ 1.087+0.01¢ 0.971£0.01°¢

GS41 5% 0.797+0.01° 0.715+0.01° 1.061£0.01° 0.925+0.01°
10% 0.471£0.01¢ 0.53340.01¢ 0.83620.01¢ 0.8310.01¢

1% 0.764+0.00° 0.773+0.01°¢ 1.083+0.01°¢ 0.92740.01¢

GS42 5% 0.661+0.01° 0.660+0.01° 1.000+0.01° 0.816+0.00°
10% 0.484+0.00¢ 0.510+0.01¢ 0.669+0.00¢ 0.681+0.01¢

The data were expressed as the mean+ SD (n=3). Means with differed letters (a-d) above the bars in the same material are

significantly different at p<0.05 by Tukey HSD tests.
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Table 4 Antimicrobial susceptibility test of probiotic strains from Gajami Sikhae

N Code/Disk Antimicrobial susceptibility”
Antimicrobials
potency (ug) GSI1 GSI2 GSI3 GSI4 GS21 GS22 GS31 GS32 GS41 GS42

Kanamycin K/30 R R R R R R R R R R
Streptomycin S/10 R R R R R R R R R R
Ampicillin AM/10 S S S S S S MS S S S
Cephalothin CF/30 S R S S S S S S S S
Erythromycin E/15 S S S S S S S S S S
Chloramphenicol C/30 S S S S S S S S S S
Nalidixic acid NA/30 R R R R R R S R R R
Tetracycline TE/30 S S S S S S S S S S
Rifampin RA/5 S S S S S S R S S S
Trimethoprim-Sulfamethoxazole SXT/25 R S S S S S R S R S

*Susceptibility expressed as S (Susceptible), MS (Moderately Susceptible) or R (Resistant) [1].
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