\.Journal of

.\\ ‘Biomedical and

\\\ Translational Research
) PISSN 2508-1357 €ISSN 2508-139X

Original Article

J Biomed Transl Res 2022;23(3):55-65
https://doi.org/10.12729/jbtr.2022.23.3.55

L)

Check for
updates

Comparative antimicrobial activity of human
and monkey origin lactic acid bacteria on
simian enteric bacteria

Phil Yong Kang'?, Kyung-Hyo Do', Bon-Sang Koo**, Wan-Kyu Lee'

"College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea

®Futuristic Animal Resource Center, Korea Research Institute of Bioscience & Biotechnology, Cheongju
28116, Korea

®National Primate Research Center, Korea Research Institute of Bioscience & Biotechnology, Cheongju
28116, Korea

*KRIBB School of Bioscience, University of Science and Technology, Daejeon 34113, Korea

Received: Aug 24, 2022
Revised: Sep 2, 2022
Accepted: Sep 2, 2022

*Corresponding author

Bon-Sang Koo

National Primate Research Center,
Korea Research Institute of Bioscience
& Biotechnology, Cheongju 28116,
Korea

Tel: +82-43-240-6314

E-mail: porco9@kribb.re.kr

Wan-Kyu Lee

College of Veterinary Medicine,
Chungbuk National University,
Cheongju 28644, Korea

Tel: +82-43-261-2960

E-mail: wklee@cbu.ac.kr

Copyright © 2022 Research Institute
of Veterinary Medicine, Chungbuk
National University. This is an Open
Access article distributed under the
terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

ORCID

Phil Yong Kang
https://orcid.org/0000-0001-5927-7766
Kyung-Hyo Do
https://orcid.org/0000-0001-6080-0374
Bon-Sang Koo
https://orcid.org/0000-0003-0799-9497
Wan-Kyu Lee
https://orcid.org/0000-0001-5087-6359

Conflict of Interest

No potential conflict of interest relevant
to this article was reported.

http://www.jbtr.or.kr

Abstract

Lactic acid bacteria as probiotics are intensively used in human and animal species. These
probiotic properties of LABs were variable according to bacterial strain and species. However,
there was limited information on probiotic properties of monkey origin LABs. In this study, we
investigated the antibacterial activity of monkey and human origin LABs against monkey ori-
gin enteric bacteria by the agar disc diffusion test and broth culture inhibition assay. All LABs
represented enough tolerance to pepsin (0.3%) and bile acid (pH = 2). To 50% of Clostridium
perfringens and 20% of Escherichia coli, monkey origin LABs showed statistically higher anti-
bacterial activity compared to human origin LABs (p < 0.05). Also, distinct antibacterial activity
was verified among some bacteria species and strains. Higher antibacterial activity against
enteric bacteria except for C. perfringens was verified in Lactobacillus johnsonii strains com-
pared to Lactobacillus reuteri and Lactobacillus salivarius. Statistically different antibacterial
activity against C. perfringens was verified among strains within L. reuteri and L. johnsonii. In
conclusion, we prove the higher probiotic properties of monkey origin LABs against homoge-
nous enteric bacteria although humans and monkeys were phylogenetically similar species.
For non-human primates, homogenous LABs should be used as probiotics, not human origin
LABs. Furthermore, it was confirmed among monkey origin LABs, L. johnsonii showed a high
antibacterial activity on various enteric pathogenic bacteria and was an appropriate lactic acid
strain for inhibiting C. perfringens.

Keywords: probiotics; Lactobacillus johnsonii; Clostridium perfringens; Haplorhini; Compara-
tive study

INTRODUCTION
I =2Hko] @ E A (probiotics)= A8 A5 Al 701 ERS F= Aok s MBERE A
OHt}, ZZ2Ho]QEA 32 o|&EHE FQ UAAERZE Lactobacillus, Bifidobacterium,

EnterococcusSt 22 ZAXHlactic acid)S A= §AME Leuconostoe, Pediococcus, Bacillus
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A= S|ty SAeky, HAsHH 0 7 Al 7R 7k A AL E%}_oi
AW @A A AR CE FHASHA thget A58t At Fofol] o]-&F 1 itk FF= A
% FEofl w2t o (wild), ¥F AW ARS(semi-captive) H AU As(captive) BE = ;7-@54
of ARSI Ut 11 5 APEOE 2 AMEIL Sl AU AR FAFOIA= 9UEB Y
g AARS(idiopathic chronic diarrhea), 9] B35 W 1A (gastric dilatation and rupture)
o] ¥ At HAL] YRl =, oJEtA 0w W E'XﬂE 40 7]3 AHH6-8]. ]ad' !
L2 FRA| ARG, AEH A, SR AE YR HIHAAN(Clostridium perfiingens) 4
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MATERIALS AND METHODS

Fihd ¥ Y UM
ol ol ol&H A Rl FAES FEUSHL oISt Aot A Al A
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o] EHo g HE B3t f-Akdt(Leuconostoc mesenteroides, Lactobacillus plantarum,

Bifidobacterium longum, Bifidobacterium breve, Lactobacillus sakei) & S5v+5 £ wo}

Adlo] ol-&siitt. 7 Fl FAES A BE AT F7FYAFAE Yol A
2<% 9 Ysol(Macaque fascicularis)®] Y EHOZHE gt g4t & 15 45
(L. reuteri[3F), Lactobacillus salivarius[35*], Lactobacillus johnsonii[8F], Lactobacillus
mucosae[1F])E o835ttt Aol AFHEE IR FH =8 HA AU A2 =8
B AT F7FFARAEANA AR Sl T HARS Y] Y5 Hole EEd 9%
of &% B A HARE ZfAoIA A AL B oH] §4L Hole 9T A4 £
2|5t ETEQl WA AWAITE C. perfiingens(45F), Escherichia coli(55), Citrobacter
freundii(15), Salmonella Enteritidis(15%), Staphylococcus aureus(15%), Proteus mirabilis(1

#) % 629 137 252 0|83t

HHX] & HHQE

FARF S 915l -80T W5 E:H F5E De Man, Rogosa and Sharpe(MRS; Oxoid,
Basingstoke, UK) 24| ¥iZ]ol 37T, 24A17F 7] vlFoto] AREsAaL, Abd frefo] fAkt
% B. longum} B. brevei= 48A|7F @ 7] HijFsto] ARESHiTt. Aol ARERE A AUiAl
o % C. perfringens+= Brain Heart Infusion(BHI; Oxoid)°ll 37T 48417t &<t 7] wigst
3L, S. Enteritidis, S. aureus, P. mirabilis<= Tryptic Soy Broth(TSB; Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) HjX|E o]-&s}o] 37T, 24417t @7] vjFsto] Ao
ARESEITE. E. coli= TSBOl 37T, 24417t 37] vijgsto] Aol AR&stelth. A7) 45
E2 EZ container system(Becton, Dickinson and Company)©]l Anaerobic GasPak(Becton,
Dickinson and Company) ©]-8-5t0] @7] 27 3/dste] sttt

215 M Xatd HIAE

4l -8-9(Sigma-Aldrich, St. Louis, MO, USA)= "B+ Dulbecco's Phosphate-Buffered
Saline -&%(PBS; Welgene, Gyeongsan, Korea)< ©]-&5t0] €55t & @4+ 84S H7fsto]
ZZE 0.3%w/v), pH 2.0 P4l M-S A 23 ¥ 0.22 pm AHA] BE|E o]-8olo] SHS
ot T ARG AR Y] fARE SeEet ST Rl Ak 155 MRS Hi
Ao A 24A17HLactobacillus spp., Leuconostoc spp.) X 48X Bifidobacterium spp.) E71
HjoFskar Az G N 9 mLg SAF HiFH 1 mL(2F 107 colony forming unit; CFU/
mL)# okl 272 PBS -84 9 mLoj| -4kt 1 mLE FEsto] 37C oA 3At &
ot RESAIZTE. 1% A oflAf ui Rt fAktS 103 31418 T LBS(Lactobacillus Selection
Agar) Bl A (Becton, Dickinson and Company)©ll 100 uL #33}11, spreaders A3l =
3t & 37T oA 24X Lactobacillus spp., Leuconostoc spp.) D 48X X Bifidobacterium
spp.) B71 BlY & AFFE SHII & A S 7|E0] B BE dF HYygst

o] 3YSHAT5].

iz

T 959 AFA HAEE 7|E HHS HYsto] £PSFATHS5]. MRS HiFHo] Ox
gall(Sigma-Aldrich)E H7Fsto] 0.3%(w/v) B5%-E& THE1L, 900 pL U5 F5do AR 1
o] SAE 5HFL I-F G SAE 157FF2 MRS iAo A 24A17HLactobacillus
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spp., Leuconostoc spp.) 2 48A1ZH(Bifidobacterium spp.) 871 Bkl 2 100 pL HEsto]
37CoIA 8AIZE FRE HESAIZ O™, TR MRS &4 900 pLofl fittsE 2+ 100 pL
AEsto] 37ColA 8AIZE Bt Bl FsHATE Q1E EEAolA Bt FAES 107 345t
o] LBS 8i*](Becton, Dickinson and Company)©ll 100 pL £5+5}1L, spreaders AR&-5l0] T
I & 37CoA 24AZKLactobacillus spp., Leuconostoc spp.), 48X1ZH(Bifidobacterium spp.)

R e s

Agar disc diffusion assay Z4AHH

Agar disc diffusion assay= 7]& =50 A 2% Agar well diffusion assay H'HS M3
sto] g5t 11]. AR Fae] fAlt S5e5et I+ 9] 4kt 15955 600 nm
oA FE%= 0.220% 752l 9 mL MRS &H0]| 1 mLA FE3 & 24AZHLactobacilllus
spp., Leuconostoc spp.) H 48A1ZH(Bifidobacterium spp.) BlFsIA . viFA-S AAE
(4,000x g, 4T, 10%) oto] ASHES AFT 2 0.22 um AAA| EE o]8sto] Hatd 4
SHE H o1} Muller-Hinton(MH, Sigma-Aldrich) Bi2]ol| TSB(E. coli, S. Enteritidis,
S. aureus, P. mirabilis) 2 BHI(C. perfiingens)ol A ¥igst ¥4 A HAlw-2 100 uL 5
& spreaderS ARgsto] sl 2249 plated HwtH 0.65 mm 719] disc 8715 714
of| gHA v st 1709 discE plate®] SUl FIiL R0 & SEolth FA A5
+5 2709 discoll 22} 30 uL £33, plate 599 discoll= MRS HiFHS B35 &
37ColA 48417 Bttt BiF & disc FHOZ F5HA /== A EHinhibition

zone)?] A5 ZH5H3Th

Broth culture inhibition ZAH

B UMl et At FHFE T AFA S floto] 71€ Had W
& Wgsto] £yt 11]. fAREFE 600 nmolA S8%= 0.2202 A%eE & 9 mL
MRS &Ho] 1 mLA HZE3E & 37CoA 24A1ZHLactobacillus spp., Leuconostoc spp.) 2
48X1ZKBifidobacterium spp.) B7] WGt MY YAEE|(4,000x g, 4T, 108)E
AAGE T A AFSFAAL 0.22 um AHA] BHE ol-§oto] B+ J5AS H I3
TF. 5 mL TSB, BHI B o ZF ¥4 AliAletS 200 pLA HSskal, ikt 459
1 mL HE5t0] 24A17 ) 48A17F v F & 242y B34 = Al(Epoch, BioTek, Winooski, VT,
USA)E ARE-5to] 600 nmoflA S3=E S5kt

SHEA

o]t A% 9] = AVH= GraphPad Prism, version 8.4.3 £ X E 9]o](www.graphpad.com)
£ o]gsto] ZF T1F 7t SAISH 0. 2 {2 u| gt A}o]E Mann-Whitney U test < 53] 2
A5kt
RESULTS

T 9 A 9 A2l e AF FGH = 2) D BEA0.3%)°] et Aol
ZAVSITE A o SARE SR} AR 99 SAE 158FE AF 9] 34]
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ZF 59t AEjst A3, BE 10° CFU/mL o149 Al S5 HElow gEHolA 8AI7 H
¥ T AT E AT fY BE fARESFE 107 CFU/mL o149 Al 527t S =it
ool thet QIF A1 B G5 Aol o3t HAE&-E thdstA S = UK Table 1).
2l 2] A T FE HAFES 25 90% o9 Aol BESA o AR &

& A F L. plantarum= 77.5% BEEE Bo] AgAdo] okt Ao 2 SH= Q) dt
o T2 8AIRE A2 Al AR - ikt B 80% o] AEES UE
i) Tl AREFE 5 L. johnsonii(LF1)S} L. salivarius(10528)= ZYZ+ 75.9%2k
75.6%%= Aol oFet A o= S = UK(Table 1).

Agar disc diffusion assay @l 0|8 47| &t g1t Hlu 24
Agar disc diffusion assayE ©]-&sto] Al & fARFGHT) 2 A7 7 FARH15

499 C. perfringens(4tF), E. coli5dF), C. freundii(13-=F), S. Enteritidis(15=F), S.
aureus(1545), P. mirabilis(19+5) & 13+ HA iAol thet It A5 57513
o, A Kinhibition zone)& ERH F0] A &L F7goto] S FRIottHTable
2). 11 A}, hFE O] GARFEC] C. perfiingens w5 & CP4412 A|9J%t CPO03, CP725,
CP638 5= HisiA e UEtdl= A o= SRl A f39] Akt 5 L.
plantarum®] 73%-0l= C. perfringenss A 22t 972 A FHAlT 5 32A, 1307A(E.
coli) 75 At 7etFol tish Pt UEh AR fE9] fiE 5 ol 78 H
ot Ao = ystylth 12yt Al fEe] RAE L mesenteroides<= A AW At 9

i

Ol

Table 1. Tolerance to pepsin and bile salts of lactic acid bacteria used in this study

Pepsin Bile salts
Species Strain Control Treatment Percent Control Treatment Percent
(Log CFU/mL)  (Log CFU/mL)  Survival (%) (Log CFU/mL)  (Log CFU/mL)  Survival (%)
Leuconostoc mesenteroides LM 8.2 7.8 94.4 8.8 8.0 91.3
Lactobacillus plantarum LP 10.4 8.0 775 9.2 8.5 925
Bifidobacterium longum BL 8.7 75 86.2 8.9 7.6 85.4
Bifidobacterium breve BB 8.5 7.3 85.6 9.5 8.0 84.5
Lactobacillus sakei LF2 8.8 8.5 96.9 9.3 8.0 85.8
Lactobacillus reuteri 1052R 8.7 7.9 91.7 93 8.2 88.0
118R 8.4 7.0 82.8 9.4 8.0 85.5
1068R 8.7 8.3 95.6 9.4 7.7 82.2
Lactobacillus salivarius 10528 8.6 8.4 97.4 9.5 72 75.6
10578 8.8 8.0 91.0 9.4 75 80.1
10818 84 84 99.8 9.4 8.3 88.5
Lactobacillus mucosae 702M 8.6 8.5 98.5 9.5 8.0 84.1
Lactobacillus johnsonii LF1 8.5 8.3 98.2 9.2 7.0 75.9
118J 8.9 8.7 96.8 10.3 8.8 85.8
702J 8.8 8.2 93.8 9.4 8.7 92.7
117J 9.0 8.9 98.6 9.9 8.0 81.5
1068J 84 8.3 98.4 10.4 9.2 88.4
1021J 9.0 8.7 96.8 9.5 8.6 89.8
1057J 8.8 8.1 93.0 9.4 8.0 85.2
227J 8.7 85 97.5 9.6 8.1 84.8

CFU, colony forming unit.
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Table 2. Antibacterial properties of human and non-human primates origin lactic acid bacteria against simian enteric bacteria using agar disc

diffusion assay

Origin  Species Strain Clostridium perfringens Escherichia coli Cltrobacter Sa’mone”a Staphylococcus PrOteUS
CP003 CP441 CP725 CP638 32A 107A 32B 1307A 13078 freundii  Enteritidis aureus  mirabilis
Human Leuconostoc 1) 2)

UoOnOSIO0 e LM 1407 110 125 070 - ; ; - 0.70 ; ; -
La%‘;ﬁ?g’t’,‘ﬁ P 125 08 115 125 - 08 070 - 070 100 0.70 0.70 0.80
Bifidobacterium

o BL 150 - 130 120 - - ; ; . ; ; ; .
Bifidobacterium

oba BB 130 125 095 140 - - ; ; - ; ; ; .
Lactobacillus

cloba LF2 140 - 110 145 - - ; ; - ; ; ; -

NHPs Lactobacilus ~ 1052R 130 080 150 165 085 0.0 080 090 090  0.80 0.85 1.05 0.95
reuteri 18R 135 - 135 155 070 070 070 - 090 115 095 1.10 1.05
1068R 140 - 160 150 105 100 080 070 075 075 0.70 1.00 0.80

Lactobacillus LF1 155 - 140 150 095 075 070 075 080 0.0 075 110 1.05
Johnsoni 118 130 - 135 145 075 080 080 070 070 125 0.70 0.75 0.90
702) 130 090 160 135 075 095 105 080 080  0.70 0.80 0.85 0.90

17 135 - 150 155 080 080 095 075 08  1.00 0.70 1.05 0.85

1068) 135 - - 150 080 100 070 080 090 125 0.80 1.00 0.95

10210 125 085 140 125 075 100 080 - - 135 0.70 1.00 1.05

10670 145 - - 130 085 085 095 080 08 070 0.95 1.20 1.10

27 120 - - 125 075 095 075 070 070 095 ; 1.05 0.95

Lactobacilus 10525 155 - 120 160 090 090 085 090 090  0.80 075 1.00 0.85
salivarius 1057 150 - 120 165 080 090 080 100 - 0.80 0.75 1.05 0.90
1081S 140 - 105 135 075 085 090 090 070 085 0.70 0.80 0.90

Lactobacilus 70o0m 150 - 140 155 070 090 090 085 070  1.00 0.85 0.85 105

" Diameters (cm) of inhibition zone.

2 - no inhibition.

NHPs, non-human primates.

60 | http://www.jbtr.or.kr

5 F 32A(E. coli), CF(C. freundii) 27520l oA et -2 YeFHAL, B. longum, B.
irabilisol Hol 2

/g iAol S St

breve, L. sakei= E. coli, C. freundii, S. Enteritidis, S. aureus, P. m
Holx] 23t} Q7 RS FARES E. coliE HIET He e
g Hol= A& g2l 5 A
Broth culture inhibition assay B TS(species) U @F(strain) 2t Skt
S4t H|w 2M

A 2 AR FE ARY 5 e 1Y R v F5T 29 AF A

AHtol C. perfringens 2952} E. coli 15450 Yol BATH 02 F-2ln =2
AE Hol= A 3018l tHFig. 1 and 2). L&Y C. fireundii, S. Enteritidis, S. aureus, P.
59 WY iAol gt ot Byto] Zol= T A] ekttt
PLF A HAA Aol st S-AWtE(L. reuteri, L. johnsonii, L. salivarius) 7t
O] = 2 Pt RIS H| W BA%E A3, C. perfringens©l A=
fAhFES 7] 794 e Bt B3 Zol7f WA gtont, 7IE o e FUAl
“HE. coli, C. freundii, S. Enteritidis, S. aureus, P. mirabilis)o| Xl SAZ L2 F-2Ju|slA| L.

mirabilis
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Fig. 1. Antibacterial activity of lactic acid bacteria against Clostridium perfringens using broth culture
inhibition assay. These strains including CP003, CP441, CP725, and CP638 belong to Clostridium perfringens.
"p<0.05 " p<0.01. OD, optical density.
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Fig. 2. Antibacterial activity of lactic acid bacteria against Escherichia coli using broth culture inhibition
assay. These strains including EC107, EC32A, EC32B, EC1307A, and EC1307B belong to Escherichia coli.
" p <0.05. OD, optical density.
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Johnsonii7t 2 Tt IS Hol= A22 FRIE I tHTable 3 and 4). ©]9t &2 &y}t
Atoli= Al 9] Akt S Hl WO A & RIS 4= ISt

TYE WA FabtF 7] P+t &3} Aol & vl Ao A= L. johnsoniiol &5t=
5= 7t C. perfringens©l HiRt @t A1} Zo|E ERIT o= W, L. reuteriol &5h=
w5 2H] C. perfringens©ll W3t It B3} ZFolE SRl 5 UAA|TE, 7]E HhE HAA
WAIH(E. coli, C. freundii, S. Enteritidis, S. aureus, P. mirabilis)®l oA+ 5LF el o
5 7] g+t B} Apol= WEE X ATt
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Table 3. Statistical difference of antibacterial activity against Escherichia coli among Lactobacillus spp. using broth culture inhibition assay

Escherichia coli
LAB" EC32A EC107 EC32B EC1307A EC1307B

24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 24 hr 48 hr
Lactobicillus Lactobicillus

reuterii johnsonii 0.63 0.92 0.92 0.78 >0.99 0.53 0.53 0.50 >0.99 0.19
Lactobacillus Lactobicillus

salivarius johnsonii 0.63 0.08 0.01 0.01 0.30 0.50 0.08 0.53 0.63 0.63
Lactobicillus Lactobacillus

reuterii salivarius >0.99 0.70 0.40 0.10 >0.99 0.70 >0.99 0.70 >0.99 0.30

The values are indicated as p-value by Mann Whitney test.
LAB, lactic acid bacteria.

Table 4. Statistical difference of antibacterial activity against simian enteric bacteria among Lactobacillus spp. using broth culture inhibition assay

Citrobacter freundii Staphylococcus aureus Salmonella Enteritidis Proteus mirabilis
LAB CF102 SE508 SA304 PM1022
24 hr 48 hr 24 hr 48 hr 24 hr 48 hr 24 hr 48 hr
Lactobicillus  Lactobicillus
reuterii johnsonii 0.08 0.13 0.92 0.5 0.05 0.05 0.92 0.5
Lactobacillus  Lactobicillus
salivarius johnsonii 0.01 0.13 0.02 0.19 0.01 0.13 0.01 0.08
Lactobicillus  Lactobacillus
reuterii salivarius 0.7 >0.99 0.1 0.3 >0.99 0.4 0.4 0.2

The values are indicated as p-value by Mann Whitney test.
LAB, lactic acid bacteria.
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