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ABSTRACT - Biofilms are complexly structured communities of microorganisms composed of surface-attached
microorganisms, where their effects on the host have been controversial. In this study, we investigated the potential
biofilm-forming capacity of Lacticaseibacillus rhamnosus LRH020 (DSM25568) by detecting genes known to pro-
mote biofilm formation. It was shown that the aggregation substance gene (asa 1) was presented in the LRH020 strain.
Therefore, we investigated the phenotypic activities of the gene asal via two methods: biofilm formation and auto-
aggregation activity. It was shown that the strain LRH020 had significantly less ability to form biofilm compared to
the positive control strain Enterococcus faecalis ATCC 19433. Furthermore, LRH020 exhibited biofilm-forming
activity comparable to Lacticaseibacillus rhamnosus GG (LGG), widely used probiotics. The auto-aggregation activ-
ity of LRH020 was also within the safe range similar to that of LGG. In conclusion, this study shows that both biofilm-
forming and auto-aggregation activities of the LRH020 are comparable to one of the most studied probiotics strains,

LGG.
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Table 1. Presence of aggregation substance genes in LRH020'"

Toxin Toxin genes Presence of gene (Y or N)
N
Aggregation Y
substance N
acs10 N

Y: Yes, N: No

Table 2. Biofilm and auto-aggregation activities by E. faecalis ATCC 19433, LRH020, and LGG

Biofilm OD at 595 nm

Auto-aggregation activity (%)

NC 0.12+0.016 -
E. faecalis ATCC 19433 0.80+0.127 24.33+0.4
LRHO020 0.36+0.022** 12.3240.2%%*
LGG 0.33£0.093* 14.12£1.7%*

Experiments were repeated 3 times. Values are Mean+SD.

Asterisk means significant difference (p* <0.05, p** <0.01, p*** < 0.001 vs. E. faecalis ATCC 19433)

NC: Broth only

OPIEY B8 &2
o] vAE YA D9l A3 LRH020S =
w5 E. faecalis ATCC 19433 th¥] felZ o= njAEut
P45 ol AI(p<0.05) BlZFF LGGE= Foldoz 2}
o7} §l&2 IS tH(Table 2).
Enterococcic TFAWAT L 2ZH X34

_|>~I
|o
ut
Ry
D
8
8,
1]

ot E. faeciumE A= & F Ut} olF T TH= EF
A Bl B mAEEs JAdskH nAEdo] ¥
4E]7] ol 243 FH=E HEE F flvhe 5SS
744, o2l 7EA] gAAel tial WS Zte TS
o7 A, Aol F2 9 HH Fol| dosts Fa%
HAA AE ] I 7]z e] Yelo] HE AoegE By
Ho, B2, Lactobacillus spp. 22 fAtde] RHEo

= AETS Al folg IS F= 54E K
o, meba & Ao e b HrF ElE BHoR
E. faecalis ATCC 194335 SAUZATZ AE3H
LRH020°] W& JA S gttt 2 23, E
faecalis ATCC 19433 TiH] LRH020 #5FolA felzo=
g §Adso] Hol, TREufo| YA #FEA

S AT Arkn BT,

(
=

A =Eo] A ujA o
2 e #5778 Bolgs ¥
3l A7H8-H (auto-aggregation) A2 ThE F FHF
45712 5 A3 (cell-to-cell recognition)S F/J 3=
557 (co-aggregation) T+ 7HA TFHE EFIITHY. FA
79 A7 5 H2(adhesion) o2 Aol W, FAkE

Y rlr
off lo 031 e

-~

F

o) Syl
ST HYAR
g

izaoa%w— Bl w2+
g # < al

o wlo
=R A

A3 LRH020-
*Pofi‘rlﬂl = o LGGSF FARS 84S
& E. faecalis= LGG ¥ LRH020° Y]
&l %—8— %‘r*é—% _H_Ol% Ao g2 315 tH(Table 2).

oln) Aol

2229
U R 9 PP dorE FL AR
F bl S BEEe Ak L vAEe Yyom
QA A FAH GFL vE F Uk £ Ao

o479 54 A% £48 33 asal FAAE ERls)
, PP o R By ofF Rlg 9t vAAEY
s AT SPAE S APt A4
LRH020 N2 Escherichia. faecalis ATCC 19433
34_ H]_;r_g],og\_g EH _ﬁ_g]ﬁ o= u]x@‘:’uL z‘sﬂ/\-].‘:o] l/l—o
W H|WAF Lacticaseibacillus rhamnosus GG (LGG)2}
A7HeR s zkel7E S ISkt 5 LRH020
£ asal FAAE /A oy, xHFoRE APAF
LGGSF A2 A A Q] Z2ufo] Qg 22 A 9] Qb
S gRlstait.

K[

Conflict of interests

The authors declare no potential conflict of interest.



Assessment of biofilm formation of Lacticaseibacillus rhamnosus LRH020 331

ORCID
Hye Rim Kim https://orcid.org/0000-0002-7125-1590
Eunsol Seo https://orcid.org/0000-0002-1585-8048

MinYeong Seo https://orcid.org/0000-0002-1164-1423
Byung-Yong Kim https://orcid.org/0000-0002-4229-8859

References

. Lewis, K., Riddle of biofilm resistance. Antimicrob Agents
Chemother., 45, 999-1007 (2001).

. Meroni, G, Panelli, S., Zuccotti, G., Bandi, C., Drago, L.,
Pistone, D., Probiotics as therapeutic tools against patho-
genic biofilms: have we found the perfect weapon?, Micro-
biol, Res., 12,916-937 (2021).

. Olsen, I., Biofilm-specific antibiotic tolerance and resis-
tance. Eur, J, Clin, Microbiol Infect Dis., 34, 877-886 (2015).
. Kiruthiga, A., Padmavathy, K., Shabana, P., Naveenkumar,
V., Gnanadesikan, S., Malaiyan, J., Improved detection of
esp, hyl, asal, gelE, cylA virulence genes among clinical iso-
lates of Enterococci. BMC Res Notes., 13, 170 (2020).

. Anderson, A.C., Jonas, D., Huber, 1., Karygianni, L., Wol-
ber, J., Hellwig, E., Arweiler, N., Vach, K., Wittmer, A., Al-
Ahmad, A., Enterococcus faecalis from food, clinical speci-
mens, and oral sites: prevalence of virulence factors in asso-
ciation with biofilm formation. Front Mirobiol, 6, 1534
(2015).

. Tsegahun Asfaw, Biofilm Formation by Enterococcus Fae-
calis and Enterococcus Faecium: Review. IJRBS., 7, 5-10
(2019).

. o1, N, HAE, e, 93, Lipopolysaccharide
Z f=% HT29 AlxFe] H5olX Lactobacillus rhamnosus

10.

11.

12.

13.

14.

15.

16.

GGe 95 283} 714, Korea J Gastroenterol, 60(2), 86-
93

. ENwachukwu, O.K. Achi, I.O. [jeoma., Lactic acid bacteria

in fermentation of cereals for the production of indigenous
Nigerian foods. Afr: J. Food Sci., 2(1), 1-6 (2011).

. Chen, L.H., Zheng, D.D., Liu, B., Yang, J.A., Jin, Q., VFDB

2016: hierarchical and refined dataset for big data analysis-
10 years on., Nucleic Acids Res. 44, 694-697 (2016).
Eladawy, M., El-Mowafy, M., El-Sokkary, M.M.A., Barwa,
R., Effects of Lysozyme, Proteinase K, and Cephalosporins
on Biofilm Formation by Clinical Isolates of Pseudomonas
aeruginosa. Interdiscip Perspect Infect Dis., 2020, 9 (2020).
Waters, C.M., Wells, C.L., Dunny, GM., The Aggregation
Domain of Aggregation substance, Not the RGD Motifs, Is
Critical for Efficient Internalization by HT-29 Enterocytes.
Infect Immun., 71(10), 5682-5689 (2003).

Nath, S., Sikidar, J., Roy, M., Deb, B. In vitro screening of
probiotic properties of Lactobacillus plantarum isolated
from fermented milk product. Qual, Assur, Saf, Crop,
Foods., 4,213-223 (2020).

Mohamed, J.A., Huang, D.B., Biofilm formation by entero-
cocci. J, Med, Microbiol., 56, 1581-1588 (2007).

Salas-Jara, M.J., Ilabaca, A., Vega, M., Garcia, A., Biofilm
forming Lactobacillus: new challenges for the development
of probiotics., Microorganisms, 4(3) 35 (2016).

Campana, R., Hermert, S.V., Baffone, W., Strain-specific
probiotic properties of lactic acid bacteria and their interfer-
ence with human intestinal pathogens invasion. Gut Pathog.,
9,12 (2017).

Jankovié, T., Frece, J., Abram, M., Gobin, 1., Aggregation
ability of potential probiotic Lactobacillus plantarum strains.
IJSER., 6, 19-24 (2012).





