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Abstract

Correlation between hyaluronidase (Hyl) activity and biofilm detachment in a few bacterial species was found. However, it is
unclear if this association applies to bacterial species or for more general bacterial characteristics. This study determined the
association between biofilm production and Hyl activity among bacterial isolates from the oral cavity of healthy subjects, and
its association with Gram staining group, colony surface morphology and bacteria shape. The swab was taken from the
tongue, cheek and entire teeth surfaces of 35 subjects, and tested for biofilm through modified microtiter plate assay while
Hyl production was screened through HA rapid plate method. Forty-four isolates were found, each 50% are Gram-positive,
and Gram-negative bacteria, with the majority are cocci and non-mucoid colony. More than 70% of isolates are moderate
and strong; (n= 17, 38.6%) and (n=15, 34.1%) respectively for biofilm production; and 68.2% are Hyl producer. A significant
association was found between Hyl and bacterial shape (p=0.018) and colony morphology (p=0.018), while other association
is not significantly measured, including between Hyl and biofilm (p=0.659). This study showed that biofilm production is not
affected by the characteristics of the bacteria to produce or not produce hyaluronidase. Meanwhile, Hyl production is prone
in rod shape and mucoid isolates which need further investigations. © 2021. All Rights Reserved.

Author Keywords
bacterial shape; biofilm; colony morphology; Gram-negative; Gram-positive; hyaluronidase

References

« Armstrong, SE, Bell, DR
Ischemia-reperfusion does not cause significant hyaluronan depolymerization in
skeletal muscle
(2002) Microvascular Research, 64, pp. 353-362.

« Calvinho, LF, Aimeida, RA, Oliver, SP
Potential virulence factors of Streptococcus dysgalactiae associated with bovine
mastitis
(1998) Veterinary Microbiology, 61 (1-2), pp. 93-110.

« Christensen, GD, Simpson, WA, Younger, JJ, Larry, M, Barrett, FF, Melton, DM, Beachey,
EH
Adherence of coagulase-negative staphylococci to plastic tissue culture plates: a
quantitative model for the adherence of staphylococci to medical devices
(1985) Journal of Clinical Microbiology, 22 (6), pp. 996-1006.

« Dahiya, P, Kamal, R
Hyaluronic acid: a boon in periodonta therapy
(2013) North American Journal of Medical Sciences, 5 (5), pp. 309-315.

« Davey, ME, Duncan, MJ
Enhanced biofilm formation and loss of capsule synthesis: deletion of a putative
glycosyltransferase in Porphyromonas gingivalis

1of 5 9/7/2021, 4:49 PM



Scopus - Print Document

20f5

(2006) Journal of Bacteriology, 188 (15), pp. 5510-5523.

Fitzgerld, TJ, Gannon, EM
Further evidence for hyaluronidase activity of Treponema pallidum
(1983) Canadian Journal of Microbiology, 29, pp. 1507-1513.

Fysun, O, Kern, H, Wilke, B, Langowski, HC

Evaluation of factors influencing dairy biofilm formation in filling hoses of food-
processing equipment

(2019) Food and Bioproducts Processing, 113, pp. 39-48.

Guo, X, Shi, Y, Wang, F

A novel hyaluronidase produced by Bacillus sp. A50
(2014) PLoS One, 9 (4), p. €94156.

Sheng & J org

Gutierrez, D, Hidalgo-Cantabrana, C, Rodriguez, A, Garcia, P, Ruas-Madiedo, P
Monitoring in real time the formation and removal of biofilms from clinical related
pathogens using an impedance-based technology

(2016) PLoS One, 11 (10), p. e0163966.

Hart, ME, Hart, MJ, Roop, AJ

Genotypic and phenotypic assessment of hyaluronidase among type of strains of a
select group of staphylococcal species

(2009) International Journal of Microbiology, 2009, p. 614371.

Hart, ME, Tsang, LH, Deck, J, Daily, ST, Jones, RC, Liu, H, Hu, H, Smeltzer, MS
Hyaluronidase expression and biofilm involvement in Staphylococcus aureus
UAMS-1 and its sarA, agr and sarA agr regulatory mutants

(2013) Microbiology, 159, pp. 782-791.

Pt4

Hynes, WL, Walton, SL
Hyaluronidases of Gram-positive bacteria
(2000) FEMS Microbiology Letters, 183 (2), pp. 201-207.

Ibberson, CB, Jones, CL, Singh, S, Wise, MC, Hart, ME, Zurawski, DV, Horswill, AR
Staphylococcus aureus hyaluronidase is a CodY-regulated virulence factor
(2014) Infection and Immunity, 82 (10), pp. 4253-4264.

Ibberson, CB, Parlet, CP, Kwiecinski, J, Crosby, HA, Meyerholz, DK, Horswill, AR
Hyaluronan modulation impacts Staphylococcus aureus biofilm infection
(2016) Infection and Immunity, 84 (6), pp. 1917-1929.

Joseph, LA, Wright, AC
Expression of Vibrio vulnificus capsular polysaccharide inhibits biofilm formation
(2004) Journal of Bacteriology, 186, pp. 889-893.

Juhlin, L
Hyaluronan in skin
(1997) Journal of Internal Medicine, 242 (1), pp. 61-66.

Kandi, V
Bacterial capsule, colony morphology, functions, and its relation to virulence and
diagnosis

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

9/7/2021, 4:49 PM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

(2015) Annals of Tropical Medicine and Public Health, 8, pp. 151-153.

« Kaplan, JB
Biofilm dispersal: mechanisms, clinical implications, and potential therapeutic uses
(2010) Critical Reviews in Oral Biology & Medicine, 89 (3), pp. 205-218.

+ Kelly, T, Dillard, JP, Yother, J
Effect of genetic switching of capsule type on virulence of Streptococcus
pneumoniae
(1994) Infection and Immunity, 62, pp. 1813-1819.

« Lee, KJ, Lee, MA, Hwang, W, Park, H, Lee, KH
Deacylated lipopolysaccharides inhibit biofilm formation by Gram-negative bacteria
Biofouling, 32 (7), pp. 711-723.

« Mai-Prochnow, A, Clauson, M, Hong, J, Murphy, AB
Gram positive and Gram negative bacteria differ in their sensitivity to cold plasma
(2016) Scientific Reports, 6, p. 38610.

« Marks, LR, Reddinger, RM, Hakansson, AP
High levels of genetic recombination during nasopharyngeal carriage and biofilm
formation in Streptococcus pneumoniae
(2012) mBio, 3 (5), pp. €00200-e00212.

+ Mesnage, S, Tosi-Couture, E, Guonon, P, Mock, M, Fouet, A
The capsule and S-layer: two independent and yet compatible macromolecular
structures in Bacillus anthracis
(1998) Journal of Bacteriology, 180 (1), pp. 52-58.

« Meyer, K, Palmer, JW
The polysaccharide of vitreous humor
(1934) Journal of Biological Chemistry, 107, pp. 629-634.

« Narimatsu, M, Noiri, Y, Itoh, S, Noguchi, N, Kawahara, T, Ebisu, S
Essential role for the gtfA gene encoding a putative glycosyltransferase in the
adherence of Porphyromonas gingivalis
(2004) Infection and Immunity, 72 (5), pp. 2698-2702.

+ Necas, J, Bartosikova, L, Brauner, P, Kolar, J
Hyaluronic acid (hyaluronan): a review
(2008) Veterinarni Medicina, 53 (8), pp. 397-411.

« Ohya, T, Kaneyo, Y
Novel hyaluronidase from Streptomyces
(1970) Biochimica Et Biophysica Acta, 198 (3), pp. 607-609.

« Papakonstantinou, E, Kouri, FM, Karakiulakis, G, Klagas, I, Eickelberg, O
Increased hyaluronic acid content in idiopathic pulmonary arterial hypertension
(2008) European Respiratory Journal, 32, pp. 1504-1512.

« Pecharki, D, Petersen, FC, Scheie, AA
Role of hyaluronidase in Streptococcus intermedius biofilm
(2008) Microbiology, 154 (3), pp. 932-938.

3of5 9/7/2021, 4:49 PM



Scopus - Print Document

4 of 5

+« Renner, LD, Weibel, DB

Physicochemical regulation of biofilm formation
(2011) MRS Builletin, 36 (5), pp. 347-355.

Sellin, M, Granlund, M, Linda, O, Norgren, M

Identification of a novel insertion element, IS 1548, in Group B Streptococci,
predominantly in strains causing endocarditis

(1998) Journal of Infectious Disease, 177, pp. 967-976.

Silhavy, TJ, Kahne, D, Walker, S
The bacterial cell envelope
(2010) Cold Spring Harbor Perspectives in Biology, 2 (5), p. a000414.

Smith, RF, Willett, NP
Rapid plate method for screening hyaluronidase and chondroitin sulfatase

-producing microorganisms
(1968) Applied Microbiology, 16 (9), pp. 1434-1436.

Starr, CR, Engleberg, NC

Role of hyaluronidase in subcutaneous spread and growth of Group A
Streptococcus

(2006) Infection and Immunity, 74 (1), pp. 40-48.

Stepavonic, S, Vukovic, D, Dakic, I, Savic, B, Svabic-vlahovic, M

A modified microtiter-plate test for quantification of Staphylococcal biofilm
formation

(2000) Journal of Microbiological Method, 40 (2), pp. 175-179.

Tokuda, M, Duncan, M, Cho, MI, Kuramitsu, HK
Role of Porphyromonas gingivalis proetase activity in colonization of oral surfaces
(1996) Infection and Immunity, 64 (10), pp. 357-363.

Tran, MP, Caldwell-McMillan, M, Khalife, W, Young, VB

Streptococcus intermedius causing infective endocarditis and abscesses: a report
of three cases and review of the literature

(2008) BMC Infectious Diseases, 8 (154).

Tyner, H, Patel, R

Hyaluronidase in clinical isolates of Propionibacterium acnes
(2015) International Journal of Bacteriology, 2015, p. 218918.

ID org

Whiley, RA, Beighton, D, Winstanley, TG, Fraser, HY, Hardie, JM

Streptococcus intermedius, Streptococcus constellatus, and Streptococcus
anginosus (the Streptococcus milleri group): association with different body sites
and clinical infections

(1992) Journal of Clinical Microbiology, 30 (1), pp. 243-244.

Yadav, MK, Chae, SW, Park, K, Song, JJ

Hyaluronic acid derived from other Streptococci supports Streptococcus
pneumoniae in vitro biofilm formation

(2013) BioMed Research International, 2013, p. 690217.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

9/7/2021, 4:49 PM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

+ Yi, KA, Rasmussen, AW, Gudlavalletu, SK, Stephens, DS, Stojiljkovic, |
Biofilm formation by Neisseria meningitidis
(2004) Infection and Immunity, 72, pp. 6132-6138.

« Yusof, AY, Des, MNM, Masri, SN, Malina, O, Jamal, F
Hyaluronatelyase production by Streptococcus pneumoniae isolated from patients
and carriers
(2015) Tropical Biomedicine, 32 (3), pp. 413-418.

Correspondence Address
Yusof H.A.; Department of Biomedical Science, Malaysia; email: hanani@iium.edu.my

Publisher: Akademi Sains Malaysia

ISSN: 18236782

Language of Original Document: English
Abbreviated Source Title: ASM Sci. J.
2-s2.0-85107798270

Document Type: Article

Publication Stage: Final

Source: Scopus

ELSEVIER Copyright © 2021 Elsevier B.V. All rights reserved. Scopus® is a registered N
trademark of Elsevier B.V. & RELX Group™

50f5 9/7/2021, 4:49 PM



