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Schematic diagram and scanning electron micrograph of different steps in the biofilm formation of S.

Figure 1.

suis. The different stages in biofilm formation include initial attachment to the substrate, formation of a monolayer

along the substrate with formation of micro-colonies, biofilm maturation with formation of a three-dimensional

structure, and cell dispersion.
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Figure 2.

Schematic diagram of the main resistance mechanisms of S. suis biofilm. S. suis (in brown) is found in

the yellow semicircular matrix. The biofilm is attached to the surface of the green rectangular abiotic/biotic surface.
The biofilm contains the gradient nutrient from high to low (indicated by the color gradient from deep to shallow
here). The illustrations of the four main resistance mechanisms of S. suis biofilms are shown in the figure:
biochemical factors; molecular mechanism; physiological factors; environmental factors.
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Table 1. Antibiotic resistance genes associated with Streptococcus suis biofilm
Genes  Gene products Functions Antibiotics References
dlItABCD Enzymes related to D-alanine of Reduce negative cell wall charges Gentamicin [30]
teichoic acid
tet(M)  Tet(M) resistance protein Actively block tetracycline targets in Tetracycline [11]
30S ribosomal subunits; related to
conjugative transposon Tn916
tet(B)  TetB protein Unknown Tetracycline [17]
mefA MefA protein Unknown Tetracycline, erythromycin, [18]
clindamycin
Lsa(E)  Encoding ABC transporter Drugs flow from bacterial cells to  Lincosamides, streptogramin A, [31-32]
target antibiotics pleuromutilins (LSAP
phenotype), erythromycin,
clindamycin and tetracycline
Erm(B) [adenine(2058)-N(6)]-methyltransferase Unknown Erythromycin [33]
Lnu(B) lincosamide nucleotidyltransferase = Lincosamide inactivation by Lincosamides, erythromycin, [32]
(or linB) adenylation clindamycin and tetracycline
gyrd Encodes 41-amino-acid quinolone Amino-acid substitutions caused by Fluoroquinolone [34]
resistance determining regions allelic mutations in the gyr4 gene
(QRDR) may reduce susceptibility to
fluoroquinolones
satA and Efflux pump SatAB Efflux pump upregulation Norfloxacin, enrofloxacin [19]

satB
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Biofilm-associated drug resistance in Streptococcus suis

Manyu Jin', Jinpeng Li', Li Yi*, Yang Wang'"

" College of Animal Science and Technology, Henan University of Science and Technology, Luoyang 471003, Henan Province,
China
? College of Life Sciences, Luoyang Normal University, Luoyang 471022, Henan Province, China

Abstract: Streptococcus suis is a human-zoonotic infectious disease that seriously affects the pig industry and
human health in various countries. It can cause septicemia, arthritis, meningitis and other diseases, thus causing
huge economic losses. The biofilm formation is the main cause of increasing pathogenicity and drug resistance of
S. suis. It is of great significance to understand and master the biofilm formation and drug resistance mechanism of
S. suis, and to find the effective method of removing biofilm for the prevention and treatment of S. suis. This review
updates the latest scientific knowledge about the formation and drug resistance mechanism of S. suis biofilm,
focusing on biochemical factors, physiological factors, molecular mechanism and environmental changes, etc., to
summarize and discuss the drug resistance mechanism of S. suis biofilm, to provide a scientific theoretical basis for

the prevention and treatment of the disease.
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