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Drug resistance mechanism of Staphylococcus aureus bacterial biofilm
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Article history: Bacterial biofilm (BF) is a kind of growth way that bacteria are
associated with planktonic cells in the process of growing on the

body tissue or biomaterial surface to adapt to the change of living
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environment, composed of bacteria and extracellular matrix. After
the formation of biofilm, bacteria are coated in the extracellular
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sistance, making these two mechanisms are difficult to effectively
remove the infected foci, and biofilm bacteria can also continue

Golden yellow; Staphylococcus;
bacterial biofilm; drug resistance

mechanism to grow and release into blood, resulting in chronic infection and

withdrawal of antibiotics after the recurrence of infection, lead-
ing to disease progression. Based on this, this paper will focus on
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Introduction 1. Staphylococcus aureus bacterial biofilm

. overview
Staphylococcus aureus (SA, S. aureus) is an import-

ant pathogen in medicine, widely distributed in hos-
pital environment, strong pathogenicity, can cause
skin and mucous membranes and soft tissue abscess,
otitis media, arthritis, pneumonia and other clinical
common of the infection, can also cause osteomy-
elitis, endocarditis, meningitis and bacteremia and
other serious infections. The bacteria have a strong
ability to adapt to environmental factors, it is easy to
obtain resistance to antibiotics and disinfectant resis-
tance, so can survive in a hospital environment for a
long time, and it is the most common pathogens in
hospital infection.
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Studies had shown that formation of Staphylococcus
aureus biofilm is a dynamic process, from the initial
bacterial colonization to later colonization, adhesion,
aggregation, differentiation and maturation until the
final spread through five stages with different char-
acteristics. The bacteria first adhere to the surface
of the organism or the polymer, and then the cells
become aggregated to form bacterial clumps, with
the gradual increase of bacteria to form a relatively
mature and stable biofilm structure, and finally, some
of the bacteria in the biofilm leave and spread to the
distance, which started another biofilm formation
process. Biofilm formation is a process of multi-gene
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regulation and multi-factor participation, and is influ-
enced by environmental factors. It is the result of the
combined effect of each factor, and they can interact
with each other to form a complex regulatory network.
So far, the mechanism of biofilm formation had shown
that different genes play different roles in different stag-
es of biofilm formation. Therefore, the study of biofilm
formation is an important basis for the mechanism of
biofilm formation. The alpha-toxin produced by Staph-
ylococcus aureus is a secreted protein of about 33 kDa,
which is a major pathogenic molecule. Alpha-toxins
interact with the target cells, the polymerization of the
heptamer in the cell membrane on the formation of the
transmembrane pore, causing calcium ion transmem-
brane flow leading to the target cell lysis. Studies had
shown that the alpha-toxin-encoding gene hla was ab-
sent from Staphylococcus aureus biofilm formation in
the intercellular adhesion, the aggregation of bacteria
occurred and could not form a stable biofilm structure.
In recent years, there had been many studies on the
mechanism of biofilm formation involving alpha-toxin,
but its expression in the process of biofilm formation
has not been reported.

2. Staphylococcus aureus bacterial biofilm
resistance mechanism

Staphylococcus aureus is very resistant to the clinical
antibiotic. The main resistance mechanisms are: pro-
duce passivation enzymes, target modification, changes
in permeability, efflux pump system and biofilm forma-
tion. Its resistance can be propagated through the bacte-
ria reproduction and cloning; also through the plasmid,
transposon transformation and transduction, spread in
the level between bacteria. A bacteria can be obtained
through a variety of ways and integration of multiple
drug resistance genes, manifested as multiple drug re-
sistance; can also be resistance to only one type of an-
tibiotic.

2.1. B-lactam

MecA as SA-specific drug-resistant genes, resulting in
SA resistance to B-lactam drugs. A penicillin-binding
protein (PBPs) synthesized on the surface of bacteri-
al cells plays an important role in the growth and re-
production of bacteria. As f-lactam antibiotics have a
higher affinity with PBP, resulting in loss of activity of
PBPs, blocking the synthesis of cell walls, leading to
cell death. The mecA gene presents in a unique, mo-
bile chromosome cassette, SCCmec, which encodes a
novel penicillin-binding protein, PBP2a, which has a
low affinity for the beta-lactam, but participates in the
synthesis of cell walls as well as PBPs. Therefore, PBPs
inactivated after its replacement to promote cell wall
synthesis, and then showed resistance.
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2.2. Macrolides

The main reason for the resistance of SA to macro-
lide is related to the erm gene located on plasmids and
chromosomes, especially the ermA, ermB and ermC
genes. Macrolide antibacterial drugs mainly act on the
ribosomal 23S rRNA gene, blocking the synthesis of
protein, play an antibacterial effect. And the drug re-
sistance is caused by the methyltransferase erm family
of 23SrRNA methylation, resulting in macrolide drugs
and RNA affinity decreased or lost, resulting in drug re-
sistance. In addition, mutation of ribosomal protein L4,
mutation of 23SrRNA base of ribosomal large subunit
can also cause drug resistance to macrolide.

2.3. Fluoroquinolones (FQNS)

The resistance of SA to FQNS is mainly related to the
change of target enzyme and decrease the amount of
drug that accumulates in bacteria. The chemical struc-
ture of FQNSwerel, 4-dihydro-4-oxo-3-quinolinecar-
boxylic acid, which has an effect on bacterial DNA gy-
rase (type topoisomerase) and topoisomerase inhibition,
blocking bacterial inheritance substance replication and
transcription, so that the bacteria die.

2.4. Cycloaliphatic peptide

The mechanism of bacterial resistance to cycloaliphat-
ic peptide is mainly related to the changes of bacterial
cell membrane structure and function, gene mutation
and abnormal cell wall. Cycloaliphatic peptide has a
role of interference to the amino acids transporter on
the cell membrane, inhibit the bacterial cell wall pep-
tidoglycan phosphate (LTA) biosynthesis, the bacterial
cell membrane depolarization, causing bacterial death.
The mechanisms of bacterial resistance to cycloaliphat-
ic peptide are due to mutation of the gene in which the
antibacterial target is located, resulting in a decrease in
number of drug-to-bacterial connections, resulting in
decreasing the ability of the drug to kill SA and drug
resistance ; on the other hand, the bacteria involved in
the cell wall metabolism of several genes up-regulation,
making the bacterial cell wall thickening, and thus the
effect of drugs on the bacteria decreased and results of
drug resistance.

2.5. Glycopeptides

Vancomycin and other glycopeptide drug resistance
mechanism, including cell wall thickening, peptidogly-
can cross-linking decreased, penicillin-binding protein
PBPs changes, antibiotic induction, regulation of gene
changes, drug resistance gene transfer, decreased en-
zyme activity. The combination of the D-alanyl-D-ala-
nine residue that presents on the cell wall peptidoglycan
layer with vancomycin can block most of the drug out
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of the cell wall and reduce the lethality of the bacteri-
um; peptidoglycan the glutamate residues on the mono-
meric pentapeptide branch were not amidated, resulting
in a decrease in the cross-linking of the peptidoglycan,
an abnormally increasing peptidoglycan monomer,
whereby more vancomycin can be combined, therefore,
the drug cannot bind to the target of bacteria. Drug re-
sistance of bacteria and regulatory genes should have
some certain relationship, including the function of agr
gene loss; antibacterial drugs that act on cell wall such
as vancomycin can increase PBP2 expression, the cell
wall would be thickening, weaken the drug on killing of
bacteria; test showed that vancomycin-resistant strains
grew in vancomycin-free culture, bacterial resistance
decreased, and thus the induction of antibiotics is also
an important drug resistance factor.

3. Staphylococcus aureus bacterial biofilm
regulation mechanism

The gene regulatory system Agr (Accessory gene regu-
lator) group induction (Quorum-sensing) is an import-
ant mechanism to monitor the number and density of
Staphylococcus aureus and also monitor surrounding
environment through the specific expression genes of
the group to detect any changes and to regulate the
bacterial behavior. Agr is the most widely studied and
well-developed population sensing system, which has
great significance in bacterial colonization, invasion,
biofilm formation and spread.

Agr system regulated downstream gene expression by
two similar two-element proteins (Agr C and Agr A)
and two reaction biofilm structures with mature pro-
teins (Agr D and Agr B). The extracellular signal mol-
ecule Agr D was modified by Agr B as a self-induc-
ing peptide (AIP) and expelled from bacteria. With the
increasing of bacterial density and reaching a certain
threshold, AIP triggered the phosphorylation of his-
tidine kinase Agr C, which resulting in effector mol-
ecules Agr A phosphorylation and activation; Agr A
could bind to the corresponding sites of bacterial DNA
regulation of downstream gene expression: to promote
PSMa and PSMB transcription, reduced the expression
of bacterial surface protein gene level. Reduction of the
bacterial surface protein caused decreased the adhesion
between the bacteria, coupled with the dissociation of
PSMs, resulting in biofilm bacteria spread, repeated in-
fection cycle.

When Agr gene loss, Staphylococcus aureus biofilm
would become thicker, the micropores would be re-
duced, the surface would be smoother and lose disso-
ciation ability, forming a broad and dense biofilm, and
the bacteria would tend to cause local chronic biofilm
related infection. On the contrary, when the Agr gene
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overexpression, biofilm was also easy to spread quickly,
more likely to cause acute infection.

The auxiliary regulator Sar A Staphylococcus aureus
there was another biofilm global regulatory factor Sar
A (Staphylococcalotic ATPA), the biofilm had a posi-
tive regulatory role. Sar A was encoded by sAr, which
regulated the expression of nearly 120 genes in Staphy-
lococcus aureus and promoted adhesion and early bio-
film formation by up-regulating the expression of CWA
in logarithmic phase and synergistically inhibiting ex-
tracellular protease production with another important
gene sAeRS. In the latter part of the logarithm, SarA
could be combined with its own promoter for negative
feedback, contributed to the release of biofilm disso-
ciation. SarA was also involved in the synthesis and
regulation of Staphylococcus aureus PIA, which was
facilitated by direct binding to the promoter of icA. Re-
cent studies had found that there was a reduction in the
ability to remove SarA bacteria biofilm formation, and
increased susceptibility to antibiotics. Therefore, SarA
was a potential target for the treatment of biofilm-relat-
ed infections, and there were some biofilm inhibitors
designed for this molecule, and there were some effects
on it.

The impact of environmental factors on the biofilm,
Staphylococcus aureus able to detect number and den-
sity of bacteria then make some modifications, but also
able to give respond according to the changes in the sur-
rounding environmental factors. The liquid shear force
was an environmental factor that was studied at present.
Under the condition of low shear force, Staphylococ-
cus aureus formed non-colonized biofilm morphology.
The rate of bacterial propagation was slow, the viru-
lence was decreased and it was sensitive to oxidative
stress. Easy to be cleared. On the contrary, under high
shear conditions, biofilm, although the thickness was
not large but denser, making the resistance increased.
Under the condition of hypoxia, the two-component
system of Staphylococcus aureus was activated, which
could make the bacteria adapt to the environment and
improve the expression level of PIA. The hypoxic envi-
ronment could induce ciD transcription, increase eDNA
content and finally promote biofilm formation. Recent
studies had found that, in the case of low pH, Staph-
ylococcus aureus could recover cytoplasmic proteins
and reversibly bind to the bacterial surface as a biofilm
matrix component, enhancing the flexibility and adapt-
ability of bacterial biofilm formation.

In short, Staphylococcus aureus is an important patho-
gen in medicine, widely distributed in the hospital envi-
ronment, and it has strong pathogenicity, can cause skin
and mucous membranes and soft tissue abscess, otitis
media, arthritis, pneumonia and other clinical common
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infection, also can cause osteomyelitis, endocarditis,
meningitis and bacteremia and other serious infections.
The bacteria have a strong ability to adapt to environ-
mental factors, it is easy to obtain resistance to antibiot-
ics and resistance to disinfectants, so long-term survival
in the hospital, it is one of the most common pathogens
of hospital infection, so must study more and do more
research about it.
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