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Figure 2. Schematic represents stages of biofilm formation.

This fully matured stage is characterized by an overall shift in gene expression
patterns total different from the planktonic stages and offering increased resistance to
antimicrobials. Once they are fully developed biofilm, via production of some biofilm
destabilizing proteins like phenol soluble modulins (psms), disassembly of biofilm occurs
resulting in free-floating planktonic cells (dispersion) that are able to re-initiate the
biofilm development process in another site [28]. Several factors like extracellular
matrix, reduced metabolic state of bacteria within the biofilm, and efficient spread of
antibiotic resistance mechanisms via gene transfer within the biofilm community
contribute to the biofilm recalcitrance [29].

Global Regulators in S. aureus

The S. aureus genome has 124 putative transcriptional regulators [30], and several
global regulators have been identified, which include the agr4 operon, the sarA gene
family, the saePQRS operon, and the genes arlRS, IytSR, srrAb, hssRS, vraSR, and graSR
[31, 32]. Several other regulators have also been identified, though they are not as well

characterized (e.g., htrA, ccpA, msrR, and svrR) [33].



The first and most important globular regulator gene in S. aureus genome is
Staphylococcal accessory regulator A (SarA); its family of homologs is transcriptional
regulators that control the expression of several genes [34], including virulence factors,
and biofilm formation. The sar4 locus comprises three promoters (P1, P2, and P3) that
drive expression of three transcripts, sarB, sarC, and sar4, respectively; however, the
mechanism of regulation of sar4 is not fully understood [35]. Indeed, the environmental
signals that modulate the expression of SarA or its activity are not known either.
Inactivation of sar4 leads to a reduction in biofilm formation [36], and it is epistatic to
agr (accessory gene regulator ) during biofilm formation [37, 38]. Sar4A mutants are
deficient in biofilm formation and show reduced expression of the ica4DBC operon,
increased protease and nuclease activity, and degradation of surface-associated proteins
like FnbA, FnbB, and spa [36, 39, 40].

The next globular regulator, accessory gene regulator (agr) is also a global
regulator that encodes a quorum-sensing system in S. aureus, and the main effector
molecule of agr is RNAIIL, which is expressed in temporal fashion, reaching a maximum
in the transition from the post-exponential to the stationary growth phase. Repression of
agr is also important for biofilm formation [41].

The agr system regulates a large number of virulence factors, especially
exoprotein genes like Ala, hib, hid, hICB, sspABC, splABDF, aur, and many others,
whereas it decreases the expression of several cell wall-associated protein genes like
fnbA, fubB, spa, and coa [42].

The other important global regulator is the alternate sigma factor B (sigB), which

responds to environmental stress during stationary growth phases [43, 44]. The sigB gene



regulates its targets via other regulatory genes or by acting directly on the promoters of
virulence genes. Although sigB positively regulates expression of sarC and negatively
regulates agr, its effect on sar4 is not yet known [45, 46]. It seems that sigB acts in
opposition to RNAIII, as most of the exoenzymes and toxins were negatively influenced
by sigB, while the expression of several adhesions was increased [47].

We recently identified a new global regulator named msaABCR operon,
modulator sarA that plays a role in autolysis, biofilm formation, and virulence in the
clinical isolate of community acquired S. aureus strain USA300 LAC [48]. In addition,
it also regulates the expression of some other well studied global regulators including
sarA, agr, and sigB, which plays a role in pathogenesis. So understanding virulence
regulation during growth under different environmental conditions (e.g., biofilm
development) is imperative for the effective prevention and treatment of S. aureus
infections.

In this study, we deleted the second gene of msaABCR operon, msaB gene, by an
allelic gene replacement method and studied the phenotypes of msaB gene and compared
with the msaC and msaABCR deletion mutant in order to elucidate the role of this gene in
the operon.

Although it was not clear if msaB gene regulated virulence genes directly via its
effect on global regulators (Sar4 and agr genes) or if it has a different pathway, we did
not discover it yet in this experiment. Since sar4 has been shown to be essential for
biofilm development in several strains [36], it is not clear if the msaB defect is due to the

reduction in sarA or other factors.
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Sequence analysis of the msaB gene showed it is conserved among S. aureus
strains and encodes a protein that is a cold shock domain, which is a member of a family
of small cold-shock proteins (CSPs) that are induced during bacterial cell response to
stress like low temperatures. Bioinformatics analysis also showed that this protein
preferentially binds single-strand RNA and DNA and appears to play an important role in
cell physiology under both normal and cold-shock conditions. Although, the function of
CSPs in cold-shock adaption has not yet been elucidated in detail, a number of
experimental evidence suggests that CSPs bind messenger RNA (mRNA) and regulates
ribosomal translation, the rate of m-RNA degradation, and the termination of
transcription [49]. Interestingly, the cold shock protein family has shown structural
similarity in different bacterial species (for instance, E.coli, Mycobacterium tuberculosis,
Streptococcus pyogenes, Pseudomonas aeruginosa, Yersinia pestis, and Haemophilus
influenzae) and in other important species such as human, Caldosporium herbarum, and
C.elegans [50].

The Goals of This Project

Our previous study showed that msaABCR is an operon that contains three non-
coding RNAs, msaAd, msaC, and msaR, and it interacts with other global regulators like
sarA, agr, and sigB; however, the mechanism of regulation and role of each gene in the
operon has been studied. In this study we elucidate the role of msaB in the msaABCR

operon to regulate the virulence and biofilm formation in S. aureus.
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CHAPTER 11
CHARACTERIZATION OF MS4B GENE
Abstract

Staphylococcus aureus is an important human pathogen that causes a wide variety
of infections because S. aureus produces a vast array of virulence factors that are
controlled by global virulence regulators. Previously identified msaABCR is a new global
virulence regulator that controls the expression of sarA4, agr, and sigB and virulence and
biofilm development in S. aureus [48].. To define the role of individual genes in the
operon, we deleted msaB gene from USA300 LAC strain and compared its phenotype to
single msaC mutant and msaABCDR operon deletion mutant.

Our preliminary data showed that the studied phenotypes of msaB deletion
mutants are similar to both msaC and msaABCDR operon deletion mutants, and showed
decreased pigmentation, increased extracellular protease activity, increased cell death,
and reduced biofilm formation. The whole msa4BCR operon gene is required for the full
complementation of msaB gene, which also supports our previous findings that all genes
in an operon in cis are required for the function of this operon. Defining the mechanism
of action of the msaABCDR operon locus, its role in virulence and biofilm development
will build more information for understanding S. aureus network virulence in order to
combat their outbreak in the near future.

Introduction

The S. aureus causes life-threatening infections because it produces large

numbers of virulence factors and posses complex regulatory networks that control these

virulence factors [51]. S. aureus infections have become a threat to public health due to
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its ability to resist a wide range of antibiotics. Therefore, understanding the function of
complex regulatory networks that regulate the virulence factors and pathogenicity of S.
aureus is important to develop potential future therapeutic targets against these
pathogens, which are very inflexible against antibiotic treatment [52]. Some of the
important global regulators of virulence in S. aureus are msaABCR, sar4, sigB, and agr.
We have previously shown that msaABCR operon positively regulates the expression of
some global regulators like sarA4, agr, and sigB, which they are very well studied global
regulators that globally regulate virulence and biofilm development in S. aureus. In this
study, we studied the role the second gene of msaABCR operon, msaB gene, in order to
elucidate the role of this gene in the operon.
Materials and Methods

The Bacterial Strains and Plasmids

All strains and plasmids used in this study are listed in Table 1 below. The S.
aureus strains (community-acquired MRSA strain USA300 LAC, restriction-deficient
laboratory strain RN4220), E. coli strain DH5a, pJB38 gram positive shuttle vector, and
pCN34 low copy plasmid vector were used in this study. The S. aureus strains were
grown in tryptic soy broth (TSB) medium. Antibiotics (chloramphenicol (10 pg/ml),
erythromycin (10 pg/ml), and kanamycin (50 pg/ml) were used in TSB or TSA where
needed. Similarly, E. coli strains were grown in LB broth with ampicillin (100 pg/ml)

added where needed.



Table 1

Bacteria Strains and Plasmids Used in This Study

Plasmids

Plasmid Relevant Characteristics Source

pJB38 Gram positive shuttle vector NARSA

pCN34 pT181-based low copy number E. coli- NARSA
Staphylococcal shuttle vector

pMOE pJB38-AmsaB vector plasmid in Ecoli This study

526

pMOE 528  PJB38-AmsaB vector plasmid in RN4220 This study

pMOE 586  pCN34-msaB gene in Ecoli .::msaBgene This study
complement

pMOE 595  pCN34-msaB gene in RN4220.::msaBgene This study

complement
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Table 1 (continued).

Strains
Strains Relevant characteristics Reference or
source
RN4220 Restriction deficient mutant of 8325-4 NARSA
Dr. Lindsey
Shaw
LAC CA-MRSA USA300 strains This study
MOE 531 LAC:: A msaA deletion mutant This study
MOE 596  MsaB gene complement into msaA deletion This study

mutant

Construction of msaB Deletion Mutant and its Complementation

14

The upstream and downstream flanking regions of msaB gene were amplified by

using high fidelity PCR reaction using primers MsaB_upstr F/R and MsaB_dnstr F/R
respectively (All primers used in this study are listed in Table 2 below). The upstream

and down-stream PCR products were digested with bamHI and ligated to amplify the

ligated PCR product using the terminal primers MsaB_upstr F and MsaB_dnstr R. The

amplified ligated PCR product and pJB38 plasmid vectors were again digested with knpl

and sall, purified, and then ligated to construct the deletion plasmid construct

pJB38 msaB. The plasmid pJB38 is an allelic replacement vector, which is a temperature
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sensitive shuttle vector was used to successfully delete other S. aureus genes; one of the
special features of pJB38 is that it offers an inducible counter selection with
anhyrotetracycline (aTc) that selects for chromosomal excision and loss of plasmid
without the use of an antibiotic. The pJB38 msaB deletion plasmid construct was
transduced in wild type S. aureus strain USA300_LAC, and deletion procedures were
followed as described in Sahukhal and Elasri, 2014 [48].

The msaB complement was constructed by amplifying the wild type msaB gene
from wild type LAC strains with complmsaB F/R primers, that contain restriction site
BamHI and EcoRI, respectively. The amplified msaB gene and gram-positive low copy
number shuttle vector, pCN34, was digested with BamHI and EcoRI, and ligated with the
amplified msaB gene. The pCN34 vector containing msaB gene (pCN34-msaB) was then
inserted into RN4220 by electro-transformation. The transformants containing pCN34-
msaB were confirmed by restriction digestion and sequencing. Finally, pCN34-msaB
gene was transduced into an msaB deletion construct and was used as the complement
strain for the study.

Table 2

The Primers Used in This Study

Primer for msaB deletion and msaB complement

MsaB upstr F GGGGACAAGTTTGTACAA
AAAAGCAGGCTGCTTTAAATCAGCGATTAATGTTCG
TTTG

MsaB upstr R AACGTTGTTAAAGGATCCTTCTTAGATTTGAATCAT
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Table 2 (continued).

MsaB dnstr F CCTTGTTTCAGGATCCGAAACCTCCAAGACTAAAAT
TCAT

MsaB dnstr R GGGGACCACTTTGTACAAGAAAGCTGGGTAGTTTGG
ATTTATCAATTCAATATGGCTTAGC

MsaB compl F AGGATCTGCAGATATTTTATAGTTTCATTG

MsaB compl R ACCTCGTCGTTGGGATCCATA

RNA Isolation and Real-Time gPCR

The total RNA was harvested and the Real-time PCR was performed as
previously described in Sahukhal and Elasri, 2014 [48]. In brief, overnight cultures of S.
aureus were diluted to an ODggp of 0.05 in TSB and incubated at 37°C with shaking (200
rpm) until they reached an ODggg of 4.0, and RNA was harvested using RNeasy mini kit.
The quality of the total RNA was determined by Nano-drop and a Bioanalyzer (Agilent),
and Real time PCR was performed. The constitutively expressed gyrase 4 (gyr4) gene
has been used as an endogenous control gene and has been included in all experiments.

Analysis of expression of each gene has been done based on at least three
individual experiments, and two-fold or higher changes in gene expression have been

considered significant. All the primers used for RT-qPCR are listed in Table 3 below.
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Table 3

Primers Used in RT-gPCR

Primers used in RT-qPCR analysis

RT msaB F TTTATCGAAGTTGAAGGAGAAAATG
RT msaB R ACTCAACAGCTTGACCTTCTTCTAA
RT sard F TTTGCTTCAGTGATTCGTTTATTTACTC
RT sard R GTAATGAGCATGATGAAAGAACTGTATT
RT agrd F TTTGTCGTCAATCGCCATAA
RT agrd R TTTAACGTTTCTCACCGATGC
RT gyrA F GCTCGTTCGTGACAAGAAAA
RT gyrA R TTTGCATCCTTACGCACATC
Phenotypic Assays

1. Triton X-100 induced autolysis. Autolysis assay was performed using Triton
X-100 as described by Manna et al. 1997 [53]. Overnight bacterial cultures were diluted
to an OD 600 of 0.05 in TSB broth contain IM NaCl. The bacteria were grown until the
optical density Asgp 0.7. The cells were collected by centrifuging at 10,000 rpm for 10
min at 4°C, and then the cells were washed twice with ice-cold autoclaved water and then
were suspended in autolysis buffer (50 mM Tris-HCI (pH 7.5) containing 0.1% (v/v)

Triton-x-100). The rate of autolysis was measured at Asgy every 30 min intervals for 3

hrs.
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2. Pigmentation assay. A pigmentation assay was performed on cells harvested
from overnight cultures, as described by Morikawa et al. 2001 [54]. Briefly, 1 ml of the
over-nightly grown cells were harvested and washed twice with water. They were then
suspended in 1 ml of methanol and heated at 55°C for 3—5 min with occasional vortexing.
The cells were removed by centrifugation at 15,000-x g for 1 min, and the absorbance of
the supernatant was measured at 465 nm with water as a blank. Mean values from a
minimum of three independent experiments, each performed in triplicate, were recorded.

3. Protease assay. Protease activity assay was performed as described by
Sambanthamoorthy et al. 2006 [55]. In brief, 300 pl of the culture supernatant from
overnight cultures were mixed with 800 pl of 3 mg azocasein ml ™' in Tris-buffered saline
(pH 7.5) and incubated overnight at 37°C in dark. After incubation un-degraded
azocasein was precipitated by adding 400 pl of 50% (w/v) trichloroacetic acid, removed
by centrifugation, and the amount of acid-soluble azocasein was determined by
measuring at 340 nm using water as blank. We took the mean values from a minimum of
three independent experiments, each performed in triplicate, and recorded.

4. Microtiter plate Biofilm assay. The microtiter biofilm assay was performed as
described in Sambanthamoorthy et al. 2008 [56] but with slight modification. Briefly,
overnight cultures of cells, including wild type, mutant, and the complemented strain of
USA300 LAC were diluted 1:100 times in TSB supplemented with 3% NaCl and 0.25%
glucose and inoculated in microtiter plates pre-coated with 20% human plasma. Cultures
were incubated for 24 or 48 hrs with shaking at 150 rpm. The adherent biofilm was
quantitated at 615 nm after washing and staining with crystal violet and elution with 5%

acetic acid. Absorbance readings were made at 615 nm using a SpectraMax M5
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microplate spectrophotometer system. Experiments were performed in triplicate and three
independent experiments were performed for each of this assay.
Confocal Microscopy of Biofilm

For confocal microscopy assay of biofilm produced by the msaB deletion mutant,
the biofilms were grown on microtiter as described above. The 48 hrs biofilm was stained
with live-dead cell stains Syto-9 [1.3 um] and Toto-3 [2.0 um] respectively. The stains
were prepared in 2 ml of filter-sterilized PBS buffer prior to be used for staining. The Z-
stack images of the biofilm were taken under 60X objective with oil immersion. The
Syto-9-dye (Green fluorescence) was excited with an argon laser at 488 nm, and the
emission band-pass filter used for Syto-9 was 515 + 15 nm, and was used to stain the live
cells in the biofilm. The Toto-3-dye (Red fluorescence) was excited using a HeNe 633-
nm laser, and emissions were detected using a 680 + 30-nm filter, and was using to stain
the dead cells and eDNA, then incubated at 30°C in dark for 10 minutes. The images
obtained by CLSM were analyzed using the COMSTAT program where the total biomass
of the biofilms, thickness of the biofilm, and amount of live and dead cells within the
biofilm were quantified.
Effect of Different Environmental Conditions on Static Biofilm Formation by msaB
Mutant

To study the effect of different environmental conditions that affect biofilm, the
static microtiter biofilm was grown as described above, but in the presence of different
concentrations of NaCl, glucose, and ethanol tested. To test the different concentrations
of NaCl, the TSB with 0.5% glucose concentration supplemented with sodium chloride at

concentrations ranging from 0 to 6%, were used.
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To test the different concentrations of glucose, the TSB with 3% NaCl
supplemented with glucose at concentrations ranging from 0 to 5% was used. Similarly,
to test the effect of different concentrations of ethanol, TSB with 3% NaCl, supplemented
with ethanol at concentrations 0.5% to 6%, and TSB with 0.5% Glucose, supplemented
with ethanol at concentrations 0.5% to 6%, were used. The biofilms were grown in
presence of different concentrations of NaCl, glucose, and ethanol, as mentioned earlier
in separate microtiter plate, incubated for 48 hrs, washed three times and quantified as
described above.

Biofilm Detachment Assays

We studied the effect of different chemicals and media that affects the biofilm
stability. To determine the sensitivity of biofilms to Sodium metaperiodate, DNase I,
proteinase K, the biofilm was grown in human plasma coated microtiter plate as
described above for 48 hrs and treated them as previously described in Rice et al. 2007
[57]. Briefly, the biofilm was grown in biofilm media and incubated at 37°C with shaking
at 150 rpm each for every chemical tested. Sodium metaperiodate (10mM), DNase I
(10U/ml), and Proteinase K (100ug/ml) were introduced at different point time intervals
(0 to 12 hrs) in their respectively labeled plates and further incubated till 48 hrs. After
incubation, the wells were rinsed gently with 200 ul of PBS three times, air dried, fixed
with 100 ul of absolute ethanol, and stained with 0.2% crystal violet for 10 min. The

absorbance was then measured at 595 nm to quantify the remaining biofilm.
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Results

Construction of msaB Deletion Mutation in CA-MRSA strain USA300 LAC

We amplified the upstream and downstream flanking region of msaB gene and
inserted them into a deletion vector pJB38, to construct the deletion plasmid, pJB38-
msaB. Once we transduced the deletion plasmid into wild type LAC strain, we performed
the deletion steps as described in the Material and Methods section. We screened and
confirmed the msaB deletion from LAC by using PCR (Figure 3) and sequencing of the
PCR product. We then introduced msaB gene (pCN34-msaB) into msaB deletion mutant
and used it as the complement construct for further study and we verified the msaB
mutant complement construct by both sequencing of the PCR product and by using
restriction digestion of two restriction enzymes, which are Bam HI and EcoRI, as show in

Figure 4.

LAC 1kb 1 2

Control
Group

In USA300_LAC

Figure 3. Gel electrophoresis shows poly chain reaction (PCR) using terminal primers to
verify msaB deletion mutant construct in USA300 LAC wild type (the construct size
around1.5kb).
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€ pCN 34
(Vector) size
around 7kb

€ msaB
complement

construct (Insert)
Size around 1.5kb

Figure 4. Gel electrophoresis shows restriction digestion to verify the presence of msaB
complement construct in pCN34-msaB complement construct by using two restriction

enzymes, Bam HI and Ecorl. Upper bands refer to pCN34 plasmid (Vector), which size
around 7 KB, and lower bands refer to msaB complement construct (Insert), which size

around 1.5 KB.
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Figure 5. Shows the msaABCR operon map, which include of the msaA, msaB, msaC,
and msaR genes (short thick grey arrows). Also it shows different alternative forms of the

RNA transcripts (long thin black arrows) formed by the msa4ABCR operon [48].
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Relative Expression of Global Regulators sarA and agr

We measured the expression of global regulators sar4 and agr by RT-qPCR in
the msaB deletion mutant. We observed decrease in expression of sar4 and agr (Table 4),
similar to msaC and msaABCR operon deletion mutant [48].
Table 4
Relative Expression of the Global Regulator, SarA, and Agr in the MsaB mutant and its

Complement Relative to Wild Type (USA300 LAC)

Genes MsaB deletion mutation MsaB complement
MsaB -16.767 -2.23
SarA -2.14 137.18
Agr -2.29 -2.24

Note: The fold change transcription level in various strains relative to wild-type USA300_ LAC, and the values represent the mean

ratio of three independent experiments.

Phenotypic Characterization of msaB Deletion Mutant

We studied several phenotypes in the msaB deletion mutant and compared with its
wild type and complement. The msaB deletion mutant showed a significant defect in
biofilm formation, pigmentation, and showed increased protease production, as well as
increased rate of cell death (Figures 6, 7, 8, & 9). The phenotypes we observed were
similar to the msaC deletion and msaABCR operon deletion mutant. This supports the

previous result that msaB is an important part of msaABCR operon. Reintroduction of
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msaB cloned in the low copy plasmid pCN34 into the deletion mutants led to an
increased biofilm formation, increased pigmentation, decreased protease, and decreased
cell autolysis, confirming that all the phenotypic characteristics we saw were due to

deletion of the msaB gene.
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Figure 6. Phenotypic characterization of msaB deletion mutant and msaB mutant
complement. Comparison of the msaB deletion mutants relative to complement mutant
and wild type USA300 LAC. Phenotypic assay was done on Triton X-100 induced lytic
assay. Values represent the average of three independent assays, each of which was done
in triplicates. Results are reported as the mean + S.E, and the standardized errors are
represented as error bars.
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Figure 7. Phenotypic characterization of msaB deletion mutant and msaB mutant
complement. Comparison of the msaB deletion mutants relative to complement mutant
and wild type USA300 LAC. Phenotypic assay was done on pigmentation, and values
represent the average of three independent assays, which were done in triplicates. Results
are reported as the mean + S.E, and the standardized errors are represented as error bars.
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Figure 8. Phenotypic characterization of msaB deletion mutant and msaB mutant
complement. Comparison of the msaB deletion mutants relative to complement mutant
and wild type USA300 LAC. Phenotypic assay was done on extracellular protease
activity, and values represent the average of three independent assays, which were done
in triplicates. Results are reported as the mean + S.E, and the standardized errors are
represented as error bars.
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Figure 9. Phenotypic characterization of msaB deletion mutant and msaB mutant
complement. Comparison of the msaB deletion mutants relative to complement mutant
and wild type USA300 LAC. Phenotypic assay was done on biofilm formation, and
values represent the average of three independent assays, which were done in triplicates.
Results are reported as the mean + S.E, and the standardized errors are represented as
error bars.

LACWT

MsaB
mutant

MsaB
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Figure 10. Biofilm formation in msaB mutant in microtiter plates. The wild type strain
LAC (First row), the msaB mutant strain (Second row), and the complement msaB
mutant strain (Third row) were grown in TSB supplement with 3% NaCl and 0.5%
glucose, cultures were incubated for 48 hrs in the wells of microtiter plates with pre-
coating with plasma proteins. The violet staining is an indication of biofilm formation in
the wells.
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Confocal Microscopy of Biofilm

We further analyzed the biofilm formation by the msaB deletion mutant by
confocal microscopy after staining with live/dead staining with syto-9 and toto-3 and
compared with WT LAC and its complement. We observed that msaB mutant biofilm is
unable to form mature peculiar tower-like structure (white arrow head) and more
aggregation of cells death compared to the LAC and complement (Figure 11). This
suggests that increased cell death might be responsible for the biofilm defect in the msaB

mutant, while the importance of other factors still needs to be tested.

LAC (Wild type) msaB mutant msaB complement

Figure 11. Confocal microscopy (Z-stack images) of static biofilm on microtiter plate.
(A) LAC wild type, (B) msaB mutant, and (C) Complement msaB mutant were grown up
to 48 hours and stained with Syto-8dye stain (staining live cells with green fluorescence
stain) and Toto-3dye stain (staining dead cells and eDNA with red fluorescence stain).
They stained under 40X /1.4 Oil DIC objectives, and these images are representative of
three independent experiments with similar results with scale bar represents 10 pm.
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COMSTAT Analysis of Confocal Microscopy of MsaB Deletion Mutant Biofilm

We performed COMSTAT analysis for the biofilm formation by the msaB
deletion mutant and compared with the wild type and its complement. The analysis
showed the presence of significantly less live cell biomass by the mutant, 40% compared
to 100% by the wild type. The complement produced the cell biomass intermediate
between the wild type and complement. Moreover, the mutant showed the presence of
increased cell death (169%) compared to wild type (100%). This analysis suggests that
increased number of cell death might be responsible for the defective biofilm formation
by the msaB mutant. Further analysis by the COMSTAT also revealed that the mutant has
significantly reduced biofilm thickness (12 pum) compared to wild type (24 um). All the

results are shown in Figure 12.



