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CHAPTER |

INTRODUCTION

Burkholderia multivorans is an obligately aerobic gram-negative bacillus found in
soil. Itis one of nine species comprising Buekholderia cepacia complex (Bcc). Five
of the Bcc members were transferred as genomovars from theRgendemonas to
Burkholderiain 1992 on the basis of their distinct 16S rRNA sequence charateristics, cell
envelope lipid composition, DNA-DNA homology, and physiologic properties
(Mahenthrialinganet al., 2005). These phenotypically similar yet genotypically
disparate genomovars were given numeral designations until the assigrirsigecies
names in 1997 (Vandamneeal., 1997). After thorough genomic DNA analysis, it was
proposed that genomovar Il be naniBednultivorans due to its nutritional versatility
(from the Latinmultus meaning much angbrans meaning devouring or digesting).

B. multivorans is the etiologic agent of opportunistic pulmonary infections in
cystic fibrosis (CF), chronic granulomatous disease (CGD), and in asleerw
immunocompromised patients. idtable to penetrate human airway epithelial cells,
thereby causing pulmonary deterioration leading to tissue necrosis and dbath wi
weeks to months (Zahariadis, 2003). The organism is thought to be transmitted by either
infectious aerosols or direct physical contact and is intrinsically aesist many
antibiotics and disinfectants. There is no simple antibiotic regime foultivorans,

therefore, prevention is the key to infection control (Coesiyaé., 2001).



There have been an increasing number of infections attributed to members of the
Bcc over the past twenty years (Mahenthiralingsuad., 2005). It has therefore become
necessary to better characterize the physiologic properties of eamh@ear in order to
better understand the mechanisms underlying their virulence. The purpose o$é&me pre
study was to characterize the outer cell envelope physiology of anamdrype
Culture Collection (ATCC) type strain, as well as seven clinical phenotgpiants ofB.
multivorans which have been shown to exhibit dispatatetro andin vivo virulence
properties. Emphasis was placed on extracellular polysaccharide (gfP&gseon irB.
multivorans. A paucity of information about EPS expression exists in the literature
despite a previous report suggesting that EPS production may be an important factor i
the disease process (Chuwt@l., 2003).

It was hypothesized that the mucoid colonial phenotype is a function of the degree
to whichB. multivorans cells are capsulated with EPS, thereby masking the cell surface
proper and influencing the ability of the organism to adhere to host cell surfabis
property might also be reflected physiologically with regard to factofs asiouter cell
envelope permeability to nonpolar antimicrobial agents, cell surface hydropiotbiei
ability to form biofilms, and ultimately, virulence. This hypothesis wagdtesy
characterizing an ATCC cell type strain and seven clinical phenotypant&ofB.
multivorans which have been shown to exhibit dispaiateivo andin vitro virulence
properties (Zelazngt al., 2008). Parameters examined included ultrastructural and
morphological characteristics, batch cultural growth kinetics, degregsileion,
accessibility of the cell surface to nonpolar compounds, outer cell envelope biiitynea

for nonpolar antimicrobial agents having disparate mechanistic targetsjréasties



hydrophobicity properties, and the ability to form biofilms. Referdétseadomonas
aeruginosa andPasteurella multocida strains were included in some assays for control
purposes due to their markedly disparate outer cell envelope permeability psojoertie

nonpolar molecules (Ellison and Champlin 2007; Ellisoal ., 2007).



CHAPTER Il

REVIEW OF LITERATURE

In the late 1940s Walter H. Burkholder isolated four bacterial cultures during an
outbreak of soft onion rot in New York and called them “cepacia” meaning “dfeor li
onion” (Moore and Elborn, 2001; Mahenthiralingatal., 2005). The organism was
named a$seudomonas cepacia, but has also been referred toPesudomonas
multivorans or Pseudomonas kingii. In 1992 seveiseudomonas species including
cepacia were transferred to the new gemuskholderia on the basis of 16S r RNA
sequencing, DNA-DNA homology, cellular lipid and fatty acid composition, and other
phenotypic characteristics. Vandamahal. (1997) subsequently dividéilirkholderia
cepacia into five phenotypically similar, yet genotypically distinct genomovarsey are
collectively referred to as tHeurkholderia cepacia complex (Bcc) which has recently
been expanded to include nine genomovars (Mahenthiraliegam 2005).

Members of the Bcc have been employed to produce antimicrobial compounds
which prevent molding of various fruits and “damping off” diseases in seedlings,
colonize plant roots to potentiate nitrogen fixation, thereby promoting plawttgand
crop production, and bio-degrade synthetic organic compounds found contaminating

groundwater (Moore and Elborn, 2001; Mahenthiralingaai., 2005). Prior to the



1980s, Bcc member pathogenicity was limited primarily to contaminatsglions
and disinfectant misuse resulting in nosocomial pneumonia and septicemia. Bcc
members have more recently become increasingly associated with peseoty
infections.

Bcc genomovar 1l was eventually nantéa kholderia multivorans by virtue of
its nutritional versatility and similarities to other Bcc strainarflammeet al., 1997). B.
multivorans is misidentifie d a8. cepacia when using various biochemical identification
systems including the API 20NE, MicroScan, Vitek GNI, and Vitek NFC, thereby
precluding clinical laboratory personnel from accurately differangat from other Bcc
species (van Pedt al., 1999). Identification oB. multivorans is critically important
because of its role as an opportunistic pathogen in CF, CGD, and in otherwise
immmunocompromised patients (Coemyal., 2001).

Cystic fibrosis is an autosomal recessive disease caused by a mutation on
chromosome 7 (Stern, 1997). This mutation causes a defect in the secretory pofcesses
the chloride channels in epithelial cells resulting in mucous accuomulattially in the
lungs, and eventually in the pancreas (Widmetiet., 2006). Patients with CF typically
contract chronié¢seudomonas aeruginosa infections which since the 1980s have become
increasingly associated with Bcc infections. The combination of these two ongazas
cause infection with no change in pulmonary status, an accelerated decline @igylm
function, or necrotizing pneumonia with fatal clinical deterioration withérfionths
(Vandammeset al., 1997; van Pelét al., 1999; Zahariadist al., 2003). The most severe

presentation has come to be called “cepacia syndrome’Batnocepacia andB.



multivorans accounting for 45 and 39% respectively of all Bcc organisms isolated from
CF patients (Bertadt al., 2007).

Chronic granulomatous disease is an autosomal recessive or X-linked recessive
disease that causes a defect in the nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase enzyme (Johnston 2001; Rosenzweig and Holland 2004). This
enzymatic defect prevents phagocytic cells from killing certain bacéer ingestion
(Winkelsteinet al., 2000). Bcc species are among the few organisms responsible for
septicemia and pneumonia in patients with CGD and are the second most common cause
of death in these patients.

B. multivorans is transmitted by patient-to-patient contact and is highlyteegis
to antibiotics (Coenyet al., 2001; Siskt al., 2003). Limiting patient contact in
outpatient settings and in shared hospital rooms are suggested componentsaf infect
control plans designed to mitigate patient exposure to this organism. It hashbae
that even when infected with the same clonal strain, patients may expeligraate
clinical outcomes (Zlosnikt al., 2008). Little is known with regard to humoral immune
responses tB. multivoransin particular and the Bcc in general (Berbal., 2007).
Because of its prevalence and clinical diversity in CF and CGD patiestsritical to
better characterizB. multivorans to better understand the mechanisms underlying its
virulence (Chunget al., 2003).

The literature contains many reports regarding the EPS produced lsp&ades
and its roles in infective processes, including protection of cells from phagyt
opsonisation, and dehydration (S#s#l., 2003; Herasimenket al., 2007). It has also

been suggested that EPS may play an additional role in the pathogeiiesis of



multivorans, similar to that seen iR. aeruginosa (Chunget al., 2003; Zlosniket al.,
2008) in which patients are typically infected with a non-mucoid strain thatecpudastly
converts to a highly mucoid phenotype expressing EPS composed of alginate. The
production of alginate contributes to biofilm formation, thereby enablingledtenent of
a chronic infection. It has been demonstrated in a murine model that variand Bwucoi
cenocepacia strains have the ability to persist in the lungs longer than parentassttain
addition, EPS inhibits neutrophil chemotaxis while able to scavengéveeagygen
species (Herasimenlahal., 2007). Work with another mouse model showed that if
cenocepacia EPS is overproduced, it could enhance the persistence and virulence of an
infection (Conwayet al., 2004).

Little is known regarding the chemistry, biochemistry, and biological daetvitf
Bcc EPS (Sistt al., 2003; Zlosniket al., 2008). These bacteria produce at least four
types of EPS (Figure 1), the most common of which is known as cepacian (Helesim
et al., 2007). Cepacian was first identifiedBncepacia and is composed of a polymer
backbone that includes acetyl substituents which differ in number, depending on culture
conditions (Figure 1A). It has been shown that other Bcc organisms incBiding
multivorans can produce this type of EPS. The remaining three types of EPS (Figures
1B, 1C, and 1D) are rarely seen, and type PS1 (Figure 1D) has been found to be produced

by a clinical strain oB. multivorans.
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Figure 1. Chemical structures of the four types of EPS produced by the Bcc
(Herasimenkat al., 2007).

The ability to form biofilms has been shown to be an important virulence factor in
certain bacteria (Cuntet al., 2004). P. aeruginosa biofilms consist of cells which are
more resistant to antibiotics and better able to evade the host immune tsteare
planktonic cellsB. multivorans andB. cenocepacia are the most clinically relevant Bcc
species and have been shown to famwvitro biofilms as has Bcc speciBsdolosa
(Caraheset al., 2007). Cell-to-cell signaling molecules involved in the process of biofilm

formation have been reported in theseitro studies (Mahenthiralingarat al., 2005).



B. cepacia andP. aeruginosa have been shown to coexist as a mixed biofilm in the lungs
of CF patients, moreover, the Bcc organisms are able to recognize quorumg-sens
signals produced bj. aeruginosa, thereby allowing cross-communication between the
two species (Cunhet al., 2004; Mahenthiralingaret al., 2005). Biofilm formation may
then provide a means by which the Bcc organisms are protected from antildtibe a

host immune system as is seefi@eruginosa.



CHAPTER IlI

METHODOLOGY

Bacterial Strains

P. aeruginosa PAO1 andP. multocida ATCC 11039 are maintained as capsulated
reference organisms in this laboratory wiilenultivorans BAA-247 (type strain) was
purchased from the American Type Culture Collection (ATCC; Manass3gs, Ulkical
isolates were obtained from Dr. Adrian Zelazny (NIH-NIAID) and incluBed
aeruginosa PA1211 as well as seven straindBofnultivorans (designated AZ01 through
AZQ7 in this laboratory). All cultures were maintained under cryoprotectimditions
at -80 ° C as described previously (Darmehl., 1987). P. aeruginosa PAO1,P.
aeruginosa PA1211, andP. multocida ATCC 11039 were employed in this study for
references purposes due to the disparate outer membrane permeabilitygsopént

two organisms (Ellison and Champlin 2007; Elligal., 2007).

Cultural Growth Conditions
Inocula were obtained from working cultures which were prepared by inoxulati
Mueller-Hinton Agar (MHA; Difco Laboratories, Detroit, Ml) or Lurfgar Base Miller
(LAB; Difco Laboratories) plates with cells from cryopreservedistdtures,
incubating at 37° C for approximately 18 h, and storing at 4° C for no longer than 7 to 10

days (Ellison and Champlin 2007; Elliseinal., 2007).  Starter cultures

10



for all experiments were prepared by inoculating approximately 20 ml oflévhiinton
Broth (MHB; Difco Laboratories), Luria Broth Base (LB; Difco Labtor@es), or Luria
Bertani Broth (LBB; Difco Laboratories) in 125-ml growth flasks with célisn

working cultures and incubating for 15 to 18 h at 37° C with rotary aeration at 180 rpm
(Excella E24 Incubater Shaker Series; New Brunswick Scientific, Edison,Tié& use

of starter cultures provided stationary-phase inocula acclimatedhoexperimental

growth environment.

Physiological Characterization

Cells from working cultures were streak inoculated on Trypticase Say #gtes
containing 5% sheep blood (Becton, Dickinson, & Co., Sparks, MD) for isolated colonies
and incubated at 37° C for approximately 18 h. Colonial and cellular morphology, gram
reactivity, and hemolysis were assessed using conventional methods. Thyg adenti
each strain was confirmed using the APl 20NE Identification Systerv@ieux,

Hazelwood, MO) (data not shown).

Total Cell Cultural Growth Kinetics

Total cell density growth kinetics were assessed turbidmetrigsilhg a modified
version of the method outlined by Champdtral. (2005). Test cultures each consisting
of 50 ml of LB in a 125-ml growth flask were inoculated with stationary-phake from
LB starter cultures to an optical density at 620nm ¢ff 0.025 (Spectronic 20D+;
Thermo Scientific, Waltham, MA) and incubated at 37° C with rotary aeratib30atpm

while monitoring the Okro at 30-min intervals for a total of 6 h. Mean values obtained

11



from no fewer than three independent turbidimetric measurements foresachlture
were plotted as a function of time on semi-logarithmic graph paper in order to@acum

cultural growth.

Capsulation Assessment

The degree of cellular capsulation was assessed microscopically witd tieaa
India ink negative stain protocol (Duguid 1951; Beveridga., 2007). Cells from
working cultures were used to streak inoculate Luria Bertani Agar (LBi&pD
Laboratories) plates for isolated colonies prior to incubating at 37° C for apateky
18 h. Representative individual colonies were each suspended in a solution consisting of
one drop of India Ink (Becton, Dickinson and Company, Franklin Lakes, NJ) and one
drop of distilled water in a 13 x 100-mm disposable borosilicate culture tube. One drop
of the mixture was placed on a glass microscope slide and covered with a cover slip
overlayed with a bibulous paper strip. Slight manual pressure was appliedlighii] a
gray brown color was observed. Cells were observed microscopically at 1000x under oil
immersion and the degree to which cells were capsulated was gradedws:f0)Inone;
+, slight; ++, moderate; and +++, heavy (see Figure 2 as examples ofmibneaay

capsulation).

Macr obroth Dilution Bioassay
In order to ascertain the relative propensitieB.ofultivorans variant strain
surfaces to associate with moderately hyrophobic compounds, minimal inhibitory

concentrations (MICs) were determined for three nonpolar antimicrol@atsagaving

12



disparate mechanistic targets (Chamgtial., 2005; Ellison and Champlin 2007; Ellison
et al., 2007) using a standard macrobroth dilution bioassay. Novobiocin and rifamycin
SV were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO), adk$an
(Irgasan DP 300) was obtained from Ciba Speciality Chemical Corp. (High Raint
Novobiocin (1024ug/ml), rifamycin SV (5121g/ml), and triclosan (64g/ml) stock
solutions were prepared in MHB and filter sterilized (Fisherbrand ih2ixed
cellulose ester syringe filter assemblies; Fisher Scientifisidgitgh, PA). Triclosan
was initially dissolved in ethanol (95%) and diluted such that the final solvent
concentration never exceeded 0.4%. Inocula were prepared using early dgaponent
phase cells from MHB batch cultures incubated until ar20&) 0.1 was obtained
(approximately 2 h), and diluted by transferring 0.1 ml of cell suspersi®h.1ml of
MHB, thereby yielding a final viable cell density of approximatelyx51@ CFU/mI.
Antimicrobial agent stock solutions were diluted serially in a two-fold nramsiag 1.0

ml of sterile MHB as diluent. Each resulting solution was then inoculatédlvd ml of
standardized cell suspension, thereby yielding a final viable cell dengit§ gf16
CFU/ml. The MIC was defined as the lowest concentration of antimicrobiat tp
inhibited the initiation of visible growth after incubation with rotary aeratit 180 rpm

at 37° C for 24 h.

Gentian Violet Uptake Assay
The gentian violet uptake assay described by Bhatlati (1987) was performed
to qualitatively assess relative cell surface hydrophobicity propeitBsmultivorans

strains at the colonial level. Cells from working cultures were used &k streculate

13



LBA plates for isolated colonies. After incubating at 37° C for 18 or 24 h, each plate was
flooded with 8.0 ml of gentian violet (Riedel-De Haen Ag Seelze, Hannover, Germany)
solution (0.085 mg/ml in deionized,8) for 4 min at ambient temperature and decanted.
The degree to which the hydrophobic gentian violet was takbewy tige colonies was

graded visually on the basis of color intensity as follows: 0, none; +, slight; ++,

moderate; and +++, heavy.

Hydrocarbon Adherence Assay

In order to further measure cell surface hydrophobicity properties in a more
guantitative faction, the degree to which cells were able to associate hettadecane
was assessed using the modified hydrocarbon adherence method (Rogeaiheirg80)
as modified in our laboratory (Darnetlal., 1987; Theis and Champlin 1989; Wetttl .,
2003). Test cultures each consisting of 100 ml of LBB in a 250-ml growth flask were
inoculated with stationary-phase cells from LBB starter cultures to el i@Ds20 of
0.025 and incubated at 37° C with rotary aeration at 180 rpm until late-exponential phase
(approximately 3h). Cells were harvested by centrifuging at 12,000 x G arfdr4&&
minutes (Avanti J-25 Superspeed centrifuge, Beckman Coulter, Inc., Fullertpn, CA
washed with cold PPMS buffer (6.97 g oftPO,, 2.99 g of KHPQO,, and 0.2 g of
MgSGQ, - 7H,0 per liter of deionized water at pH 7.2), and resuspended in ambient
temperature PPMS buffer to an @bof 0.50 (as determined using 13 x 100-mm
borosilicate disposable sample holders). Precisely 4.0 ml of each cell sospesie
dispensed into each of four 20 x 150-mm borosilicate disposable culture tubes, three of

which were treated with 1000 pl ofhexadecane while the fourth served as an untreated

14



control. Each sample was vortex agitated with 15- second bursts for a tatahahl

after which phase separation was allowed to occur undisturbed for 15 minutes at ambie
temperature. Turbidity of the lower phase aqueous cell suspensions was measured
spectrophotometrically as before and cell surface hydrophobicity detstmmthe basis

of the portion of cells that partitioned into the n-hexadecane phase as comparedto contr

cells and reported as percent adherence.

Biofilm Formation Assessment

The potential to form biofilms was accessed based on the ability of tlexibdot
adhere to polystyrene microtiter plates (Costar 96-well sterileotiiar plates; Corning
Inc., Lowell, MA) using previously described procedures (O'Toole andeK@R98;
Caraheet al., 2007). Test cultures each consisting of 50 ml of LBB in a 125-ml growth
flask were inoculated with stationary-phase cells from LBB staunléures to an initial
ODs20 0f 0.025 and incubated at 37° C with rotary aeration at 180 rpm until late-
exponential phase (approximately 3h). An Eppendorf pipette (Eppendorf AG, Hamburg,
Germany) was used to asceptically transfer 100 pl of late-expdrgmse cells from
LBB test cultures to each microtiter well. Each plate was incdlzt87° C for 3h (late
exponential phase), 24 h (early stationary phase), or 48 h (late stationaryiplaase)
sealed plastic container which included moisten paper towels. After washinggihlgrou
with distilled water and air drying completely, 100 ul of a 1% crystakvsblution (10
mg/ml in deionized bD) was added to each well and allowed to stain adherent biomass
for 30 minutes. After washing and drying as before, 200 ul of ethanol (95%) was added

to dissolve the crystal violet-stained biofilm and 125 pl of the solution wasféraed to

15



clean wells. A Spectra Max 384 Plus Absorbance Microplate Reader (Mal@mitices
Corp., Toronto, Canada) was used to measure the absorbance at 66éhof gach
sample. Polystyrene plastic is known to have hydrophobic properties (Corning Life
Science, 2009), therefore the 3 h reading was seen as resultant propensitystriaga
to adhere nonspecifically to the polystyrene plastic. Biofilm formationdefised as a
continuous increase in absorbance over time. Initial elevated absorbareswate
taken to indicate nonspecific adherence of cells to polystyrene mediated byarfanspe

hydrophobic interactions.
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CHAPTER IV

FINDINGS

Total Cell Cultural Growth Kinetics

Turbidimetric growth curves were constructed forBalinultivorans strains
cultivated under batch test culture conditions in LB under standard growth conditions for
the present study. As can been seen in Figure 2, no significant differeneeslarn
among the type or clinical strains with regard to overall cultural tiréimetics including
both generation time and total biomass. These data suggest that all strains are
phenotypically similar with regard to their overall physiology under standa

experimental cultivation conditions and are confirmatory of isolate identity.
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ODe20

0.01

Time (h)

Figure 2. Total cell density growth kineticsBfmultivorans variant strains cultured in
LB. Symbols: (A)e, ATCC BAA-247;v, AZO1;m, AZ02; 4, AZ03 and (B)e, AZ04;
v, AZO5; m, AZ06; ¢, AZO7.
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Colonial Morphology and Capsulation Assessment

Colonial morphology was assessed after cultivatindtimaultivorans type and
clinical strains on LBA for 3, 24, and 48 h at 37° C. The type strain and all but one of the
clinical strains exhibited the butyrous colonial phenotype, while strain AZfifiped
highly mucoid colonies (Table 1, Figure 3). Microscopic assessments of ERftiaps
were performed on cells after incubation for 24 and 48 h (Table 1). Only strains AZ03
and AZO7 express EPS. All others, including the type strain, failed to do so. AHiaf st
AZ03 cells were moderately to heavily capsulated in a manner conswstienis highly
mucoid colonial morphology. It should be noted that while approximately 30% of
butyrous strain AZ07 cells were heavily capsulated at 24 h, 10% of the cedl®omhgr
slightly capsulated at 48 h. A direct microscopic comparison of the butyrous
noncapsulated strain AZ04 and the mucoid capsulated strain AZ03 can be seen in Figure
4. These findings strongly suggest the mucoid colonial phenotype is afuatthe

degree to which the cell surfaces of eBchnultivorans strain are capsulated with EPS.

19



Table 1. Microscopic capsulation and cell surface hydrophobicity analyBes of
multivorans variant strains

Colonial India ink stain Gentian violet
consistency for capsulafion  uptaké
Organism
24 48 18 24
Burkholderia multivorans
ATCC BAA-247 Butyrous 0 0 0 0
AZ01 Butyrous 0 0 0 0
AZ02 Butyrous 0 0 ++ 0
AZ03 Highly mucoid +++  ++ 0 0
AZ04 Butyrous 0 0 + ++
AZ05 Butyrous 0 0 0 0
AZ06 Butyrous 0 0 0 0
AZ07 Butyrous R 0 0

%Capsulation was graded as follows: 0, none; +, slight; ++, moderate; +++, heavy
Cultures were cultivated on LBA for 24 and 48 h.

Only 30% and 10 % were capsulated at 24 and 48 h respectfully.

“Cultures were grown on LBA for 18 and 24 h. Colonial uptake of gentian violet was
graded as follows: 0, white; +, slight; ++, moderate; +++, heavy.

Figure 3. Cultural growth d8. multivorans variant strains on LBA at 37°C for 3 h (A),
24 h (B), and 48 h (C). Strains: a, ATCC BAA-247; b, AZ01; ¢, AZ02; d, AZ03; e,
AZ04; f, AZO5; g, AZ06; h, AZ07.

20



Figure 4. Microscopic observation of the capsular phenotype with the aid of amkdia
negative stain protocol. Panels: (A) strain AZ04 and (B) strain AZ03.

21



Susceptibility to Antimicrobial Agents

Minimum inhibitory concentrations of nonpolar antimicrobial agents having
disparate mechanistic targets were obtained in order to assess stréssebaity and
outer membrane permeability properties for hydrophobic molecules (Zaldke
aeruginosa PAO1 and PA1211 strains were employed as refractory controls for each of
the antimicrobial agents whife multocida strain ATCC 11039 served as a susceptible
control. Because the macrobroth dilution bioassay is generally considensdlt@i
inherent experimental error of plus or minus one two-fold dilution, these data reveal n
significant MIC differences among the three nonpolar antimicrobial afgeritseB.
multivorans type and clinical strains. AB. multivorans strains are relatively resistant to
the hydrophobic molecules novobiocin, rifamycin SV, and triclosan in a manner
consistant with that of the refractory control organism, regardless of the degveih

they are capsulated.
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Table 2. Minimal inhibitory concentrations of nonpolar antimicrobial agent.for
multivorans variant strains

MIC (ug/mly
Organism Novobiocin Rifamycin SV Triclodan

Pseudomonas aeruginosa

PAO1 >512 64 >32

PA1211 >512 128 >32
Pasteurella multocida

ATCC 11039 4 1 0.0625
Burkholderia multivorans

ATCC BAA-247 32 >256 >32

AZ01 32 >256 >32

AZ02 16 64 32

AZ03 16 128 >32

AZ04 16 64 >32

AZ05 16 64 32

AZ06 32 64 32

AZ07 32 128 >32

®Each value was obtained from three to four independent twofold serial dilutions.

PEthanol (<0.4% final concentration) was employed to facilitate triclosan tyuarid
exhibited no effect on control growth (data not shown).
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Cell Surface Hydrophobicity

The uptake of the hydrophobic dye gentian violet was used to assess relative ¢
surface hydrophobicity properties on a preliminary basis (Table 1). X8tarof growth,
the AZ02 strain appeared moderately hydrophobic, as indicated by the mogerate d
uptake, while AZ04 appeared only slightly hydrophobic. The remaining strdet tia
take up the stain. After 24 h of growth, the hydrophobicity of strain AZ04 increased t
moderate level while all other strains appeared hydrophilic.

In order to more quantitatively assess relative cell surface hydrogiyobici
properties, the ability to partition into n-hexadecane was measured using a icoralent
hydrocarbon adherence method (Rosenbealy, 1980)as modified by our laboratory
(Darnellet al., 1987; Theis and Champlin 1989; Waeital., 2003). AlIB. multivorans
strains may be considered hydrophilic to moderately hydrophilic when codripeoéher
gram-negative organisms (Darnetllal., 1987; Theis and Champlin 1989; Wetttl .,

2003). When compared with each other, however, statistically significanediétes can

be seen with the most capsulated strains AZ03, and AZ07 being the most hydrophilic
(Figure 5). In contrast, noncapsulated strain AZ04 (Table 1, FiguresAheanost
hydrophobic of the strains in a manner consistent with the ability of its colonggeeto t

up gentian violet (Table 1). The remaining type and clinical strains abigdhicell

surface hydrophobicity properties intermediate between the extrerhese fiesults

reveal strain AZ04 to be the most hydrophobic tested while strains AZ03 and AZ07 are
the most hydrophilic, thereby suggesting an inverse relationship betwesuartate

hydrophobicity properties and EPS capsulation, based pm the degree to which colonial
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biomass absorbed the hydrophobic dye gentian violet and cells partitioned into the

hydrocarbon n-hexadecane.
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BAA-247 AZO1 AZ02 AZ03 AZ04 AZ05 AZ06 AZO7

Figure 5. Cell surface hydrophobicity propertieBoiultivorans variant strains
cultured in LBB as determined using the hydrocarbon adherence method. Each value
represents the mean of three to four independent determinations + standard error.
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Potential to form Biofilms

The ability of EPS phenotypically varialat multivorans strains to form biofilms
in polystyrene microtiter wells was assessed after incubation for redponential
phase), 24 h (early stationary phase), and 48 h (late stationary phase) using a
conventionain vitro assay (Figure 6). Strains AZ02 and AZ06 initially adhered to the
polystyrene wells presumably due to their lack of capsulation and sligittghobic
cell surfaces; however, the decrease in adhesion over time during syapibase is
indicative of an inability to form true biofilms. Strains BAA-247 and AZOlalduleted
initial adhesion due to their slightly hydrophobic cell surfaces, however theeappa
slight biofilm production seen at 24 h failed to continue after 48 h of incubation.
Hydrophobic noncapsulated strain AZ04 exhibited the greatest initial adhet&icgedt
failed to produce a biofilm over time. Strain AZO5 initially adhered to theiplasa
very low level and appeared to form a significant amount of biofilm by 24 h. However
this apparent biofilm production declined by 48 h.

Highly mucoid strain AZ03, which exhibited both the greatest EPS expression
and hydrophilic cell surface properties, exhibited no initial adhesion to pagsty
Moreover, it increasingly adhered in a time-dependent manner at 24 h and 48 h, making it
the only strain to continuously produce a biofilm. The lesser capsulatedoyet als
hydrophilic strain AZ07 both adhered initially and exhibited a significamusrof
biofilm production at 24 h. However, the biofilm decreased by 48 h. These data are
consistent with the notion that EPS precludes initial nonspecific adhesion to the

hydrophobic plastic seen by less capsulated and noncapsulated strains which possess
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relatively nonpolar surfaces, while the possible down-regulation of EP Ssdibow

controlled adhesion and subsequent biofilm production over time.

0.16
I 3 hr
0.14 = 24 hr
I 48 hr
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<8 0.08 A T
0.06
0.04
0.02 i
0.00 - T T T T T

BAA-247 AZO1 AZ02 AZ03 AZ04 AZ05 AZO6 AZ07

B. multivorans strains
Figure 6. Biofilm formation potential &. multivorans variant strains. LBB cultures

were cultivated at 37°C in polystyrene microtiter wells for 3, 24, or 48 h. Each value
represents the mean of three independent determinations + standard error.
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CHAPTER V

CONCLUSION

B. multivorans is an opportunistic etiological agent in CF and CGD patients for
which its physiological properties and virulence factors are poorly understbed. T
purpose of the present study was to characterize and compare the outer cell envelope
physiology of &B. multivorans ATCC type strain, with seven clinical phenotypic variants
which exhibit disparaten vitro andin vivo virulence properties (Zelazrey al., 2008).

No significant differences were noted amdhgnultivorans strains with regard to
batch cultural growth kinetics, thereby suggesting phenotypic similaitih regard to
overall physiology and unity with regard to identity. The mucoid cell surfaceopyyee
was found to be a function of the degree to which &aahultivorans strain is capsulated
with EPS. AlIB. multivorans strains are relatively resistant to the hydrophobic
molecules novobiocin, rifamycin SV, and triclosan, regardless of the degree to which
they were capsulated. These data indicate that the cell envelopes airad| ate
uniformly accessible and permeable to nonpolar compounds which have been solubilized
in aqueous medium. Cellular capsulation was inversely related to cell surface
hydrophobic properties as judged both on the basis of the degree to which colonial
biomass absorbed the hydrophobic dye gentian violet and the degree to which eells wer
able to partition into the hydrocarbon n-hexadecane. The ability to form biafithmeot

appear to be directly related to the degree to whicBthmiltivorans strains were
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capsulated. However, regulation of EPS expression may play a rolenimgand
maintaining biofilms as observed in the most highly capsulated strain. Al@3se data
support the hypothesis that while EPS production may affect the abiBtynafitivorans
to bind to host cells, it does not hinder the accessibility of the outer celbestofa
nonpolar antimicrobial agents or presumably, host cell surfaces.

The highly capsulated and mucoid strain AZ03 was the most hydrophilic and
exhibited the greatest propensity for biofilm formation of all therstrakamined in the
present study. We speculate that the AZ03 EPS plays a vital role in avoidbagi/e
immune system enabling a biofilm to be established in pulmonary tissaeshy setting
up conditions which potentiate chronic infection as seéh aeruginosa models. EPS
expression may be down regulated concomitantly with biofilm formatiqu(€i7) as
preliminary microscopic capsule assessments in this laboratory syggdistihary
data). This model is consistent with present data in whicinti&o andin vivo
virulence properties of AZ03 in CGD where mortality occurs 100% with 10 days of
infection (Zelaznyet al., 2008). In contrast, the five strains which failed to initiate
vitro biofilm formation might employn vivo cell-to-cell signaling withP. aeruginosa
biofilms to facilitate establishment of a mixed biofilm as seen Rittepacia
(Mahenthiralinganet al., 2005).

Future extensions of the present research will involve more detailed congarat
analyze of the mucoid hydrophilic strain AZ03 and the most hydrophobic strain AZ04
with regard to colonial morphology, microscopic EPS production, cell surface
hydrophobicity properties, and biofilm production at different points inrtvero

growth curve (e.g. 3, 24, and 48 h post inoculation). The fluorescent probe 1-N-
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phenylnaphthylamine will be employed to more accurately assess thdgitaibd the

outer cell envelope to hydrophobic substrates such as host tissue. It is anttbigiated
such data will contribute to a better understanding of the basic physiol&gy of
multivorans with regards in the molecular mechanisms and virulence factor underlying
its opportunistic pathogenicity in diseases such as CF and CGD. Chardotenz&PS
and cell envelope lipid composition will also provide additional needed information.
Molecular approaches featuring PCR and rtPCR will allow further inpigttéining to

the regulation of EPS expression.
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Normal pulmonary tissue cell Infected pulmonary tissue cell

(=) >
@ @ Down regulation

. . of Relatively hydrophobic
Relatively hydrophilic EPS biosynthesis  adherent cells as biofilm
planktonic cells is established

Figure 7. Proposed paradigm to explain possible relationship between EP Sticapsula
cell surface hydrophobicity, and the propensitynofitro biofilm formation inB.

multivorans. While capsular material is produced in copious amounts during the
exponential phase of growth, the cessation of active growth is accompanied by the
concomitant down regulation of EPS expression, thereby allowing for adhesion to host
tissues and initiation of biofilm establishment.
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