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THE EFFECT OF MEDIA SELECTION ON THE FATTY ACID COROSITION AND

MEMBRANE CHARACTERISTICS OFSTAPHYLOCOCCUSAUREUS

Seth Johnson

23 Pages May 2014
The cellular membrane is a vital structure to aragoganism and impacts important
aspects of environmental regulation and growth. Pphgsical structure of cellular
membranes plays a key role in bacterial growth at temperatures, membrane
permeability and susceptibility to membrane acthaecules as well as broader aspects of
bacterial physiology and pathogenesis. Mueller éfirhedium is the required medium for
antimicrobial susceptibility testing in the US, Ibkiere are many other types of media used
in staphylococcal research. Different media varyhi@ir nutrient compositions, and the
effect of media composition on bacterial physiolagincompletely understood. The aim
of this study is to elucidate possible mechanismdeudying alterations to important
membrane characteristics &faphylococcus aureus when grown in different nutrient
media. The characteristics of interest in this gtace fatty acid composition, membrane
fluidity and carotenoid content of the cellular ntmame. Each of these characteristics
plays an important role i&. aureus growth, virulence and resistance to antibiotigs.
aureus cells of different strains were grown on a numbérmedia types and their
membrane characteristics were investigated. Gramvttiueller Hinton medium yielded

cells with a much higher content of branched-clfaity acids in their cellular membranes



compared to cells grown in Tryptic Soy Broth or iBreleart Infusion broth. However, the
membrane of Mueller-Hinton Broth grown cells wassl@8uid than cells grown in other the
other media types, which appeared to be due todagbtenoid content in Mueller Hinton
grown cells. Growth in Serum yielded cells with snal unsaturated fatty acids. Changes
in bacterial physiology attributed to media selattcould cause a rethinking of which
types of media are used for antimicrobial suscépiltesting as well as other important

experimental procedures.
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CHAPTER |

INTRODUCTION

Saphylococcus aureus is a facultative anaerobic Gram-positive coccaltéaum,
and is a common component of the flora on the akohnasal passages (Klutymans et al.,
1997). S. aureus infections are a global health concern due toitlveeasing rates of
antibiotic resistance observed for many of the entlty available antibiotics on the
market. Due to the threat of multiply antibioticsigantS. aureus, various features of
staphylococcal biology are being investigated t@aexi our understanding of the
organism’s physiology, antibiotic resistance anthpgenesis.

S aureus is one of the most prevalent pathogens of humaassing pneumonia,
food poisoning, and toxic shock syndrome in additio various suppurative diseases.
Frequently appearing as grape-like clusters of ggolgigmented coloniess. aureus
contains a host of virulence factors that enal@ebifcteria to effectively colonize its host.
Enzymes such as coagulase, hyaluronidase, lip&ta;ldctamase and staphylokinase
work in conjuction to prevent phagocytosis by hastmune cells and alter the
surrounding environment to increase the spreadhefbicteria. Other virulence factors
such as the golden pigment staphyoxanthin are itapbantioxidants that prote&

aureus from host reactive oxygen species. Every yeasecto half a million Americans



contract &. aureus infection during their stay in a hospital (Boxets®999). The cost of
hospital acquireds. aureus infections runs into the billions globally and ¢htens to
continue to grow a$. aureus continues to evolve mechanisms to combat the anitbi
arsenal. Scientists across the globe are invesiggatany aspects @& aureus biology in
order to uncover novel chemicals or targets togorfiections back under control.

Cellular Membrane

The composition of a microorganism's cellular meamle is an interesting site for
investigation as membrane physical structure ingpatany aspects of cellular growth
and affects an organism's ability to respond tarenwmental stress (Annous et al., 1997,
Suutari and Laasko, 1992). The physical state adllmembrane is manipulated by the

incorporation of a mixture of fatty acids with difent melting temperaturesrg into

phospholipids. Membrane phospholipid composition crsicial to temperature and
osmotic regulation, and changes in normal membcameposition may prevent growth
under stressful conditions (Kikuchi et al., 2008).decrease in temperature increases
membrane rigidity and many bacteria respond bye&sing the proportion of unsaturated
fatty acid incorporated into the phospholipids. Whmeembrane fluidity increases due to
rising temperature in the environment, the propartiof unsaturated fatty acids
incorporated into the membrane decreases (ZhandgRack, 2008). However, the role
that nutrient media may play in membrane compasittopoorly understood. Nutrient
media come in a variety of mixtures to encourage dlowth of microorganisms, but
what effect if any the makeup of the media may hmvenembrane physical structure has

not been thoroughly and systematically investigated



An interesting observation by a PhD student YanggSsparked the interest in
this project. While working on an alternate projexang sent off samples & aureus
grown in different media types (Mueller Hinton, MHBryptic Soy Broth, TSB; and
Brain Heart Infusion, BHIB) for fatty acid analysiShe was surprised to note that e
aureus cells grown in MH medium had membrane compositiohsver 80% branched
chain fatty acids (BCFAS) compared to TSB and Bikhjch had compositions of ~60%
BCFAS.

Unsaturated fatty acids increase membrane fluidityen incorporated into
phospholipids, reducing the need for further desdéitan of existing lipids (Aguilar et al.,
2001). De novo fatty acid synthesis is an energgnsive process; certain bacteria such
as S aureus are able to uptake exogenous unsaturated fattls dbrough a pathway
which may act as an energy saving mechanism (Parsbral., 2011). It has been
suggested that the bacterial cell membrane is @wapt at the limit of stability by the
introduction of non-bilayer lipids into the membeato allow a flexible response to
extracellular stimuli that disturb the membranepbigsical properties (Jorach et al., 1998,
Morein et al., 1996). Membrane lipids are fluid tine liquid-crystalline state but

become rigidified when the temperature drops betbev T, of the membrane. The

fluidity of the membrane is required for movement activity of membrane proteins;

therefore it is paramount to bacterial survivaltthig, is adjusted during growth at lower

temperatures (Seltmann and Host, 2002). Gram-gesitiganisms typically increase the
BCFA content of their membranes to aid in theirvgioat low temperatures (Annous et

al., 1997; Suutari and Laakso, 1992).



S aureus colonies are distinct for their golden color caldyy the carotenoid
pigment staphyloxanthin. Staphyloxanthin promokeskiacterium’s resistance to reactive
oxygen species and host neutrophil-based killing @t al., 2005; Clauditz et al., 2006).
In addition to the antioxidant properties of canatiels, staphyloxanthin can also alter
membrane fluidity, which is important in protectiagainst host defenses mediated by
cationic peptides (Mishra et al.,, 2011a). Basedtlom contributions of carotenoid
pigments toward staphylococcal fitness, inhibit@ncarotenoid biosynthesis is viewed
as a potential therapeutic target in treafingureus infections (Liu et al., 2008).

Media Effects on Staphylococcal Membranes

MHB medium is the required media for antibiotic sgstibility testing in clinical
microbiology laboratories in the United States (blal Committee for Clinical
Laboratory Standards, 2006). In a study by Mishraale (2011b),S aureus with
increased membrane fluidity was associated withiedsed susceptibility to daptomycin
and other microbial peptides. If it is determinéatt nutrient media selection impacts
important aspects of membrane physiology such &g &tid composition, carotenoid
content, or membrane fluidity it may cause a redimg of which media types are used
for a wide variety of experimental protocols.

Analysis ofS aureus wound cultures in clinical laboratories is perfesnsolely
using MH media, but academic research Sraureus utilizes a variety of media of
varying composition. With such a wide variety oflm@n and amino acid sources used in
S aureus growth there has been little directed researclo inbw the membrane

physiology ofS aureus may be affected by such diversity in growth coodi. Previous



research has noted that alterations in charactsrist the cellular membrane such as
fatty acid composition, carotenoid content, and fmeme fluidity have effects of.
aureus virulence, resistance and growth.

In order to elucidate any connection between mitrimedia selection and
alterations in cellular membrane characteristic&.iaureus we undertook this study to
answer our primary objective by documenting thatemwlgrown in different nutrient
media, the fatty acid composition, membrane flyidibhd carotenoid content 8f aureus
cells is altered. Our study hypothesized that thassracteristics will be significantly
altered inS aureus cells between different media types due to théetsaof carbon and
amino acid sources present in different media. dditeon, we sought to document
membrane property differences in fatty acid comjpmsi membrane fluidity and
carotenoid content between various strain§ adureus grown in multiple media types.
We hypothesized that antibiotic resistant bacterih respond differently to different
media types and exhibit altered membrane charatitaxicompared to the susceptible
parent strains.

The outcome of this project could prove vital fature clinicalS. aureus testing
because variation of membrane characteristics dugFawth media may impact testing
results. Accurate clinical testing is an essertal for medical providers to tailor their
treatment regimens to each patient’s specific needth the results of this study, we
expect to gain a greater understanding of how medmposition altersS aureus
membrane physiology and spark a debate as to whigtHanedia should continue to be

the standard for clinical lab testing &faureus.



CHAPTER I
MATERIALS AND METHODS

Nine stains ofs. aureus were chosen to compare the effects of growth inBviid
TSB media on membrane characteristics. COL-R (&stetlied MRSA strain), ATCC
29213 (extensively used in antibiotic susceptipiitudies), VISA strains 13136np" V5,
13136 pm* V20 and their parent 131361p, daptomycin-resistant strain CB1540d its
parent strain CB1118, SH1000 and SH1000-BKD. Tls&sens were chosen because
they were available in house and provided an ap@tgorange of antibiotic resistance as
well as comparative value between parent and msteaihs. Strains were grown in
MHB and TSB to mid-exponential phase and analynddplicate for each experiment.

Methanol Extraction of Carotenoids

Cultures ofS. aureus were grown overnight in 50 ml flasks containingriDof TSB at
37°C with shaking at 200 rpm. Cultures were thatutated in 250 ml flasks containing
50 ml of media and grown to mid exponential phasil @xponential phase was
determined through periodic spectrophotometric miessents of media cultures until
ODsoonmreached-0.6) in (MHB, TSB). Samples were subjected to madhaxtract
following the protocol of (Morikawa et al 2001) dsscribed in (Davis et al 2005) and

the total carotenoid content analyzed by analyfsilae)OD460



Sample Collection for Fatty Acid Analysis

Cultures ofS. aureus were grown overnight in 50 ml flasks containingrlDof media at
37°C with shaking at 200rpm. The samples were theculated in 250 ml flasks
containing 50 ml of media and grown to mid exporamthase in at 37°C with shaking
at 200 rpm. The cells were then harvested in mgbagntial phase (OD600 0.6) by
centrifugation at 3000 x g at 4°C for 15 minuted #me pellet were washed three times in
cold distilled water. The samples were then senE&ity Acid Methyl Ester (FAME)
analysis whereby the fatty acids in the bacteedbq30 to 40 mg wet weight) are
saponified, methylated, and extracted. The reguhethyl ester mixtures were then
separated using an Agilent 5890 dual-tower gasnscatograph and identified by Midi
microbial identification system (Sherlock 4.5 mioia identification system) at
Microbial ID, Inc. (Newark, DE).

Serum Growth

Bovine growth serum (Fisher Scientific) was aliqeebinto 10 ml and 50 ml samples in
50 ml and 250 ml flasks respectively. The aliguatedim was incubated in a water bath
at 56°C for 30 min to heat inactivate any complenpeateins. SH1000 and SH1000
BKD were grown for 24 hours in 50 ml of serum i8%0 ml flask at 37°C with shaking
at 200 rpm.

Membrane Fluidity

The fluidity of the cell membranes of tv®aureus strains(SH1000, SH1000
BKD) were measured by fluorescence polarizationsueaments using

diphenylhexatriene (DPH). Following the protocosdebed in Mishra et al.( 2011a),



overnight cultures of each strain were grown in TEB7°C with shaking at 200 rpm.
Samples were inoculated and mid exponential phalseres were grown in MHB, TSB,
LB and BHI then harvested and washed twice in 0.88%vol) NaCl. The pellets were

then resuspended in 0.85% (wt/vol) NaCl contairirgM DPH to an Olgnynof about

0.3. Fluorescence polarization measurements weasumed using a PTI Model QM-4
Scanning Spectrofluorometer. The experiments werlopned on three fresh batches for
each strain with SH1000 grown in all four media BTHB, BHI and LB) and SH1000
Bkd grown in two media, BHI and TSB.

Comparison of the Effects of Different Media on iditomposition

The preliminary results of the effect of mediaesébn on membrane
fluidity, carotenoid content and fatty acid compiasi required further experimental
support. In an effort to further document the dffet media selection on membrane
characteristics, two strains &8f aureus (SH1000 and SH1000 BKD) were grown in an
even wider array of nutrient media (MHB, TSB, BHB, Tryptone Broth (TB), Mueller
Hinton Oxoid (OX), Cy Broth (Cy), Cation supplemedt MHB, defined media
(Towsend and Wilkinson,1992)) and subjected to ghme experimental approach as
previously described. The BKD mutant contains aaciivated branched-chaimketo
acid dehydrogenase (BKD) enzyme complex that id byethe wild type strain (SH1000)
to catalyze the early stages of BCFA production.cBynparing the BKD mutant to the
wild type SH1000 strain a better idea of h@wvaureus membrane characteristics are
affected by media choice can be examined. The SB1$@@in is a derivative of NCTC

8325 and has thresbU mutation repaired making the strain more robugisinesponse to



environmental stress thus making it a good cordt@in that has been used by many

authors in their studies of staphylococcal biology.



CHAPTER IlI

RESULTS

Methanol Extraction of Carotenoids

To test the hypothesis that carotenoid compostaimnges in different nutritional
conditions, nine clinicab. aureus isolates were grown overnight in either MHB or TSB
Carotenoids were methanol extracted and concemsatheasured by QR,nas
described in methods and materials. The initiah diatm the methanol extract of
carotenoids from different strains &faureus grown in MHB vs TSB indicate that in all
but one strain (SH1000 BKD) TSB increases the curdecarotenoids in the cell
membrane (Figure 1). Next, we focused on the pyptcal strain SH1000 and its BKD
mutant to further expand and compare the typeseafiantested. In the media comparison
between SH1000 and its BKD mutant the media wighléingest content of carotenoids
for both strains during each phase of growth wasBMHgure 2, Figure 3). Itis
important to note that the growth rates of bothies ofS. aureus varied greatly between
media. In media such as TSB and BHI has reachepdHhage within 3 hours of
inoculation, while in media such as MHB and TBoibk as long as 7 hours to reach log
phase and up to 13 hours to reach stationary plasadata from the media comparison

of SH1000 and its BKD mutant also indicates thatdlbmedia types except for Serum
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and MH Oxoid the amount of carotenoid in the calluhembrane is greater in BKD
compared to SH1000 in the log phase of growth (f&i@). The trend is similar in the
stationary phase as the carotenoid content of B&IB surpasses SH1000 in all medias

except for MH Oxoid and Cy Broth (Figure 3).

Figure 1. Mean Carotenoid Content 8f aureus Strains Grown in MHB vs TSB
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Figure 2. Carotenoid Content of SH1000 vs SH1000 BKD at Pbgse of Growth
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Figure 3. Carotenoid Content of SH1000 vs BKD Cells at Sty Phase of Growth
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FAME Analysis

As noted earlier, unsaturated fatty acids increassmbrane fluidity when
incorporated into phospholipids of the cellular neame. In order to determine the
composition of the cellular membranes Sfaureus grown in different media, samples
were collected and subjected to FAME analysisiffecent nutrient media have varying
effects on the biosynthesis of fatty acids by tekwe would expect to see differences in
the ratios of BCFA and SCFA between cells growmlifferent media. Analysis of the
initial FAME data indicates th&& aureus cells grown in MHB exhibit a greater ratio of
anteiso/iso fatty acids incorporated into the daflinembrane compared to cells grown
in TSB (Figure 4). The data also indicate tBatureus cells grown in MHB have an
increased percentage of BCFAs incorporated intezétilalar membrane compared to
TSB in all but two strains COL-R and 1313@mp V5 (Figure 5). The initial data

indicates tha&. aureus cells grown in TSB have an increased percenta@CHiAs

12



incorporated into the cellular membrane in all tud strain COL-R and 13136m" V5
(Figure 5). The initial data are supported by tatadrom the comparison of SH1000 and
the Bkd mutant in various media types. The compariata indicates that when grown
in almost any media SH1000 will have a greater graage of BCFA than the BKD
mutant (Figure 6). The comparison data substastiateinitial data in that cells grown in
MHB have a greater percentage of BCFAs comparecelis grown in TSB for both
strains (Figure 6). The comparison data also sobatas the initial FAME data that cells
grown in MHB will have a greater anteiso/iso ratiompared to cells grown in TSB
(Figure 7). Of particular interest are the FAME fges of SH1000 and BKD cells grown
in bovine serum (Figures 8 and 9). The profileseium grown cells contrast with those
of S aureus grown in other media types as both SH1000 andBtkB mutant exhibit
high concentrations of fatty acids containing odunbered carbon chains, compared to
cells grown in other medias where even number carbontaining fatty acids
predominate. The membranes of serum grown celts @stain greater amounts of iso
BCFAs than anteiso BCFAs, as opposed to cells giavather medias (MHB, TSB, LB)
where anteiso BCFAs comprise a greater percenthffgeanembrane than iso BCFAs

(Figure 7).

13



Figure 4. Anteiso/Iso ratio oBaureus Strains Grown in MHB vs TSB
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Figure5. BCFA vs SCFA Content if. aureus Strains Grown MHB Compared to TSB

BCFA vs SCFA

90.000
80.000
70.000
60.000 3
50.000
40.000 -
30.000 -
20.000 -
10.000 - u BCFA
0.000 W SCFA

0 e e N ] Y
@‘\ © @‘\ © @Q @ﬁ«" S Q@g @“ © %@ @“ ©
NN QQQ\Q @ S

-
m———
=1
|
——

% FA Composition

\:oV N2 N

&°C '9’1"‘9 Qa“(?& Q')\’\/Cb o 5
OO C C NS )
(/’\ 0)'\

e e

S. aureus Strain in MHB/TSB

14



Figure 6. SH1000 vs BKD BCFA and SCFA Content when Grown ifiedbent Media
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Figure 7. Anteiso/Iso Ratios of SH1000 vs BKD Cells GrowrDifferent Media
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Figure 8. Comparison of the FA Profiles of SH1000 Cells &nan Different Media
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Membrane Fluidity

In an effort to determine if any variation in mermbe fluidity could be observed between
S aureus cells grown in different media types, samples wekected and subjected to
fluorescence anisotropy. Using a fluorescent dydd DRat can permeate the cellular
membrane and be excited by laser, a determinafiarembrane fluidity can be assessed.
The lower the value of the fluorescence reading, greater the fluidity of the cellular
membrane. The initial fluorescence anisotropy messants indicate the membrane of
SH1000 cells grown in TSB media are more fluid tbals grown in MHB (Figure 11).
These results are indicated by the lower polappatialues seen in TSB-grown cells
compared to MHB-grown cells. The initial measuretaeimdicated that MHB-grown
SH1000 cells had the least fluid membrane compiareélls grown in TSB, BHI and LB
(Figure 11). The initial measurements indicate 8td1000 Bkd cells grown in TSB have
greater membrane fluidity than cells grown in BHHigure 12). These results are
substantiated by the comparison results (Figurewt@igh indicate that cells grown in

TSB have membranes more fluid than cells grown HBv

17



Figure 10. Membrane Fluidity of SH1000 vs BKD Cells Grown ifffBrent Media
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Figure 11. Membrane Fluidity of SH1000 Cells Grown in DiffateMedia
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Figure 12. Membrane Fluidity of SH1000 BKD Cells Grown in BEfent Media
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CHAPTER IV
DISCUSSION
The data from each portion of our study paintsrdusing picture of the
membrane dynamics & aureus cells grown in different media. The fatty acid gsad
data from each portion of our study would indictu#t S. aureus cells grown in MHB
should have the most fluid membranes due to the ¢ognposition percentage of BCFAs.
However, the fluidity data from each phase of tluelg indicates otherwise with
MHB-grown S. aureus cells having some of the most rigid membranesgfraedia type.
The picture becomes somewhat more clear when téec®id content of the cells are
taken into account. Carotenoid pigmentSadureus provide integrity to the cellular
membrane and limit oxidative host defense mechan{fmshra et al., 2011a). Cells
grown in MHB had the highest carotenoid levelsmf enedia type for SH1000 and the
Bkd mutant (Figures 2, 3). It is possible thathigh carotenoid content of cells grown in
MHB provides stability to the membrane counteragtime increased fluidity of the high
BCFA content.
The data provides an interesting insight intodifierent effects that media
composition can have on cellular membrane chaiatits. A great deal of variation can
be seen between media types in fatty acid compasitiarotenoid content and membrane

fluidity lending credence to our broader hypothélsst media composition affects these
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characteristics of the cellular membrane. Certands can be identified in our data but
without much statistically significant data to prae firm evidence. However, we were
able to illustrate distinct differences in certeiembrane characteristics for two of the
most widely used media types in research and elifédoratories TSB and MHB.

Of particular interest are the results of the SBOLAnd BKD cells grown in
bovine serum. These serum grown cells had fatty pr@files quite unlike the cells
grown in any other media with high content of oddntered unsaturated fatty acids
(Figures 8 and 9). These profiles raise the questiavhether the compositions of
nutrient media are altering the cellular membrdmaracteristics in significant ways that
are not seen when the bacteria are growing in & hbe effect that different growth
conditions might have on fatty acid biosynthesis vilastrated by the variation in the
fatty acid profiles of the different growth mediée prevalence of certain media such as
MHB to favor antieso fatty acid synthesis while n@eslich as TSB favored a more even
synthesis between anteiso and iso fatty acids ¢d@ndiscounted. That Serum grown
cells would exhibit fatty acid profiles unlike ethMHB (the commonly used clinical
media) or TSB (a commonly used research mediagmsfisant for its implications.

More research is required to further investigaie guestion because the answers are of
the most importance for the future of clinical tating of patient samples. This finding
is important in consideration & aureus growing in vivo in an infection versus in vitro

in a laboratory media.

21



REFERENCES

1. Aguilar P.S., Hernandez-Arriaga A.M., Cybulski L,.Erazo A.C., de Mendoza D.
(2001).Molecular basis of thermosensing: a two-congnt signal transduction
Thermometer in Bacillus subtilis. EMBO J 2001;2@1691.

2. Annous B. A., Becker L. A., Bayles D .O., LabedaF and Wilkinson B. J1997).
Critical role of anteiso-C15:0 fatty acid in theogith of Listeria monocytogenes at
low temperatures. Appl. Environ. Microbiol. 63: 388894. PMID: 9327552

3. Clauditz A., Resch A., Wieland K.P., Peschel A.{23& (2006). Staphyloxanthin
plays a role in the fithess &faphylococcus aureus and its ability to cope with
oxidative stress. Infect. Immun. 74:4950-4953.

4. Clinical Laboratory Standards Institute. (2006).tMuls for dilution antimicrobial
susceptibility testing for bacteria that grow aecably, approved standard, 7th ed.
M7. A7. Clinical and Laboratory Standards Instifiwéayne, PA.

5. Davis A.O., O'Leary J.O., Muthaiyan A, Langevin NDElgado A, et al(2005)
Characterization o®aphylococcus aureus mutants expressing reduced
susceptibility to common house-cleaners. J Applrbb@l 98:364-372.

6. Jorasch P., Wolter F.P., Zahringer U., Heinz H1898). UDP glucosyltransferase
from Bacillus subtilis successively transfers up to four glucose resitimés2-
diacylglycerol: expression gpfP in Escherichia coli and structural analysis of
its reaction products. Mol Microbiol 1998;29:419-30

7. Kikuchi S., Shibuya 1., Matsumoto K2000). Viability of anEscherichia coli pgsA
null mutant lacking detectable phosphatidylgly¢arad cardiolipin. J Bacteriol
2000;182:371-6.

8. Kluytmans J., van Belkum A., Verbrugh Buly 1997). "Nasal carriage of
Saphylococcus aureus: epidemiology, underlying mechanisms, and assediat
risks" Clin. Microbiol. Rev. 10 (3): 505-20.PMID 22864

9. Liu C.I,, Liu GY., Song Y., Yin F., Hensler M.Eleng W.Y., Nizet V., Wang A.H.,
Oldfield E. (2008). A cholesterol biosynthesis inbor blocksSaphylococcus
aureus virulence. Science 319:1391-1394.

10. Liu G.Y., Essex A., Buchanan J.T., Datta V., Hoffmt&.M., Bastian J.F., Fierer J.,
Nizet V. (2005).Saphyl ococcus aureus golden pigment impairs neutrophil killing
and promotes virulence through its antioxidantwatgtiJ. Exp. Med. 202:209-215.

11. Mishra N., Liu G., Yeaman M., Nast C., Proctor RcKinnnel J., & Bayer A.
(2011a). Carotenoid-related alteration of cell meanb fluidity impacts
Saphylococcus aureus susceptibility to host defense peptides. Antimicab
Agents and Chemotherapy, 55(2), 526-31. PMID: 27965

22



12. Mishra N., McKinnell J., Yeaman M., Rubio A., N&3t, Chen L., Kreiswirth B.,
and Bayer A(2011b). In vitro cross-resistance of daptomycin host defense
cationic antimicrobial peptides in clinical methlici-resistantSaphyl ococcus
aureus (MRSA) Isolates. Antimicrob. Agents Chemothes:4012-4018. PMID:
21709105

13. Mishra N., Yang S., Sawa A., Rubio A., NastYeaman M., & Bayer A. (2009).
Analysis of cell membrane characteristics of imoAselected daptomycin-resistant
strains of methicillin-resistar&aphyl ococcus aureus. Antimicrobial Agents and
Chemotherapy, 53(6), 231

14. Morein S, Andersson A-S, Rilfors L, Lindblom G. @8. Wild-typeEscherichia
coli cells regulate the membrane lipid composition fwedow” between gel
and non-lamellar structures. J Biol Chem 1996;230169.

15. Morikawa K, Maruyama A, Inose Y, Higashide M, Halyald, Ohta T (2001).
Overexpression of sigma factor, sigma (B), ur§aphylococcus aureus to thicken
the cell wall and to resist beta-lactams. BiocheopBys Res Commun
288:385-389.2-8. PMID: 19332678

16. Parsons J.B., Frank M.W., Subramanian C., SaenlhaRock C.O. (2011).
Metabolic basis for the differential susceptibildlyGram-positive pathogens to
fatty acid synthesis inhibitors. Proc Natl Acad B8A 2011;108:15378-83.

17. Seltmann G, Holst O. (2002). The outer membranen@ragative bacteria, The
bacterial cell wall, Springer; 2002. p. 18-22.

18. Suutari M., Laakso S.. (1994). Microbial fatty ex@mhd thermal adaptation. Crit. Rev.
Microbiol.20:285-328.

19. Townsend D.E., & Wilkinson B.J1992). Proline transport i&aphylococcus
aureus.a high-affinity system and a low-affinity systenvolved in osmoregulation.
J Bacteriol 174: 2702—-2710.

20. Zhang Y., Rock C(2008). Membrane lipid homeostasis in bacteria. Nat
Rev.Microbiol. 6: 222-233. PMID: 18264115

23



	Illinois State University
	ISU ReD: Research and eData
	11-12-2013

	The Effect of Media Selection on the Membrane Characteristics and Fatty Acid Composition of Staphylococcus Aureus
	Seth Russell Johnson
	Recommended Citation


	Microsoft Word - 249135_supp_A0400D34-00AC-11E4-B8F5-566CEF8616FA.doc

