














be ardently debated. Typically, yeast cells are associated with moderate attachment
ability and little to no invasiveness and host damage. Thus, yeast cells are associated
with initial attachment and dissemination. Alternatively, the hyphal form is believed to
have strong adhesive ability, invasiveness, increased damage, dissemination across
epithelial cells, and host immune evasion. While hyphal cells can be found in tissue,
there are reports that yeast cells can be found as well. Likewise, commensal C.
albicans are believed to be of yeast morphology, while the invasive hyphae are believed
to be involved in infections (Cheng et al. 2012). In reality, it is the ability to express both
morphologies that leads to full virulence. This is evident by 2 lines of evidence. First,
biofilms of C. albicans that are locked into either morphological form are severely
attenuated in their growth and drug resistance (Baillie and Douglas 1999). Second,
Candida locked into either morphological form are avirulent (Baillie and Douglas 1999).
Inhibiting polymorphism has been successfully used to treat Candidiasis in mouse
models (Ramage et al. 2002). Targeting the virulence factors of C. albicans may prove
more effective and sustainable as a treatment option given that C. albicans cells remain
viable, thus, there are limited selective pressures that would promote or favor drug
resistance. However, only in obtaining a thorough understanding of the signaling
events and genetic controls of polymorphism and QS combined will there be effective

treatment options based on such.

Quorum Sensing as a Target for C. albicans Treatment

Farnesol appears to be a tempting mode of treating Candida infections as it
governs the morphogenic transition. However, the application of farnesol in vivo has

garnered mixed results. Farnesol has been shown in mouse models to provide
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protection in oral candidiasis (Hisajima et al. 2008). This has also been observed in
human cells where farnesol exposure increased host immune response as well as
inhibited morphogenesis (Saidi et al. 2006; Décanis et al. 2009). The effects of farnesol
on systemic candidiasis were less favorable as a treatment option. Mice in a systemic
candidiasis model that were administered farnesol had increased mortality and there
was an inhibition of immune function that made the mice more vulnerable to candidiasis
(Navarathna et al. 2007). In vitro, farnesol is able to inhibit Candida biofilms as well as

cause apoptosis in Candida cells (Ramage et al. 2002; Shirtliff et al. 2009).

Quorum Sensing as a Method of Controlling Polymicrobial Infections

Locking Candida into the yeast form could prove valuable in combating
polymicrobial infections. It is well documented that a number of bacteria preferentially
associate with the hyphae of C. albicans and in some instances are unable to attach to
the yeast form (Hogan and Kolter 2002; Tampakakis et al. 2009). Locking C. albicans
into the yeast form could reduce the colonization of bacteria and possibly diminish the
development of mixed species biofilms. Again, locking C. albicans into the yeast form
produces minimal biofilms that would also reduce the ability of Candida-bacterial
biofilms from becoming established (Baillie and Douglas 1999). Candida-bacterial
biofilms are more resistant to antifungals and antibiotics so this would reduce the
burden of long courses of treatment with high concentrations of antimicrobials, lead to
fewer instances of polymicrobial biofilms, as well as reducing the reservoir of infection.
In vitro testing of farnesol on bacterial biofilms has shown to work synergistically with
antibiotics, inhibit biofilm formation, and compromise cell integrity (Meiller et al. 2006;
Cugini et al. 2007; Peleg et al. 2008). Farnesol appears to have the ability to inhibit
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both the attachment and maturation phases of bacterial biofilm growth as well as
reduction in preformed biofilms and causes biofilm detachment (Unnanuntana et al.

2009; Cerca et al. 2012).

The targeting of C. albicans virulence factors, such as polymorphism, holds great
potential in both the treatment of monospecies C. albicans infections as well as
polyspecies Candida-bacterial infections. With the increases in drug resistance, the
large percentage of polymicrobial infections affecting patients, and the limited number of
antifungals there is a recognizable need for new applications to combat C. albicans. A
significant key to advancing new therapeutics may be the molecules and metabolites
microorganisms use, such as QS, during their own plight to survive when challenged by

other microorganisms.
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APPENDICIES

Supplemental Data

Supplementary Table 2.1. Genetic elements identified from the C. albicans Tn7 insertion library screen

Systematic Standard Tn7 Library Predicted/Known Predicted/Known
Name Name Location Number Biological Function Protein Localization
orf19.10 ALK8 ORF 16629 Enzymatic activity Endoplasmic Reticulum
orf19.23 RTA3 5" of ORF  4g8 Transport Membrane
orf19.344 - 3’ of ORF 181a2 Unknown Unknown

orf19.346 ~  -—--—--- 3’ of ORF  158c12 Enzymatic activity Cytoplasm
orf19.470*  ------ ORF 1337 Transcription DNA binding complex
orf19.511 - 5" of ORF  125c6 Enzymatic activity Cytoplasm

orf19.517 HAP31 5" of ORF  159f4 Transcription DNA binding complex
orf19.526 NHP2 ORF 128d3 RNA processing RNA binding complex
orf19.536 -—--—--- 3’ of ORF  122e7 Transcription DNA binding complex
orf19.860 BMT8 3’ of ORF  129a8 Cell wall associated Unknown

orf19.978 BDF1 5" of ORF  177c11 Transcription Chromosome
orf19.999 GCA2 ORF 133d12 Enzymatic activity Endoplasmic Reticulum
orf19.1040 MAD?2 ORF 125h1 Cell cycle Chromosome
orf19.1110  ---—--- 5’ of ORF 138d11 Enzymatic activity Cytoplasm
orf19.1201  ----—--- 5’ of ORF 184e2 RNA processing Mitochondria
orf19.1368  ------- 3" of ORF  75bl Unknown Unknown

orf19.1401 EAP1 5" of ORF  42f9 Adhesion Membrane
orf19.1523 FMO1 ORF 180c12 Enzymatic activity Unknown

orf19.1693 CAS4 ORF 154d11 Signaling Cell tip

orf19.1728  ------ ORF 16211 Unknown Unknown

orf19.1759 PHO23 ORF 134b7 Transcription RNA binding complex
orf19.1911 PGA52 ORF 134c6 Cell wall associated Membrane
orf19.1941 NUF2 5" of ORF  135b3 Cell cycle Chromosome
orf19.1996* CHA1 ORF 70a7 Amino acid synthesis Unknown

orf19.2038  -——-—-- 3’ of ORF  178a8 Unknown Unknown

orf19.2081 POM152 ORF 75d8 Transport Membrane
orf19.2106  --—---- ORF 160b6 Unknown Unknown

orf19.2114  -—-—--- ORF 134g2 Enzymatic activity Nucleus

orf19.2138 ILS1 ORF 49cl11 RNA processing Cytosol

orf19.2290 TOR1 ORF 98f7 Signaling TOR complex
orf19.2356 CRZ2 ORF 74el1l Transcription Intracellular
orf19.2417* SMC5 ORF 6le7 DNA repair Nucleus

orf19.2423 ZCF11 ORF 149b7 Transcription Nucleus

orf19.2495 GSL1 ORF 93h4 Cell wall associated Membrane
orf19.2524 MGE1 5" of ORF 15612 Transport Mitochondria
orf19.2579  -—--- ORF 184c4 DNA binding Chromosome
orf19.2929 GSC1 3" of ORF  156b8 Cell wall associated Membrane



orf19.2982
orf19.2989
orf19.3001
orf19.3087.2
orf19.3100
orf19.3124
orf19.3394
orf19.3519
orf19.3643
orf19.3730
orf19.3767
orf19.3791
orf19.4018*
orf19.4023
orf19.4054
orf19.4086
orf19.4099
orf19.4112
orf19.4119
orf19.4176
orf19.4246
orf19.4261
orf19.4263
orf19.4412
orf19.4610
orf19.5076
orf19.5101*
orf19.5144
orf19.5169*
orf19.5212
orf19.5407*
orf19.5485
orf19.5506
orf19.5519
orf19.5665
orf19.5799
orf19.5813
orf19.5897
orf19.5902*
orf19.5938
orf19.6082
orf19.6323
orf19.6488*
orf19.6592
orf19.6722*
orf19.6736
orf19.6747
orf19.6785

RPS12

ORF
3’ of ORF
ORF
ORF
3’ of ORF
ORF
ORF
ORF
ORF
ORF
ORF
ORF
ORF
ORF
ORF
3’ of ORF
ORF
3’ of ORF
ORF
ORF
ORF
5’ of ORF
ORF
ORF
ORF
5’ of ORF
5’ of ORF
5’ of ORF
5’ of ORF
ORF
ORF
ORF
ORF
5’ of ORF
ORF
ORF
3’ of ORF
5’ of ORF
ORF
ORF
ORF
5’ of ORF
ORF
3’ of ORF
ORF
5’ of ORF
ORF
ORF

69g10
96g2
134cl
161e5
156f1
131a2
134d10
145c6
131b1l
120c7
158c10
143h2
116b7
143d4
125c¢9
126g4
95b6
135c1
175e7
147h9
68d3
127f6
173g2
120d11
161g5
35d10
133d6
97h8
94b8
81c7
68e6
13415
134g3
162d1
134d9
170c3
125h3
168h5
109b6
134b8
175a5
88a4
72d12
17612
78e8
78g8
175c8
189h2

124

Autophagy
Enzymatic activity
Cell cycle
Unknown
Unknown

RNA binding
Unknown
Transcription
Unknown

Protein processing
Protein processing
Proteolysis

RNA binding
Translation
Transcription
Protein processing
Amino acid synthesis
Enzymatic activity
Autophagy
Translation
Enzymatic activity
Translation
Unknown

DNA repair
Proteolysis
Transport
Transcription
Adhesion
Enzymatic activity
Protein processing
Ribosomal associated
DNA repair
Enzymatic activity
Enzymatic activity
Enzymatic activity
Unknown
Adhesion
Unknown
Signaling

RNA processing
Protein processing
Amino acid synthesis
Unknown
Transport

DNA repair

RNA repair
Transport
Ribosomal associated

Unknown

Nucleus

Spindle pole body
Unknown

Unknown

Ribosome
Membrane

Unknown
Intracellular
Endoplasmic Reticulum
Golgi

Cytosol

Ribosome

Ribosome

Unknown

Cytoplasm

Cytosol

Cytosol

Membrane
Ribosome

Unknown

Ribosome

Unknown

Chromatin

Unknown

Membrane

DNA binding complex
Cell surface

Nucleus

Unknown

Ribosome

DNA binding complex
Cytoplasm
Mitochondria
Unknown

Cytoplasm

Nucleus

Cytosol

Membrane

RNA binding complex
Endoplasmic Reticulum
Nucleus

Unknown

Membrane

Cytosol

Mitochondria
Cytoplasm

Ribosome



orf19.6931  ----—---
orf19.6968*  -------
orf19.6987
orf19.7085  -------
orf19.7108
orf19.7130  -—--—---
orf19.7152  ---—---
orf19.7232 IRR1

orf19.7301  ---—---
orf19.7313 Ssu1
orf19.7342 AXL1

orf19.7358  -------
orf19.7413 MMS21
orf19.7414* ALS6
orf19.7483 CRM1
orf19.7512 -
orf19.7565 GNP3
orf19.7567  ----—---
orf19.7572*
orfl19.7579  FGR34

orf19.7657 POP3
orf19.7667* |AH1

ORF 70d10
ORF 78gll
ORF 76a4

3’ of ORF  176h6
3’ of ORF  187a10
ORF 125h4
5 of ORF  185gl2
3’ of ORF  94h8
ORF 134d4
5 of ORF  168ell
ORF 169d5
3’ of ORF  98d10
5 of ORF  176al0
5 of ORF  49b8
ORF 149a8
ORF 131a3
ORF 99e9
SPT70RF 156e4
ORF 42h5
ORF 151a9
ORF 90c8

5 of ORF  131c7

RNA processing
Unknown

Protein processing
Unknown
Ribosomal associated
Unknown
Enzymatic activity
Cell cycle

DNA binding
Transport
Proteolysis
Protein processing
DNA repair
Adhesion
Transport
Enzymatic activity
Transport
Unknown
Transcription
Unknown

RNA processing
Enzymatic activity

RNA binding complex
Unknown
Mitochondria
Unknown

Ribosome

Unknown
Mitochondria
Nucleus

Unknown

Membrane

Unknown
Mitochondria

DNA binding complex
Cell surface

Nucleus

Unknown

Membrane

Unknown
Mitochondria
Unknown

RNA binding complex
Cytoplasm

*denotes gene was identified in multiple candidates. Library numbers designate the plate number and
well number location of the candidate strain so that, if requested, individual candidates can be located.

Supplementary Table 2.2. Major repeat sequences identified from the C. albicans Tn7 library screen

Major repeat sequence

Library number

MRS-R
MRS-1
MRS-2

MRS-4
MRS-6
MRS-7a
MRS-7b

71a3, 72f5

71c7, 76a5, 134¢9, 134h11, 161a10
56a9, 70a3, 81a4, 819, 120h2, 124g9, 1293, 132c7, 133b6, 134a7, 134b3,
134c10, 136f9, 142e7, 143d10, 151b11, 16324, 165d11

113f8, 123e10, 133g9, 134e9, 16511

133¢5, 119g3, 144g9

42f11, 124d4, 124g12, 138d12

71b11, 176g8

Supplementary Table 2.3. Non-coding/unannotated transcripts identified in C. albicans library screen

Transcript name

Reference

Library number

Novel-Ca21chrR-009
Novel-Ca21chrR-023
Novel-Ca21chrR-093*
Novel-Ca21chrR-094
Novel-Ca21chrR-100
Novel-Ca21chr2-037
Novel-Ca21chr7-001
TFRW255

Bruno et al.
Bruno et al.
Bruno et al.
Bruno et al.
Bruno et al.
Bruno et al.
Bruno et al.
Sellam et al.

145c8
134b12
12e3
75e5
182c1
134g1
148b5
135b6



TF1WA4
TF1W160
TF3C2
TF3C162
TFAC158*
TF5C101
TF5W116
TF5W130
TF7C126
TF7W6

Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.
Sellam et al.

159e10
98b5
6le3
183h1
134f6
76f10
134c3
166€9
95h6
88d10

*denotes transcript was identified in multiple candidates
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Supplementary Figure 2.1. Phenotypes observed when SC5314, library
transposon candidates, heterozygous and homozygous deletion strains grown in
liquid culture (37°C) with bacteria or spent media. A) C. albicans strains with M199
filamentation control and coculture with E. coli, P. aeruginosa, and S. aureus.
Magnification 400x; B) C. albicans strains with M199 filamentation control and culture in
spent media E. coli, P. aeruginosa, and S. aureus. Magnification 400x.

M199 E.coli P.aeruginosa S.aureus

A.

5C5314

Tn7 CDR4

cdr4d/CDR4

cdrd/cdrd

Tn7 ALS6

als6/ALS6

als6/als6

127



E.coli P.aeruginosa S.aureus
Media Media Media

B. M199

5C5314

Tn7 CDR4

cdr4/CDR4

cdrd/cdrd

Tn7 ALS6

als6/ALS6

als6/als6
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CDR4 ENO1

Time (minutes) . . ., 2 & 0 10 20 30 60

Supplementary Figure 2.2. C. albicans CDR4 gene expression when cocultured with
a media only control, E. coli, P. aeruginosa, or S. aureus. ENO1 control is also shown.
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Supplementary Figure 3.1. Individual graphs of SC5314 wild type, cdr4-/-, and als6-/- cell
morphology in the presence of varying concentrations: (A) competence stimulating peptide-1
(CSP1), (B) 1-dodecanol, (C)trans,trans-farnesol, (D) 3-oxo-C12-homoserine lactone (HSL), (E)
indole, (F) lipopolysaccharide (LPS), (G) phenazine, (H) pyocyanin, and (l) trans-2-decenoic acid
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Supplementary Figure 3.2. Individual graphs of SC5314, cdr4-/-, and als6-/- attachment in the

presence of varying concentrations: (A) trans,trans-farnesol, (B) 3-oxo-C12-homoserine lactone

(HSL), (C) indole, (D) lipopolysaccharide (LPS) , and (E) trans-2-decenoic acid.
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Supplementary Figure 3.3. Individual graphs of SC5314, cdr4-/-, and als6-/- biofilm formation

: (A) trans,trans-farnesol, (B) 3-oxo-C12-homoserine

lactone (HSL), (C) indole, (D) lipopolysaccharide (LPS) , and (E) trans-2-decenoic acid.

in the presence of varying concentrations:

<

T
=
(=T -- B I |
=

{%6)uenewsoj wiyolg

E S

1l

120

T
o o o o o O
0906-&.2
1

{%6)uenewaoj wiyolg

-/-957v
-/F¥ad
FZESDS

-5
-/~PHas
PZESDS

-/-957v
-/F¥ad
FZESDS

-/~957v
-/F8ad
PIESDS

-9V
-/F8ad

PZESDS _

-/~957v
-/F8ad
FZESDS

/-5

200pM

S50pM
HS5L concentration

I

Op

150ph 300pM

S50pM
trans-trans-farnesol concentration

(]

&)

120

T
[T = =T =)
086-&.2
1

0

[9%6)uenewop wiyolg

¥ r—

i

120

T
[T = =T =)
0906-&.2
1

0

(96)uenewo wiyolg

-/-957v
-/~rHa2
FTESDS

-/~957v
-/~PHAD
FEESDS

-/-957v
-/rea2
FTESDS

-85V
-/FHa2
FTESDS

-/-957v
-/FHa2
FTESDS

-85V
-/FHa2
FTESDS

/-5
-/~FHaD
FEESDS

_2

lpg/mL 10pg/mL

Opg/mL

=
E
=t
=
E
=
E
-
E

=
=

LPS concentration

Indole concentration

w

-/-957v
-/P8az
PEESDS

|

“ -/-9s1v
_ ~/~r4a2
PZESDS

-/-957v
-/P8az
FZESDS

-/~a51v
-/~PHaD
FEESDS

120 4

T
=R = = = ==
08542
1

{%6)uonewsej wiyolg

Spi

1p

Oph

trans-2-decenoic acid concentration

133



VITA

SEAN J. FOX

Education:
University School, Johnson City, TN
B.S. Criminal Justice, East Tennessee State University, Johnson City, TN (2001)
B.S. Forensic Biology, Virginia Commonwealth University, Richmond, VA (2007)

Ph.D. Biomedical Sciences, Quillen College of Medicine, East Tennessee State
University, Johnson City, TN (2013)

Publications:

Sean J. Fox, Bryce T. Shelton, and Michael D. Kruppa (2013) Characterization of
genetic determinants that modulate Candida albicans filamentation in the
presence of bacteria. PLoS ONE 8(8): e71939.
Doi:10.1371/journal.pone.0071939

Sean J. Fox and Michael D. Kruppa. Candida albicans CDR4 and ALS6 are
involved in the response to farnesol and several bacterial molecules.
Microorganisms. 2013 (In submission)

Sean J. Fox and Michael D. Kruppa. Molecular and physical interactions of
Candida albicans with bacteria: A review (In preparation).

Presentations:

Sean Fox. 2012 ETSU Quillen College of Medicine Department of Biomedical
Sciences (Johnson City, TN). Seminar: “It’s a Zoo in Here!: The Human
Microbiome and Implications on Human Health.”

Sean Fox and Michael Kruppa. 2012 Appalachian Research Forum (Johnson
City, TN). Oral Presentation: “Microbial Warfare: Implications of an ABC
Transporter Involved in Bacterial-Candida Communication.”

Sean Fox and Michael Kruppa. 2011 American Society for Microbiology

Conference (New Orleans, LA). Poster Presentation: “/dentification of Genetic
Determinants Involved in Candida albicans - Polymicrobial Interactions.”

134



Sean Fox and Michael Kruppa. 2011 Appalachian Research Forum (Johnson
City, TN). Oral Presentation: “Fungi are from Mars, Bacteria are from Venus: A
Screen for Genetic Mediators of Polymicrobial Interactions.”

Sean Fox. 2011 ETSU Quillen College of Medicine Department of Biomedical
Sciences (Johnson City, TN). Seminar: “Look Who'’s Talking: Characterizing the
Genetic Determinants in Candida-Bacteria Interactions.”

Sean Fox and Michael Kruppa. 2010 Genetics Society of America Yeast
Conference (Vancouver, Canada). Poster Presentation: “Multiple Genetic
Determinants in Candida albicans Regulate Filamentation in the Presence of
Bacteria.”

Sean Fox and Michael Kruppa. 2010 Appalachian Research Forum (Johnson
City, TN). Poster Presentation: “A Genetic Screen to Identify Genes in C.
albicans that are involved in Cross Species Interactions.”

Sean Fox and Uday Kumaraguru. 2009 Appalachian Research Forum (Johnson
City, TN). Poster Presentation: “TH1 Skewing of the Neonatal Imnmune Response
Upon Early Microbial Exposure.”

Awards:
2012 ETSU School of Graduate Studies Graduate Student Research Grant
2012 2" Place Oral Presentations, Appalachian Research Forum
2011 ETSU Biomedical Sciences Department Student Travel Grant
2011 ETSU School of Graduate Studies Graduate Student Research Grant
2011 1% Place Oral Presentations, Appalachian Research Forum
2010 Genetics Society of America, Travel Grant

2010 1% Place Poster Presentation, Appalachian Research Forum
Memberships:

American Society for Microbiology

Genetics Society of America

135



