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Molecular	interac-ons	between	pathogenic	
fungi,	bacteria	and	their	host	

Patrick	Van	Dijck	

Outline	of	the	presenta=on	

•  Virulence	factors	of	Candida	albicans	
•  Role	of	adhesins	in	biofilm	forma=on	
•  Role	of	adhesins	for	interspecies	interac=on	
•  In	vivo	mixed	species	infec=ons	
•  Interac=on	between	C.	albicans	and	the	host	
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Focus	on	Candida	albicans	

Candida	albicans	is	a	pleiomorphic	organism	
that	can	adapt	its	lifestyle	to	any	host	niche	

adhesion & colonisation 

epithelial penetration 

vascular dissemination 

endothelial colonisation and 
penetration 

Many	virulence		
factors	
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Combined	increase	in	temperature	and	addition	of	serum	
are	strong	inducers	of	filamentation	
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C. albicans pathways regulating morphogenesis 

Biswas et al., 2007 

cAMP-PKA pathway 
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2010 

Nce103 mutant can be used as biosensor for CO2 and shows  
that within colonies CO2 is produced and utilized 
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Candida albicans virulence factors 

Mayer et al., 2013 

ALS genes: common structure Hoyer et al., Med Mycol. 2008, 46, 1-15 



28/04/16	

6	

Als3 is important for induced endocytosis 

Als3 is essential for ferritin binding 
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Als3 is important for adhesion 
 
Als3 is important for invasion 
 
Als3 is important for iron acquisition 
 
Als3 is important for biofilm formation 

Biofilms	cause	major	problems	in	hospitals	
 
•  Approximately	60	%	of	all	hospital-associated	infec=ons	
						=	over	1	million	cases	per	year	in	US	

•  Cells	are	up	to	1000-fold	more	tolerant	to	an=microbial	
drugs	

	
•  Use	of	indwelling	devices	will	only	increase	

•  Complex	interac=on	between	bacteria	and	fungi	
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Candida	albicans	biofilm-associated	infec=ons	

Gula=	and	Nobile,	2016	

C.	albicans	biofilms	on	medical	implants	in	the	US	
	

Ramage	et	al.,	2006	

Device	 Usage/year	 Infec-on	
risk	(%)	

Main	species	

Central	and	peripheral	venous	
catheters	

5	million	 3-8	 albicans,	glabrata,	
parapsilosis	

Hemodialysis	and	peritoneal	
dialysis	catheters	

240	000	 1-20	 albicans,	parapsilosis	

Urinary	catheters	 Tens	of	
millions	

10-30	 albicans,	glabrata	

Endotracheal	tubes	 Millions	 10-25	 albicans	

Intracardiac	prosthe=c	devices	 400	000	 1-3	 albicans,	glabrata,	
parapsilosis,	tropicalis	

Breast	implants	 130	000	 1-2	 albicans	

Prosthe=c	joints		 600	000	 1-3	 parapsilosis,	albicans,	
glabrata	

Dentures	 >	1	million	 5-10	 albicans,	glabrata	

Voice	prostheses	 Thousands	 50-100	 albicans,	tropicalis	
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Regula-on	of	biofilm	development	

Finkel	and	Mitchell,	2011		

Via epistasis analysis 

Bcr1 

Ece1 Hwp1 Als1 Als3 

Adherence 

Biofilm formation 

++ + + + 
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ALS3 OX rescues biofilm formation in a bcr1 mutant 

als1/als1 als3/als3: no biofilm formation in vivo 
hwp1/hwp1: no biofilm formation in vivo 
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In C. albicans, Hwp1 maybe functions as a agglutinin (and  
Als3 as the alpha agglutinin 
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Inactivation of Als3 as a novel method to 
tackle the problem of biofilms 

Nobile et al., 2006 
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Als3 as an example for a novel class of antifungals: 
aggregation-inducing peptides 

 - Tango 
  

Targeted aggregation of Als3 via short 
peptides 

Als3 has two TANGO regions of which one 
with very high propensity 

ALS3 

                          NGIVIVATTR (peptide E1) 
RKLLFNLGSRNGIVIVATTR (peptide F9) 
RKLLFNLGSRNGIVIVPTTR (peptide 13_negat) 

aggregation-booster  
sequence 
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The	Als3	pep-de	F9	prevents	adhesion	and	
biofilm	forma-on	
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F9 RKLLFNLGSRNGIVIVATTR 
p13 RKLLFNLGSRNGIVIVPTTR 

One amino acid change in  
the TANGO region affects  
the potency of the peptide 

adhesion	

Biofilm	forma=on	

Kucharíková	et	al.,	in	prepara=on	

Atomic	force	microscopy	to	probe	protein-
cell	or	cell-cell	interac=ons	

Dague	et	al.,	2007	
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Atomic	force	microscopy	to	probe	protein-
cell	or	cell-cell	interac=ons	

 	

Dufrêne,	2014	

Atomic force microscopy for Als3 detection 

Beaussart et al., ACS nano 2012 Life cells 
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Do	we	target	Als3?	
Atomic	force	microscopy	for	detec-on	of	Als3	

Beaussart et al., ACS nano 2012 

AFM allows determination of distribution, adhesion, 
unfolding, and extension of Als adhesins   

Beaussart et al., ACS nano 2012 
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Cellular morphogenesis leads to major increase in 
distribution and extension of Als3 proteins 

Beaussart et al., ACS nano 2012 

Atomic force microscopy data support lower Als3   
levels on the cell wall of hyphal cells but only when     
peptide F9 is added during germ tube formation 
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Development	and	use	of	a	‘simple’	in	vivo	model	
system	
	

Adhesion 
phase 

Explantation 

C. albicans cells 
+ catheters in 

RPMI  

Implantation 
biofilm 

formation 

Řičicová et al., 2010 

Scanning electron 
microscopy 

Fluorescence 
microscopy 

Quantitative 
culture (CFU) 

gDNA 
Quantitative PCR 

gene expression 
RT-PCR 

Kucharikova	et	al.,	Jove,	2015	

Currently		
ongoing	

In	vivo	C.	albicans	biofilm	forma-on	visualized	by	
bioluminescence	imaging	

Vande Velde, Kucharíková et al. 2014b 

SC5314											SC5314-gLUC	
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Regression	of	biofilms	by	treatment	with	
caspofungin	

Longitudinal	BLI	of	an-fungal	ac-vity	against	biofilms	
under	in	vivo	condi-ons.		Typical	in	vivo	BLI	images	from	a	
mouse	treated	with	caspofungin	and	a	mouse	treated	with	
placebo,	imaged	9	days	aher	catheter	implanta=on.		

Vande	Velde	et	al.,	In	prepara=on	

Ideal	tool	for	screening	novel	an=biofilm	compounds	

Control	(no	peptide)	 als1Δ/Δ	als3Δ/Δ		

SC5314	+	F9	 SC5314	+	13_negat	

The effect of peptide on catheter-associated 
infections developed in vivo 
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The peptide F9 works in vivo in an oral infection model system 

   * 

Kucharíková	et	al.,	in	prepara=on	

SEM	

Dr. Rizk lab, UMB, Baltimore, USA 

Dr. Rizk lab, UMB, Baltimore, USA 

Oral	
candidiasis	
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Ex	vivo	model	of	oral	candidiasis	

Dual-species	biofilms:		
closer	to	the	real	life	situa-on	



28/04/16	

22	

Development and use of an oral dual species 
biofilm model system in mice 

      (Kong, Kucharikova et al., 2015) 

 

   * 

Candida and S. aureus recovery from tongues 
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Candida and S. aureus recovery from kidneys 
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Candida	helps	Staph	to	disseminate	and	cause	disease.	

Candida	alone	or	Staph	alone	do	not	disseminate	but	when	co-infected….		

Kong, Kucharíková et al., 2015, Infection & Immunity 

C. albicans cph1/cph1 efg1/efg1 

The role of yeast to hyphae transition during 
development of clinical disease 

•  C. albicans WT 
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Tissue	microbial	recovery	from	mono	and	co-infected	
mice	with	and	without	fluconazole	therapy	

Kong,	Kucharikova	et	al.,	2015	

Scanning electron microscopy of a mature biofilm of C. 
albicans and S. aureus 

S.	aureus	only	interacts	with	hyphae	(Why?)	
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Probing	Staphylococcus	epidermidis-Candida	albicans	
interaction	using	single-cell	force	spectroscopy	

a b 

WT a S. epidermidis 

Als  

C. albicans germ tube 

b 
Non-Als 
proteins 

1 n
N

100 nm

Fo
rc

e 

Distance 

Mannosylation  

Beaussart et al., 2013 

0 200 400 600 800 1000
0

2

4

6

8

10

 

 

A
dh

es
io

n 
fo

rc
e 

(n
N

)

Rupture distance (nm)

● WT germ tube 
● WT germ yeast 
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Glycosyla=on	of	mainly	Als3-Als1	is	required	for	the	interac=on	

Host-pathogen	interac-ons	
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First contact between host and pathogen: innate immune 
system 
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Candida albicans virulence factors 

Mayer et al., 2013 
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Candida albicans detection in epithelial cells and the host response 

Initial detection also results in the induced expression of antimicrobial peptides  

Moyes	et	al.	2016	

A	pep-de	origina-ng	from	the	Ece1	protein	is	important		
for	induc-on	of	damage	response	pathway	
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Moyes	et	al.	2016	

A	pep-de	origina-ng	from	the	Ece1	protein	is	important		
for	induc-on	of	damage	response	pathway	but	only	at		
high	concentra-ons	

Moyes	et	al.	2016	

A	pep-de	origina-ng	from	the	Ece1	protein	is	important		
for	induc-on	of	damage	response	pathway	but	only	at		
high	concentra-ons	
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Host-pathogen	interac-on:		
	
Example	of	fungal	host	evasion	

melanin 
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The reaction to pathogens is a three-step process 

1. Chemotaxis 

2. Phagocytosis 

3. Oxidative  
    burst 

dichlorodihydrofluorescein	diacetate	
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Why	are	C.	albicans	cells	not	killed	by	macrophages	

Are	the	Sod	enzymes	responsible	for	survival	in	Mph?	
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Different	protein-protein	interac=on	systems	
Stynen	et	al.	MMBR	2012	
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The	first	two-hybrid	system	

We	adapted	this	for	use	in	C.	albicans	(see	presenta=on	
by	Floris	Schoeters)	
	
	
	
	
	
We	also	develop	BiFC	and	FRET	biosensors	for	C.	albicans	

Equilibrate	PKA	subunits	
	

Intermolecular	PKA	
biosensor	
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Avoid	altering	PKA	
	

Study	timeframe	
of	induction	

	

Integrative	system	for	monitoring	cAMP/PKA	signaling		
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Troubleshooting	optimization	cAMP/PKA	biosensors	

Fluorophore	intensity	in	Candida	albicans	
	

Certain	fluorophores	are	not	as	stable	or	bright	in	C.	albicans	as	they	are	in	
Saccharomyces	cerevisiae	and	mammalian	cells.	It	is	therefor	important	to	choose	
an	appropriate	FRET	donor	and	acceptor.		

	 	CFP-YFP	should	be	replaced	by	mTurquoise-Venus.	
	
PKA	activity	correlates	with	autofluorescence		
	

PKA	positively	regulates	riboflavin	synthesis	through	modification	of	iron	
metabolism.	The	spectral	properties	of	riboflavin	are	the	same	as	those	of	the	FRET	
signal.		

	 	This	can	cause	false	positive	results.	
	
Aggregation	of	proteins	in	C.	albicans	
	

Certain	parts	of	the	biosensor	aggregate	under	certain	conditions.	Biosensor	
accumulates	in	aggregates.	Impossible	to	localize	or	quantify	the	FRET	signal.	

	 	The	cAMP	EPAC	biosensor	was	modified	and	nonessential	domains	were	
	 	 	eliminated,	this	solved	the	issue	of	the	aggregation.	

	
Immobilization	of	C.	albicans	cells	
	

FRET	measurements	at	second	timescale	requires	immobile	cells.	Coating	glass	
surface	doesn’t	work	adequately	

	 	Microfluidics	device	avoids	focus	shift	

Preliminary	results	AKAR	–	PKA	activity	biosensor	

What	is	the	-meframe	we	are	looking	at? 	 	 		
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Addition	serum	
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Preliminary	results	AKAR	–	PKA	activity	biosensor	

Conclusions	
Biofilms	cause	a	major	problem	in	hospitals	
	
We	developed	a	‘simple’	in	vivo	model	system	
	
This	system	allows	screening	for	drugs,	tes=ng	mutants,	
performing	expression	analysis,	study	host-biofilm	interac=on		
	
Als3	pep=des	are	promising	an=biofilm	molecules		
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