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Diploma Thesis assignment

The main aim will be to find susceptibility profiles of biofilms of non-
albicans Candida species - Candida krusei, Candida guilliermondii a Candida
lusitaniae to echinocandins. There will be tested caspofungin, micafungin

a anidulafungin.

Clinical isolates will be gathered from the National Collection of Fungal
Pathogens stationed at the Microbiology Department, Medical School, National

and Kadodistrian University of Athens.

Experimental part will be expand with a review focused on echinocandins

and Candida biofilms.

The thesis will be written in English.



Zadani diplomové prace

Cilem experimentalni prace bude zjistit citlivost biofilm( non-albicans
Candida druhu k vybranym echinokandinim. Budou testovany Candida krusei,
Candida guilliermondii a Candida lusitaniae. Z echinokandin( budu testovany

caspofungin, micafungin a anidulafungin.

Budou pouzity klinické izolaty pochazejici z National Collection of Fungal
Pathogens umisténé na oddéleni mikrobiologie Medical School na National and

Kadodistrian University of Athens.

Experimentalni prace bude doplnéna reserSi na téma echinokandiny a

kvasinkové biofilmy.

Diplomova prace bude sepsana v anglickém jazyce.



Abstract

Charles University in Prague

Faculty of Pharmacy in Hradec Kralové
Department of Biological and Medical Sciences
Candidate: Pavla PesSkova

Supervisor: Ing. Lucie KFiv€ikova

Diploma Thesis: Susceptibility profile of biofilms of non-albicans

Candida spp. to echinocandins

Yeasts of the genus Candida are one of the most frequent human fungal
pathogens. Infections caused by them are related to a specific form of growth —
biofilm (BF), which has increased their resistance to antifungal treatment.
Since bloodstream infections caused by non-albicans Candida species are

increasing, it is important to focus on their susceptibility characteristics.

The main aim of our experiment was to examine the susceptibility profiles
of BF produced by rare non-albicans Candida species to echinocandins.
We tested 3 species of the genus Candida — C. lusitaniae, C. guilliermondii and
C. krusei and 3 different echinocandins — anidulafungin (AND), caspofungin
(CAS) and micafungin (MFG). Echinocandins have unique mechanisms
of action. They inhibit the function of the enzyme [-1,3-glucan synthase.
Disruption of its function leads to inhibition of B-1,3-glucan production, damage

of fungal cell wall and loss of viability of the cell.

In experimental part we used YNB medium and RPMI 1640 medium
to grow Candida species BF and planktonic cells (PL). We incubated both BF
and PL in 96-well microtiter polystyrene plates. Antifungal activity was assessed
by the 2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]2H-tetrazolium-5-carboxanilide
(XTT) metabolic assay. Each drug concentration was processed in pentaplicate

for each isolate.

Results indicate that MFG have the lowest MIC50 and that it is the most
efficient drug to all tested species. MFG to BF formed by C. krusei (MIC50
0.125 mg/L) was most efficient, followed by C. guilliermondii (MIC50 2 mg/L)

and less susceptible C. lusitaniae BF (MIC50 16 mg/L). AND was most efficient
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against C. krusei BF (MIC50 0.125 mg/L), then C. guilliermondii (MIC50 4 mg/L)
and C. lusitaniae (MIC50 >256 mg/L). CAS was most efficient against C. krusei
BF (MICs0 1 mg/L), then against C. guilliermondii (MIC50 32 mg/L) and
C. lusitaniae (MIC50 32 mg/L).

In the conclusion of our project we pronounced our findings stating that
echinocandins seem to be efficient against non-albicans Candida biofilms

in vitro. Biofilm was more resistant to echinocandins than planktonic cells.

Key words: echinocandins, biofilm, Candida, resistance, XTT
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Abstrakt

Univerzita Karlova v Praze

Farmaceuticka fakulta Univerzity Karlovy v Hradci Kralove
Katedra biologickych a lékarskych véd

Kandidatka: Pavla PeSkova

Skolitelka: Ing. Lucie Kfivéikova

Diplomova prace: Citlivost biofilmU non-albicans Candida spp.

k vybranym echinokandinim

Kvasinky rodu Candida jsou jedny z nejCastéjSich lidskych houbovych
patogend. Jimi zapfiCinéné infekce jsou spojené s vyskytem specifické formy
ristu zvané biofilm (BF), ktera vykazuje zvySenou rezistenci vici antimykotické
lécbé. Jelikoz systémové infekce zplsobené non-albicans Candida druhy se
v poslednich letech vyskytuji stale Castéji, je potfeba se zaméfit na zkoumani
jejich citlivosti k riznym antimykotikim.

Hlavnim cilem na$i prace bylo zjistit citlivost biofiimt (BF) non-albicans
Candida druh k vybranym echinokandinim. Testovali jsme 3 druhy z rodu
Candida — C. lusitaniae, C. guilliermondii a C. krusei a 3 echinokandiny —
anidulafungin (AND), caspofungin (CAS) and micafungin (MFG). Echinokandiny
maji jedine¢ny funk&ni mechanismus. Inhibuji funkci enzymu B-1,3-glukan
syntetazy. Poskozeni jeho funkce vede ke ztraté produkce B-1,3-glukanu,
naruseni bunécné stény a ztraty Zivotaschopnosti houbové burky.

V experimentalni ¢asti jsme jako rustové médium pro BF a planktonické
buriky (PL) z rodu Candida pouzili YNB a RPMI 1640. PL i BF jsme inkubovali
na 96-jamkovych polystyrenovych mikrotitraCnich desti¢kach. Antimykoticka
aktivita byla vyhodnocena pomoci 2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]2H-
tetrazolium-5-carboxanilide (XTT) testu. Kazda koncentrace IéCiva byla

pro kazdy izolat hodnocena v pentaplikatu.

Vysledky ukazaly, ze MFG mél nejvysSi antimykotickou aktivitu
z testovanych echinokandinl. NejcitlivéjSi byl vu¢i MFG BF tvofeny druhem
C. krusei (MIC50 0,125 mg/L), nasledoval druh C. guilliermondii (MIC50 2 mg/L)
a nejvice rezistentni byl C. lusitaniae BF (MIC50 16 mg/L). AND byl nejucinnéjsi
proti BF C. krusei (MIC50 0,125 mg/L), dale proti BF C. guilliermondii (MIC50
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4 mg/L) a nejméné ucinny vuci BF C. lusitaniae (MIC50 >256 mg/L). CAS jevil
nejvétsi ucinnost proti BF C. krusei (MIC50 1 mg/L), dale C. guilliermondii

(MIC50 32 mg/L) a C. lusitaniae (MIC50 32 mg/L).

V zavéru naseho experimentu jsme dosli k pfesvédceni,
ze echinokandiny plsobi antimykoticky na biofilmy non-albicans Candida druht

in vitro. Biofilm vykazoval vy$si rezistenci nez planktonické buriky.

KliCova slova: echinokandiny, biofilm, Candida, rezistence, XTT
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1 Introduction

Yeasts of the genus Candida are one of the most frequent human fungal
pathogens. They can occur on the skin and on the mucous membrane.
Some may live on human body with no inconveniences. Candida may cause
morbid states in cases of outbreak or in presence of high pathological species.
They can be responsible either for initiation of superficial mycosis, which do not
usually have serious course, or cause life-treating systematic infections in some
cases. Most  susceptible to these infections are patients
with immunosuppressive and cytotoxic therapy, broad-spectrum antibiotics,
patients suffering from HIV/AIDS and patients in another immunity suppressing
states, to which the development of a systematic infection poses a most
dangerous threat.

The occurrence of serious systematic fungal infections caused
by the genus Candida is increasing nowadays along with their resistance
to antimycotic drugs used for classic treatment — more and more often
the resistance to azoles antimycotics can be found. The infection can evolve
into avery serious state of candidaemia associated with high mortality
especially in the risk group of immunocompromised patients. The state
of candidaemia is very difficult to treat because once the infection pervades
to bloodstream it can spread into liver, spleen and other vitally important organs.
Surveys reveal that C. albicans is responsible for more than half of invasive
candidaemias in Europe, but the frequency of non-albicans agents
from the genus Candida seems to be increasing.

Most of Candida species create a specific form of growth called biofilm
which is a structure of interconnected communities attached to the surface.
Biofilm cells are embedded in a matrix of exopolymeric materials. The ability
of this particular genus to create biofilm is one of the most important virulent
factors leading to the increase of antifungal resistance. There is also a certain
possibility that change of the spectrum of Candida species causing serious
systematic infections observed in last years is influenced by a higher resistance

of rare non-albicans Candida species biofilms.

The main aim of our project and my thesis was to find susceptibility
profiles of biofims produced by non-albicans Candida species

to echinocandins.
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We observed the activity of three different drugs from the group
of echinocandins — anidulafungin, caspofungin and micafungin. Echinocandins
are a relatively new group of drugs with a unique mechanism of action used
for the treatment of systematic fungal infection. They block the enzyme 3-1,3-
glucan synthase. This enzyme is essential for the synthesis of -1,3-glucan —
the main component of the fungal cell wall. Disruption of its enzymatic function

leads to inhibition of glucan production and loss of viability of fungal cell.

We were working with three species: C. lusitaniae, C. guilliermondii and
C. krusei. The resistance of the Candida biofilm was evaluated in several
aspects. We compared resistance of non-albicans Candida species to the same
echinocandin amongst each other and searched for the highly effective drug
for every species. Additionally we tested activity of echinocandins also against
planktonic cells.

We used the XTT reduction assay for evaluation of the susceptibility

to echinocandins.
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2 The genus Candida

The genus Candida includes about a quarter of all yeast species
(Schauer and Hanschke, 1999). Yeasts were observed firstly by Anton
van Leeuwenhoek and they were not considered to be living organisms (Huxley,
1871). The first scientist who classified yeasts as living organisms was
Louis Pasteur in 1857. Significant progress in their research has been done

since then.

2.1 Taxonomy of the genus Candida

Candida is a genus of yeasts which belongs into the kingdom Fungi,
the phylum Ascomycota, the class Saccharomycetes and the order
Saccharomycetales. This taxonomy classification was firstly described
by Christine Marie Berkhout in 1923 (Barnett, 2004).

2.2 The yeast cell

Yeasts can exist in two morphological forms — as an unicellular spherical
yeast or oval shaped pseudohyphae or as filamentous multicellular hyphae
(Hugo et al., 2004).

They are eukaryotic organisms. Their cell contains a nucleus with
a nuclear membrane encapsulating the DNA in comparison to prokaryotic
cell (Hugo et al., 2004) [Figure 1].

Vacuole Vacuolar granules

Mitochondrion

Cell wall

Vacuolar
membrane

Storage granules

Bud Pore in nuclear
vacuole membrane I

Cell
Bud Bud scar membrane

Figure 1: Diagrammatic representation of the yeast cell

Source: Hugo et al., 2004
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In the nucleus is concentrated most of genetic material. The rest

of genetic information can occur in the form of plasmids (Hugo et al., 2004 ).

The cell wall has a typical structure containing mainly glucan, mannan
and chitin. The thickness of this structure is life cycle dependent, but it ranges
between 100 to 300 nm (Hugo et al., 2004). Damage of this structure is
the main target of most antifungals. Cell wall structure is more precisely

described in chapter Echinocandins.

There is a periplasmatic space between the cell wall and cell membrane.
It contains many proteins, molecules secreted from the membrane and other

structures. It is also a location for numerous enzymes (Hugo et al., 2004).

The cell membrane is a phospolipid bilayer consisting of proteins as 1,3-
B-D-glucan synthase - echinocandins target, phospolipids, lipids and sterols.
The main sterol is ergosterol which is the target of amphotericin B (Hugo et al.,
2004).

Other organelles of the yeast cell, in our case Candida species cells,
are mitochondrions, endoplasmic reticulum, Golgi apparatus, ribosomes,

vacuoles, peroxisomes and other vesicles (Hugo et al., 2004).

Generally the eukaryotic cell is about 10 times bigger than prokaryotic,
but shape and size are species characteristic. Candida species we tested in our
study varied in both characteristics. We observed that C. krusei has oval cells
with frequent pseudohyphae, C. lusitaniae has ovoid cells but pseudohyphae
were not so abundant and C. guilliermondii has smaller circular cells often

attached to pseudohyphae.

Yeasts can reproduce sexually and asexually. However asexual
reproduction called budding is the most common type (Balasubramanian,
2004). Sexual reproduction can appear in stress conditions within some yeast
species (Neiman, 2005). For Candida species the asexual reproduction

by budding is typical.
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2.3 The occurrence of Candida species caused

bloodstream infections

The most frequent agent of human fungal infections is C. albicans (Hugo
et al., 2004; Parkins et al., 2007). Out of other medically important species
several can be named: C. Parapsilosis, C. glabrata, C. tropicalis, C. krusei,
C. lusitaniae, C. guilliermondii and C. dubiliensis. Change in the profile of
Candida species causing bloodstream infections was observed during last
years — there is decrease of C. albicans and increase of other Candida species.

Wide international survey revealed that in Europe, Latin America,
Canada and United States C. albicans is responsible for more than half
of bloodstream infections (BSI). In Europe between years 1997 and 1999
C. albicans was responsible for 58 % cases of Candida BSls. Another frequent
pathogen was C. parapsilosis with 19 %. In general the profile was
55 % C. albicans and both C. parapsilosis and C. gquilliermondii comprised
15 % of BSl isolates (Pfaller et al., 2001).

In another survey from United States from years 1998 — 2000 a rapid
change of BSI caused by C. albicans was reported. In this survey C. albicans
compried 45 % isolates and was followed by C. glabrata with 24 % and
C. parapsilosis with 13 % (Hajjeh et al., 2004). The change in the occurrence
was obvious when this survey was compared to the previous Pfaller survey.
We could see there that in United States C. albicans was also most frequent,
but its incidence was 55 %.

In more current European survey from years 2002 — 2003 it was
observed that C. albicans was still the most frequent cause of BSI with 51 %.
However its incidence slightly decreased. Second most common species was
C. parapsilosis which incidence increased to 23 % and C. glabrata comprised
8 % of BSl isolates (Almirante et al., 2005).

The newest international survey from years 2008-2009, published
in 2011, revealed changes in the profile of Candida species responsible for BSI.
In this survey it was reported that 48,4 % cases of BSI| are caused
by C. albicans, 18.2 % C. glabrata and 17.1 % by C. parapsilosis (Pfaller, 2011).

Results of non-european survey from India are also interesting.
There was reported a totally different spectrum of Candida species causing BSI.

Out of all tested BSI isolates 38 % were containing C. tropicalis,
17



21 % C. albicans and C. glabrata, C. krusei and C. lusitaniae were
each detected in 3 % of isolates (Hasan et al., 2007). Studies from other
regions are illustrating the diversity in broad spectrum of Candida species
causing infection.

However extensive international surveys document the current trend

of increasing incidence of BSI caused by non-albicans Candida species.
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3 Biofilm

Microorganisms are naturally living in cooperating communities
like biofilms rather than staying in a state of planktonic free floating cells.
Biofilm is a specific formation of microbial growth which is attached to a biotic
or abiotic surface. Vast number of microorganisms is capable to organize

into this form of growth which can develop in many environments.

The general theory of biofilm predominance was promulgated in 1978
in a paper by Costerton, Geesey and Cheng. Biofilm may contain fungal cells,
bacterial cells or both. Cells create a community consisting of one species or it
can occur as a mixed biofilm with more species living in a mutual profit
(Jenkinson and Douglas, 2002). Cells in biofilm are encapsulated and
connected together as well as to the surface with exopolymeric mass called
matrix [Figure 2] (Costerton et al., 1987).

Figure 2: Candida biofilm Scanning electron micrograph of an infected catheter showing

C. albicans biofilm

Source: Maki and Tambyah, 2001 http://wwwnc.cdc.gov/eid/article/7/2/70-0342-f2.htm

Biofilm can be attached to many kinds of living and non-living surfaces.
It can develop in human body on biological surfaces like teeth, epithelium
of respiratory system, heart valves, oral cavity and others. It is also able

to adhere to surfaces of implanted materials and devices like venous or urinary
19
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catheters, joint implants, stents or ocular glances. Implanted materials and
devices are less often affected by fungal infection than bacterial. Nevertheless
if fungal infections appear they are usually difficult to treat (Cox et al., 1988).
The frequency of occurrence of biofilms on all kinds of surfaces has been
a topic of many studies and reviews (Dolan, 2001; Douglas, 2003; Salamon
et al., 2007; Prester et al., 2004; Raad, 1998; Tumbarello et al., 2007)

Specific cell organization into biofilm gains the microorganism many
benefits. This survival strategy provides fungal and bacterial cells
with the opportunity to metabolic cooperation, improvement of protection
of the organism against the environment influences and increase in its

resistance against the antimicrobial therapy and host defence.

3.2 Biofilm development

The manner of how bacteria and fungi form biofilm depends
on the ecosystem and surface they inhabit. The development can be divided
into several different stages. Nevertheless, | have decided to choose division
into three main stages as optimal [Figure 3] (Characklis, 1981; Chandra et al,
2001b, Davies et al., 1996; O'Toole et al., 2000).

1. Attachment to the surface
2. Growth and maturation of the biofilm

3. Dispersal of cell from the biofilm

O -
O
- -
- O
i O
-
o O
(@) O -
= s (o
O ! o o)
PAN go e
‘ Attachment ‘ Growth ‘ Dispersal

Figure 3: Biofilm development (Author: Peskova)
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3.2.1 Biofilm attachment

The attachment of free floating cells to the wet surface is the first step
of biofilm development. The solid-liquid interface as human tissue and body
fluid provides an ideal environment for the development and growth of microbial
biofilm. There are many characteristics which determine the most eligible
substrate for formation of Candida biofilm as the roughness of the surface or
its hydrophobicity (Quirynen and Bollen, 1995; Wimpenny and Colasanti, 1997;
Nevzatoglu et al., 2007; Teughels et al., 1996).

Planktonic cells which are floating cells existing individually in their
environment start to adhere to the surface, e.g. epithelium, endothelium,
materials implanted to the body as catheters etc.

The attachment can be described in two phases. Initially it is a reversible
process. After a few seconds or minutes the process becomes irreversible,
if cells are not immediately separated from the surface. The adhesion is
provided by weak electrostatics and London-van der Walls forces, interfacial
tensions and covalent bonding. Irreversible changes in the adhesion are
accomplished by production of extracellular polymers and participation
of hydrolytic enzymes (Zobel, 1943; Costerton et al., 1981).

After the initial colonization the process of the growth and maturation

of biofilm starts.

3.2.2 Biofilm growth

Growth and maturation of biofilm is a complex process. Firstly, we can
observe small randomly distributed colonies of adhered cells on the surface.
As the growth continues, these small colonies connect together and form
a continuous layer of biofilm.

In early and intermediate stages of the biofilm development (attachment
and growth) many genes of many specific molecules and also genes encoding
structures enabling cell to cell communication called quorum sensing are
expressed. It was discovered that Candida albicans quorum sensing molecules
farnesol and tyrosol, which are responsible for a switch of yeast into filamentous
state, can have a very complex effect on biofilm (Hornby, 2001; Alem et al.,
2006). Certain amount of tyrosol is secreted in early stages and it is probably

responsible for hyphal formation. Another Candida quorum sensing molecule
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farnesol has an opposite effect and inhibits the development of filamentous
forms (Ramage et al., 2001; Alem et al., 2006). However the research of biofilm
quorum sensing is still in progress.

Once the biofilm is developed it stays on the place of its initial
attachment, grows and changes its shape and size. Because cells need
nutrients and water it has to be created channel systems for them to circulate
free in the biofilm ( Ramage 2001b, Ramage 2001d).

3.2.3 Biofilm dispersal

Dispersal or detachment is a terminal phase of the biofilm life cycle.
As the biofilm grows and the mass increases, the fluid share stress, nutrient
starvation and other factors are leading to division of biofilm cells into
the environment (Trulear and Characklis, 1982; Hunt et al., 2004).

Planktonic cells can consequently leave the biofilm at this point, disperse
and multiply. Afterwards biofilm acts as a nidus of incessant infection (Costeron
et al., 1999). If such dispersal occurs repetitively in certain periods, it can

become a reason of many chronic infections relapses.

3.3 Biofilm structure

Biofilm is a very variegated structure. Its heterogeneity is apparent both
in space and in time. Fundamentally it can be divided into 2 diverse structures —
the aggregation of cells and matrix - the extracellular polymeric substance
(EPS).

Fully developed Candida biofilm contains a net of yeasts, hyphae and
pseudohyphae (Hawser and Douglas, 1994). Hyphal forms have not been
observed in liquid cultures or on agar surface. This finding leads
to the assumption that contact with solid surface is requisite for development
of this structure.

Extracellular polymeric substance can either attach cells to the surface
and hold them together or it can be secreted into the environment. It occupies
most (over 95 %) of the biofilm volume (Zhang, 1998). EPS contains water
(up to 97 %) and many polymeric structures such as proteins, polysaccharides
and extracellular DNA. However, it is primarily composed of polysaccharides.
Some of them are neutral, but the majority is polyanionic. That is caused

by the presence of either uronic acids or ketal-linked pyruvate and specific
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groups as carboxyl, phosphate and sulphate groups (Sutherland, 1990; Al-
Fatani and Dougas, 2006; Suterland, 2001). Polysaccharides form various
structures in biofilm due to interactions with lipids, proteins, lectins and another
polysaccharides. It was observed that micoorganisms with mutations involving
an absence of genes encoding polysaccharides are unable to create real biofilm
(Allison and Shuterland, 1987; Watnick and Kotler, 1999). However once they
are parts of mixed biofilms it is possible for one species to live
in a commensalist relationship with another species producing a sufficient
amount of EPS (James et al., 1995).

3.4 Comparison of Candida species biofilms

The ability to form biofilm is a general attribute of Candida species.
Nevertheless there are differences in the biofilm architecture, resistance, rate
of growth, matrix (EPS) composition and substrate demands among species.
It was observed that C. krusei create weaker biofilm than C. albicans (Tournu
and Van Dijk, 2012). This conclusion was confirmed by our pre-experiment
evaluating the ability to create biofilm of species C. krusei, C. lusitaniae and
C. guilliermondii in comparison with standard C. albicans strain M-61. It became
apparent that C. krusei produce less biofilm (47 — 73 % compare to 100 %
growth of M-61) than C. lusitaniae (more than 100 % compare to M-61) and
C. guilliermondii (also more than 100 % compare to M-61). Our pre-experiment
also confirmed the need of longer 72 hours incubation time of C. krusei strains
to get biofilm of comparable quality to biofilms of C. albicans, C. guilliermondii
and C. lusitaniae extracted after 48 hours long incubation. Slower growth

of C. krusei biofilm has been observed before (Hasan et al., 2007).

3.5 Biofilm model systems

Many kinds of in vitro model systems can be used for observation
of Candida biofilms and their characteristics, e.g. acrylic strips, catheter discs,
cylindrical cellulose filters, perfused biofilm fermenters or microtiter plates
(Ramage, 2001; Hawser and Douglas, 1994; Chandra et al., 2001; Baillie and
Douglas, 1998; Baillie and Douglas, 1998b). In our study the last mentioned

model system — the 96-well microtiter plate was used.

Growth or the fungal cell damage can be evaluated by two basic
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methods — XTT assay and other colorimetric methods or [H?] leucine inter-
corporation. Both methods give a great correlation with biofilm dry weight

(Hawser and Douglas, 1994).

Another issue necessary to be considered is the fact that in vivo
the biofilm is influenced by many environment factors — specific composition
of nutrient in the substrate, certain temperature level and dynamic liquid flow.
The provision of dynamic condition is essential especially for Candida species
biofilms, because they produce a significantly larger mass in dynamic
than in static conditions (Hawser et al., 1998b). However, all mentioned
conditions can be provided for the 96-well microtiter plate model in laboratory
by using the right growth medium, guarantee of temperature stability and

by using the rocker to provide gentle shaking.

The 96-well microtiter plate model is very useful for testing of antifungal
susceptibility of biofilm especially in combination with an evaluation colorimetric
method such as XTT reduction assay. This method is easy to use, rapid,
relatively accurate and reproducible for number of Candida species isolates
(Ramage, 2001). The possibility to use this model for high-throughput screening
and the fact that there is no need for special and expensive equipment make it

indisputably a great choice for clinical and experimental laboratories.
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4 Resistance of Candida species biofilms

4.1 Biofilm resistance

It is well known fact that biofilms are more resistant to antifungal drugs
than planktonic cells. The amount of classic antifungal treatment drugs
(amphotericin B,  fluconazole, flucytosine, Itraconazole, ketoconazole
and combination of amphotericin B + flucytosine and Fluconazole + flucytosine)
used to decrease the metabolic activity of C. albicans to 50 % biofilm growth
on PVC discs is five to eight time higher than the amount for planktonic cells
(Hawser and Douglas, 1995). This increase in resistance was proved
in coincidental studies also for biofiims growth on other surfaces such
as polystyrene, silicone elastomer, polyurethane or cellulose (Ramage et al.,
2001b; Chandra et al, 2001b; Lewis et at., 2002; Baillie and Douglas, 1999).

Resistance causes many problems in chemotherapy of Candida
and other fungal and bacterial infections related with biofilm formations. It has
been noticed that the susceptibility of biofilm is not only proved to be low
against agents from polyenes, allylamines, azoles and pyrimidine analogues but
also against echinocandins in these formations of growth (Kuhn et al., 2002).
Inany case it seems that echinocandins are one of most effective drugs

in the therapy of Candida infections.

4.1.1 Common mechanisms of biofilm resistance

Microorganisms in biofilm can use many different mechanisms
to increase their resistance against antifungal treatment and the host immunity.

All mechanisms of resistance have not been completely revealed yet,
but possible mechanisms which can be involved in this process are: restricted
or decreased penetration of drugs into biofilm, changes in phenotype as a result
of low growth rate and nutrition limitation and surface induced expression

of genes increasing resistance.
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Restricted penetration

Restricted penetration of drug could be one of factors responsible
for biofilm resistance. The production of matrix which provides adhesion
to the surface and surrounds cells could decrease the cell surface exposed
to drugs or the concentration of drug in the biofilm and delay the penetration.

However, many studies have demonstrated that matrix is not the main
cause of biofilm resistance. There has been an assumption that the penetration
can be delayed, but not significantly enough to be considered as main
mechanism of resistance (Steward, 1996). The impact of matrix presence was
also compared in systems when Candida biofilms were grown in static and
dynamic conditions. Biofilms grown in dynamic conditions under gentle shaking
produce more matrix. In this comparison no significant difference was found,
but in separate studies with biofilms grown in flow conditions it was observed
that resuspended cells with less matrix were more sensitive to amphotericin B
(Baillie and Douglas, 2000; Baillie and Douglas, 1998). On that account
the possibility that matrix can play a minor part in the biofilm drug resistance

has to be considered.

Changes in phenotype as a result of low growth rate and nutrition
limitation

Slow growth rate caused by limited supplying of the biofilm by nutrients
from the environment can be another factor decreasing the susceptibility
of biofilm to therapy. There are evidences that low biofilm growth is not the only
cause of the biofilm resistance, because increased resistance to antifungals

at all grow rates has been observed (Baillie and Douglas, 1998b).

Surface induced expression of genes increasing resistance

The adhesion of free floating cells to the surfaces is an initial step
of the biofilm development. At this moment cells start to be a part of the biofilm,
switch their phenotype and activate expression and repression of many genes.
Upregulation of genes encoding multidrug efflux pumps can increase
the resistance. C. albicans has two different types of efflux pumps - ATP-binding
cassette transporters and major facilitators which are encoded by genes their
expression increases during biofilm formation (Ramage et al., 2002).

Nevertheless the fact that mutants with single or double deletion mutation
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in that study were highly susceptible to the treatment signalizes that biofilm
resistance is a multi-factorial process.

From other genetically determined mechanisms of biofilm resistance
the alternation of a target enzyme which seems to be extremely important

especially for the antifungal group echinocandins can be mentioned.

4.2 Resistance to echinocandins

Fungal pathogens use many different mechanisms to increase their
resistance against antifungal therapy. These mechanisms can differently
manifest in each species or they can differently influence resistance even
in strains of the same species. In biofilms, which are generally difficult to treat,
it is very important to define mechanisms of their drug resistance and so enable
the choice and development of effective antimycotic agents.

Factors which are responsible for increase in Candida species resistance
can be various. In previous chapter general mechanisms that biofilm may use
to increase its resistance are mentioned. It is known that there exist specific
mechanisms which biofilm develops as a protection against certain drugs and
which can be found also in planktonic cells. For example reduced drug import
into the cell, modification of drug degradation in the cell, alternation of the target
enzyme, changes in enzymatic pathways or increased drug efflux to name
some.

Although echinocandins are considered to be effective drugs, there have
been reported cases of to them resistant Candida infections (Miller et al., 2006;
Hakki et al., 2006). Possible mechanisms of resistance are still being studied.
Anyway it seems that increase amount of efflux transporters is not
the main factor, because after their genes overexpression caspofungin reacts
only with a minimal increase in MIC (Schuetzer-Muehlbauer et al., 2003).
Modulation of echinocandin susceptibility can be caused by genes involved
in chitin synthesis, protein mannosilation, PKC dependent cell pathways and
FKS genes regulation. Nevertheless the modulation of susceptibility is
considered moderate and these mechanisms can be impacts of natural drug

tolerance and reasons of paradoxical effect (Stevens et al., 2005; Perlin, 2007).
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4.2.2 Mutation of FKS1 gene - main mechanism of resistance

It was discovered that Fks1p, the major subunit of B-1,3-D-glucan
synthase, is the main target of echinocandins (Douglas, 1994) and changes
in this structure represent important mechanisms of Candida species leading
to decreasing of susceptibility to echinocandins (Kurtz et al., 1996; Douglas,
1997; Balashov et al., 2006).

There were tested clinical isolates from patients whose therapy failed
orhad only a low response. It was observed an amino acid substitution
at Ser645 at HS1 of the subunit Fks1p (Park et al., 2005). As HS1 is designated
a ,hot spot 1% a region of Fks1p that confers reduced susceptibility
to caspofungin. The change causes that the glucan synthase is about
1000 times less susceptible to the treatment (Park et al., 2005). Changes
in HS1 region have been observed also for other resistant Candida species
including C. krusei (Kahn et al., 2007; Garcia-Effron et al., 2010). However rare
mutations of genes encoding Fks proteins are, their occurrence increase
(Pfaller et al., 2011b).

4.2.3 Another mechanisms reducing susceptibility to

echinocandins

Another mechanism which causes increase of echinocandin antifungal
activity can be the activation of compensatory pathways like PKC cell integrity
pathway which leads to elevation of chitin level in the cell (Reinoso-Martin et al.,
2003). It was also proved that the chaperone protein Hsp90 which is associated
with structures of many proteins and interacts with protein phosphate
calcineurin is accordingly integrated in processes regulating resistance
to echinocandins (Singh et al., 2009).
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5 Echinocandins

There are five basic classes of antifungal drugs for treatment of life-
threatening fungal infections — polyenes, allylamines, azoles, pyrimidine
analogues and echinocandins. The last mentioned group of antifungals and
their activity against Candida species is the subject of our experiment.

Echinocandins are a relatively new group of antifungal drugs active
against most species from the genus Candida and also some other fungi.
Clinically important is especially their activity against the genus Candida and
Aspergillus.

Target of echinocandins - enzyme [-1,3-D-glucan synthase is
responsible for synthesis of polysaccharid B-1,3-D-glucan which is one of main
polymers of the fungal cell wall. The fungal cell wall is a rigid structure
which contains mostly glucans. Apart from 3-1,3-D-glucan, B-1,4-D-glucan and
B-1,6-D-glucan, the cell wall composes of chitin, galactomannan, mannan and
other glycoproteins [Figure 4] (Klis, de Groot and Hellingwerf, 2001; Douglas,
2001). Nevertheless the major representation in its structure has 3-1,3-D-glucan
which constitutes from 30 to 60 % of the cell wall of the genus Candida
(Denning, 2003).
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Figure 4: Structure of the fungal cell wall (Author: PeSkova)
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Numerous advantages of echinocandins are the reason why they have
become one of the first line drugs in the treatment of Candida systemic
infections (Pappas et al., 2004). Advantages of the therapy with echinocandins
are their broad spectrum of activity, especially in the genus Candida, activity
against azole-resistant Candida strains, low toxicity, long half-life allowing once
a day dosing, the fact that the dose does not depend on age, gender or race
and that they are almost no interactions with other substances on cytochrome
P450 (Sakaeda et al., 2010; Damle et al., 2008; Colburn et al., 2004; Groll and
Walsh, 2001; Cancidas PI, 2010; Mycamine PI, 2011; Eraxis PI, 2010).

3.1 Development of echinocandins

Echinocandins are chemically modified microbial products. The history
of their development began in 1970s. The first agent with antifungal activity
chemically related to echinocandins was a pneumocandin discovered in 1974
in Germany. Name of this compound was echinocandin B and it was a product
of Aspergillus nidulans (Nyfeler and Keller-Schierlein, 1974). Even though
echinocandin B has not been clinically used ever since, it has become
a cornerstone for a new line of antifungal drugs - echinocandins.

The first semisynthetic echinocandin approved by U.S. Food and Drug
Administration (FDA) was caspofungin, developed by Merc & Co., Inc.
The approval by the European Medicine Agency (EMEA) was received
in the same year with a trade name Mycamine (Mycamine: EPAR — Summary
for the public). Caspofungin is a modified pneumocandin B, which is
a fermentation product of Glarea lozoyensis (Letscher-Bru and Herbrecht,
2003).

Caspofungin was followed by micafungin which was invented by the drug
company Astellas Pharma US, Inc. and approved by FDA in 2005 (Fujie, 2007)
and EMEA in 2008 as Cancidas (Cancidas: EPAR — Summary for the public).
Micafungin was prepared by a change in the structure of hexapeptide
FR901370 of Coleophoma empedra.

The newest approved drug from the group of echinocandins is
anidulafungin. It was originally developed by Vicuron Pharmaceuticals,
but it was later acquired by Pfizer, Inc. which gained the approval of FDA

in 2006. It was approved by EMEA in 2007 with a trade name Eclata (Ecalta:
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EPAR — Summary for the public). Anidulafungin was developed from
echinocandin B, produced by Aspergillus nidulans.

All echinocandins are distributed in a form of a powder for infusion.
Anidulafungin and caspofungin are provided as Iyophylised powders
for reconstitution before infusion. Micafungin is manufactured as a powder
ready for reconstitution (Denning, 2003; Kurtz and Rex, 2001; Carver 2004,
Murdoch and Plosker, 2004).

3.2 Chemical characteristic of echinocandins

Currently clinically used echinocandins have a structure of semisynthetic
pneumocandins. They are lipopeptides with a large molecule with molecular
weight about 1200. We can distinguish two distinct parts of their structure -
large amphiphilic cyclic hexapeptide and long N-linked acyl chain of fatty acid
attached to its skeleton [Figure 5,6 and 7].

The composition and size of the side-chain is the characteristic of each
echinocandin molecule. In the past the side-chain was considered to be a cause
of haemolytic activity of early echinocandins. Later expedient modifications
of this part of the molecule led to synthesis of safe compounds without
haemolytic activity (Klein and Li, 1999).

The molecule of anidulafungin has an alkoxytriphenyl side-chain.
Its molecular weight is 1140.24. Caspofungin has a simple side-chain and
molecular weight 1093.31. Micafungin has a complex aromatic side-chain
containing 3,5-diphenyl-substituted isoxazole and molecular weight 1270.28.

The molecular formula of anidulafugin is CssH7zsN;O47, caspofungin-
acetate formula is Cs;HgsN10O1s - 2 C:H4O, and micafungin sodium formula is
CssH7o0NgNaO23S.

Different structural characteristics of molecules determine their diverse
solubility. Caspofungin (in form of acetate salt) and micafungin (in form

of sodium salt) are both free soluble in water, whereas anidulafungin is not.
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Figure 5: Structure of anidulafungin (Author: PeSkova)
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Figure 6: Structure of caspofungin (Author: PeSkova)
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Figure 7: Structure of micafungin (Author: Peskova)

3.3 Mechanism of action of echinocandins

Mechanism of action of echinocandins is based on non-competitive
and concentration-dependent inhibition of enzyme -1,3-D-glucan synthase.
This unique enzyme of fungi, which does not occur in human cells,
is responsible for synthesis of essential carbohydrate component of the fungal
cell wall — B-glucan. It is a polymer of glucose and it can occur in three main
forms: as B-1,3-D-glucan, B-1,6-D-glucan and B-1,4-D-glucan. These polymers
give the shape and mechanical strength to the cell wall and keep the osmotic
stability. Changes in the amount of glucan, especially of B-1,3-D-glucan,
are leading to the osmotic instability and the cell lysis.

Glucan synthase is an enzymatic complex bound to the cell membrane
composed of 2 subunits. This enzyme and other compounds of related
regulatory pathways have been observed in depth in many studies
with Candida and other fungal species (Douglas, 1997; Mazur and Baginsky,
1996; Beauvais et al., 2001).

One of two compounds of glucan synthase is a catalytic subunit Fksp
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which is a protein integrated in the cell membrane. It binds the molecule
of echinocandin and a molecule of the intracellular UDP-glucose. The second
compound is a regulatory subunit Rho1p, which is a small GTP-binding protein.
The complex is polymerizing UDP-glucose to glucan and supplying the cell wall
with new molecules of glucan [Figure 8] (Kang and Cabib, 1986; Mol et al.,
1994; Shematek and Cabib, 1979; Arellano et al., 1996).

Man oleins
Echinocandins R

Site of Action

Figure 8: B-1,3-D-glucan synthase enzymatic system The picture is illustrating the role of 8-
1,3-D-glucan synthase in the synteshesis of 3-1,3-glucan

Copied from: Safdar, 2009: Fungal Cytoskeleton Dysfunction or Immune Activation Triggered by
B-Glucan Synthase Inhibitors

There were found two main forms of the catalytic protein Fksp called
Fks1p and Fks2p. It was discovered that the gene encoding Fks2p (gene FKS2)
is highly identical to the gene encoding Fks1p (gene FKS1) (Mazur et al., 1995).
FKS1 is a cell-cycle dependent gene and its transcription leads to remodulation
of the cell wall. FKS1 plays main role during the vegetative growth whereas
FKS2 is important for the sporulation. Genes encoding these catalytic proteins
of B-1,3-D-glucan synthase were first observed in Saccharomyces cerevisiae
(Douglas et al., 1994). Later the presence of these two genes in other yeast
species was researched. It was discovered that C. albicans catalytic subunit

of 1,3-B-D-glucan synthase is encoded by similar genes as Fks1p and Fks2p
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in Saccharomyces cerevisiae (Douglas et al., 1997).
However, the issue of where exactly echinocandins bind to the enzymatic

complex has not been fully resolved.

3.4 Pharmacokinetics

Currently there are no echinocandins available for the oral use.
Anidulafungin, caspofungin and micafungin are for intravenous administration
only. There is a certain level of the drug available in plasma after oral
administration, but this amount is insufficient for treatment of fungal infections.
For example the bioavailability of caspofungin is even less than 0,2 %
(Caspofungin acetate — FDA advisory committee meeting background,2000).

The recommended dose for treatment of candidaemia for caspofungin is
70 mg/day followed by a maintenance dose 50 mg/day (Cancidas PI, 2010).
The recommended dosage for micafungin is 50 mg/day, 100 mg/day
or 150 mg/day when the dose 100 mg/day is recommended for treatment
of candidaemia (Mycamine PI, 2011). Recommended dose for anidulafungin is
200 mg/day as a loading dose, and 100 mg/day thereafter (Eraxis PI, 2010).

The cmex in plasma after intravenous administration of 70 — 75 mg
of caspofungin and micafungin are relatively similar, which means 12 mg/L
for caspofungin and 10.9 mg/L for micafungin (Stone et al., 2002; Chandrasekar
and Sobel, 2006). Anidulafungin reaches the cmax 3.55 mg/L which is
considerably lower (Eraxis Pl, 2010). For all echinocandins high protein binding
is typical — more that 95 % (Kofla a Ruhnke, 2011).

Anidulafungin and micafungin are mostly eliminated by the liver.
Caspofungin is mostly eliminated by kidneys.

From adverse effects of echinocandins headache, fever, liver toxic
effects, histamine release, haemolysis or rush can appear (Cancidas PI, 2010;
Mycamine PI, 2011; Eraxis PI, 2010).
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3.5 Paradoxical growth effect

An attenuation of antifungal activity in higher concentrations of the drug is
called ,Paradoxical growth effect” or ,Eagle effect” [Figure 9]. This phenomenon
was observed for the first time in 1948 in a study where penicillin bactericidal
and bacteriostatic activity was tested (Eagle and Musselman,1948). It became
apparent that this effect can be observed also in higher levels of echinocandins.
It was initially observed for the agent cilofungin, which is a derivative
of echinocandin B (Hall et al., 1988) and thereafter it was described in many
studies for Candida species with currently clinically used echinocandins
(Stevens et al., 2004; Shields et al., 2011; Melo et al., 2007; Chamilos et al.,
2007; Fleischhacker et al., 2008). The paradoxical effect was observed not only

in vitro but also in vivo studies (Petraitis et al., 1998).

Cell
(fungal)
damage

Concantration of the drug (echinocandin)

Figure 9: Paragoxical growth effect The line is representing fungal damage depending on the
concentration of echinocandins (Author: PeSkova)

Performed studies revealed that there are profile differences between
tested Candida species. The concentration at which the paradoxical effect
appears is not the same for tested Candida species and even for strains of one
species differences and diversity in intensity of this effect were observed.

In studies the effect also appeared to be media specific. Hall observed that
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in RPMI medium the paradoxical effect is more pronounced thanin YNB
medium.

The cause of attenuation of the antifungal activity in higher concentration
of echinocandins remains unknown. One of supposed reasons of development
of this effect might be increasing of synthesis of chitin. This contention is based
on the before mentioned study of Stevens et al. in which he quantified increase
in the amount of chitin after the exposure to caspofungin.

Other potential mechanism can be up-regulation of protein kinase C.
A rapid induction of the gene encoding protein kinase C was observed
after exposure to caspofungin (Agarwal et al., 2003; Reinoso-Martin et al.,
2003).

Other mechanisms responsible for paradoxical effect could be FKS1
mutations and up-regulation of synthesis of (-1,3-D-glucan synthase.
Nevertheless it has not been proved that this mechanism occurs specifically
after exposure to caspofungin in higher concentrations (Stevens et al., 2005).

Nowadays the research is focused on the clinical implications of findings

in this area.
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6 Methods and materials

In the practical part we were measuring the susceptibility of C. lusitaniae,
C. guilliermondii and C. krusei biofiim (BF) to antimycotics from a group
of echinocandins (anidulafungin, caspofungin and micafungin). We were
evaluating their activity against biofilm and planktonic cells (PL). For growth
of BF was necessary 48 hours (for C. lusitaniae and C. guilliermondii) or

72 hours long incubation (for C. krusei). Protocol is itemized in appendix.

For evaluation of biofilm susceptibility to echinocandins we used the XTT
assay. It is a quantitative colorimetric method which is often used
for assessment of eukaryotic cell metabolic activity. When it was proved that
it can be also used for testing of fungal cell viability, it becames one of most
often used methods for evaluating of susceptibility to antifungal drugs (Hawser
et al., 1998; Meshulam et al., 1995).

It is based on conversion of tetrazolinum salt XTT (2,3-bis[2-methoxy-4-
nitro-5-sulfophenyl]2H-tetrazolium-5-carboxanilide) into water soluble formazan
due to mitochondrial dehydrogenase. This enzyme of respiratory chain is

produced only by living cells with undamaged mitochondrial membrane.

into 96-well Incubate for 48~ MFG to BF plates
microtiter or 72 hours to

plate 0 O OO0 O0OO0O get BF
T poOo0o0oo0o0 37 °C, shakin
10° yeast/ mL OO OCO0OOO0O RPMI .

Incubate for

Incubate for 24 Remove RPMI,

20-30
hours add XTT + Co-Q minutes Absorbance
> measurment
37 °C, shaklng v X7 37°C
RPMI l
Fungal damage No fungal damage

- O

Figure 10: Schematic plan of the XTT assay for biofilm BF(biofilm), AND(anidulafungin),
CAS(caspofungin), MFG(micafungin), (Author: PeSkova)
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6.1 Instrumental and material equipment

Laminar box (Gemini, STERIL)

Incubator at 37 °C (GALLENKAMP, MEMMERT)

Light microscope (OLYMPUS)

Benchtop low speed centrifuge (HETTICH UNIVERSAL)

Benchtop high speed refrigerated centrifuge for microtiter plates (HETTICH
UNIVERSAL)

96-well  microplate  absorbance reader (ChroMate, nAWARENESS
TECHNOLOGY INC)

Electric hot plate with a magnetic stirrer (Cat M 6/1, ZIPPERER GMBH)

Orbital shaker

Vortex (Vortex Genie-2, SCIENTIFIC INDUSTRIES, INC.)

Analytical balance electronic scale (KERN EG)

PC with software ChroMate

Microscope slides

Cover glasses

Neubauer chamber

Centrifuge plastic tubes with a lid (15 mL and 50 mL)
Microcentrifuge safe-lock plastic Eppendorf tube (1.5 mL)
Plastic tissue culture flasks (100 mL)

Petri dishes

Inoculation loop

Bacterial filter (Klari-Flex, WHATMAN)

Automatic pipettes (GILSON)

Automatic multi-channel pipette (Tipor-M, ORANGE SCIENTIFIC)
Automatic pipette tips

96-well polystyrene microtiter plates
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6.2 Chemicals

Yeast nitrogen base with amino acids solution (YNB solution)
RPMI 1640 growth medium with 2 % of glucose

Peptone liquid medium used to preserve isolates

Sabouraud agar with antibiotics (SA+)

Phosphate buffered saline solution (PBS)

Coenzyme Q solution

XTT solution

Antimycotic drugs:
Anidulafungin (Ecalta; Pfizer Ltd, US)
Caspofungin (Cancidas; MSD — Merck Sharp and Dohme Ltd, UK)

Micafungin (Mycamine, Atellas Pharma Europe B.V., Holland)

6.2.2 Preparation of solutions and media
Sabouraud agar with antibiotics (SA+)
Contains

30.000 gr of Sabouraud Liquid Medium (with 2 % of glucose)(Scharlau Chemie,
S.A)

33.300 gr of agar
750.00 pL of Gentamicin Sulfate (Garamycin; MSD, UK)

300.00 pL of Chloramfenicol Sodium Succinate (Chloranic; Norma Hellas S.A.
GR)

Water for injection
Preparation

We mixed Sabouraud liquid medium with agar and refilled with water of injection
to 1L. Whole volume was properly stirred. We sterilized the solution
in autoclave and we added antibiotics after the sterilization. The warm solution
was poured into Petri dishes and left to solidify.
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Peptone liquid medium used to preserve isolates

Contains
250.00 pL of glycerol

750.00 pL of peptone water solution (4 g of Peptone from Casein (AppliChem

GmbH, Germany) in 100 mL water for injection)
Preparation

We had prepared peptone water solution stock. We took 750 uL of peptone
solution from the stock and mixed with 250 pL of glycerol in a plastic tube to get

sufficient amount of medium to preserve one isolate sample.

Yeast nitrogen base with amino acids solution (YNB)

Contains

6.700 gr of Yeast Nitrogen Base with Amino Acids (Sigma-Aldrich Chemie
GmbH, Germany)

5.000 gr of glycerol

Water for injection

Preparation

We weighed out yeast nitrogen base with amino acids and glycerol, transferred
it into a bottle and filled up with water to 100 mL. Afterwards we mixed it and

sterilized it by membrane filtration.

We were using this solution diluted 1:10 as a medium.

RPMI growth medium (RPMI)

Contains

10.400 gr of RPMI 1640 Medium (Sigma-Aldrich Chemie GmbH, Germany)
100.00 mL of water for injection

HEPES buffer (AppliChem GmbH, Germany)
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Preparation

We dissolved 10.4 gr of RPMI in water pro injection and added as much HEPES

as we needed to reach pH = 7.2. Then we sterilized it by membrane filtration.

Phosphate buffered saline (PBS)

Contains

Solution 1:

0.745 gr of di-Sodium hydrogen phosphate anhydrous p.Analysis (AppliChem,

Germany)

0.306 gr of NaCl

Water for injection to 70.00 mL

Solution 2:

0.726 gr of Natruim dihydrogenphosphat-dihydrat (AppliChem, Germany)
1.314 gr of NaCl

Water for injection to 70.00 mL

Preparation

We prepared both solutions. We were adding Solution 2 into Solution 1 until pH

reached 7.2. We used membrane filter for sterilization of the solution.

Coenzym Q solution

Contains

0.500 gr of Coenzym QO (Sigma-Aldrich Chemie GmbH, Germany)
10.00 mL of acetone
Preparation

We dissolved Coenzym Q in acetone.
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XTT solution

Contains

0.025 gr of XTT sodium salt (BioChemica;AppliChem, Germany)
PBS solution to 100 mL
Preparation

We dissolved XTT in 100 mL of PBS solution. We used membrane filter for

sterilization.

6.3 Organisms

Biofilms of 3 Candida species were observed in this experiment:
C. krusei, C. lusitaniae and C. guilliermondii. Code names of Candida BSI
isolates from patients are illustrated in the table [Table1].

Clinical isolates

C. guilliermondii — C. lusitaniae — C. krusei —
3 strains 14 strains 13 strains
99bl 4241 9908
111bl 5278 10226
1120l 2923 12414
2588 6865
4243 9200
2732 7824
7892 9346
8850 7294-2
5094 8657
6936 12841
9949 11154
0640 11708
4245 6892

2885

Table 1: Code names of clinical isolates

Isolates were gathered from the National collection of fungal pathogens
stationed at the Microbiology Department, Medical School, National and

Kadodistrian University of Athens.
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6.4 Methods

6.4.1 Storage of clinical isolates

Tubes with clinical isolates were stored in the freezer (-35 °C).

We had prepared 5 more stock tubes of each sample for our experiment
by defrosting original tubes with isolates and inoculating by them SA+ agar
plates. Plates were inoculated by spreading the cell suspension over the agar
surface. They were incubated for 48 hours at 37 °C. We took appropriate
amount of cells after the incubation, transferred them with a loop into 1 mL
plastic Eppendorf tubes with peptone liquid medium, vortexed properly and
stored in -35 °C .

6.4.2 Biofilm preparation

We had to defrost certain isolate we had chosen for our week
experiment. When the sample was defrosted, we vortexed it and used
a sufficient amount (approximately 30 uL of suspension) to inoculate a plate
with Sabouraud agar with antibiotics. We added suspension to the first quadrant
of the plate with a loop and streaked in order to get single colonies. We let
the plate incubate for 48 hours at 37 °C .

After 48 hours we removed the plate from the incubator. We took a loop
and transferred 2 or 3 colonies from the plate into a sterile tissue plastic flask
filed with 20 mL of YNB solution. Then we left the flask in the incubator
for 24 hours at 37 °C in dynamic conditions. Dynamic conditions were provided
by using a rocker on speed 8. This way we got a cell suspension which could be
used to grow biofilm.

After the incubation we had to wash the cells. At first we put all liquid
from the flask to a plastic tube and centrifuged at 2000 rpom for 10 min.
After 10 minutes we took the tube out of the centrifuge and evacuated the used
YNB medium. We resuspended pellets in 10 mL of PBS using the vortex
for 20 minutes on maximal speed. When the content of the tube was
resuspended we centrifuged again at 2000 rpm for 10 min.
After the centrifugation we replaced PBS with 10 mL of RPMI solution and

vortexed for 20 minutes at maximum speed.
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When the suspension was homogeneous we diluted it with physiological
solution 1:1000 and found out the concentration of cells per a millilitre.

The Neubauer chamber and a microscope were used for counting cells.

The equation [1] we used for calculation of the concentration of cell per

a millilitre was:

c =n/4 x 10*x DF [1]
n....... amount of cells on 4 squares of the Neubauer chamber
o3PS concentration cell/mL
DF =10 .o dilution factor of the suspension

Once we knew the concentration of cells per mL (initial concentration) we
could continue with the next step of our experiment which was transferring
microorganisms into microtiter plates. Prior to the transferring, we had to
prepare a suspension of a concentration 10°cell/mL in RPMI solution. We
calculated the initial volume of suspension and put it into a 50 mL plastic tube.
We filled the volume to 28 mL with the RPMI solution.

The volume of the suspension (= initial volume) needed to be transferred

into the tube was found out by using this equation [2]:

Vi=Vexcilci  [2]

Vi, initial volume of suspension
Vi final volume of suspension
Vi=28 ml

Ciueennn initial concentration of suspension

¢ = ¢ from equation [1]
Cheveereenn final concentration of suspensio

ci= 10 cell/mL
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We had to prepare this suspension in order to have a final concentration
10°cell/mL in each well of the microtiter plate (except the last column which was
left empty for blankets). We reached this concentration after filling wells
with 100 uL of cell suspension and 100 L of drug solution.

Once the suspension had been prepared, we took three 96-well
microtiter plates (one for each drug) and added 100 pyL of the suspension
into each well of columns from 1 to 11 of every plate with a multi-channel
pipette. C. lusitaniae and C. guilliermondii plates were incubated for 48 hours

in order to get BF. C. krusei plates were incubated for 72 hours.

6.4.3 Planktonic cell preparation

For growing PL we reused inoculated SA+ plates which we saved in
the refrigerator after the biofilm preparation.

At first we put 2 or 3 colonies from the plate into a sterile plastic tissue
flask with 20 mL of YNB. This flask was kept in the incubator for 24 hours
at 37 °C in dynamic conditions. Dynamic conditions were provided by using
the rocker on speed 8.

When the incubation was finished we washed the cells (described
in the chapter Biofilm preparation).

From homogeneous suspension we prepared 1:1000 dilution for cells
counting and used equation [1] (described in the part Biofilm preparation).

The difference from method of BF preparation was in calculation [2]
for the initial volume of suspension which had to be transferred to the plate.
The value for final concentration (Cf) was 2 x 10°cell/mL. We used this value
in order to get concentration 2x10°cell/mL in each well of the microtiter plate
filled with 100 pL of the suspension and 100 pL of drug solution.

When the suspension had been ready, we took three 96-well microtiter
plates (one for each drug) and added 100 pL of the suspension into each well

of columns from 1 to 11 of every plate with the multi-channel pipette .
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6.4.4 Drug plates preparation

The concentration of each drug (anidulafungin, caspofungin and

micafungin) was tested in pentaplicate.

It was necessary to have 2 plates of each drug for every isolate
(one plate for BF and one plate for PL). Firstly we filled every well in columns 1-
11 of a sterile 96-well microtiter plate with 150 yL of RPMI solution. Then we
added 150 pL of the drug solution (of concentration 1024 mg/L) to wells 1-5 of
the row A. We mixed contents properly using the multi-channel pipette and
afterwards we transferred 150 uL of the solution from first 5 wells of the row A
into first 5 wells of the row B. This way we got half concentration in the row B.

We continued as described to reach the lowest required concentration.

We had to consider that the final concentration of drug on the plate with
BF and PL will be lower, because we transfered 100 pL of solution from the drug
plate to 100 pL of the cell suspension on PL or BF plate. That was the reason
why we had to add 150 yL of the drug of the concentration 1024 mg/L
into 150 pL of RPMI to get the final concentration of 256 mg/L

Final concentrations of drugs for our experiment were:

Anidulafungin................... 256 - 0.007 mg/L
Caspofungin.........cccceeee. 256 - 0.015 mg/L
Micafungin..........ccccvvvvvnns 256 - 0.03 mg/L

The design of the plate had to be adapted to the length of the
dilution line of each drug [Figure 11, 12 and 13]. Drugs were put in rows A — H.
In the case of anidulafungin we had sixteen dilutions. For caspofungin we had
fourteen dilutions so we left free wells in columns 6 - 10 of rows G and H (these
wells were later used as extra positive controls for XTT assay). When we were
preparing plate with micafungin, we had thirteen dilutions and we got empty
wells in columns 6 - 10 of rows F, G and H (hese empty wells were used

as positive controls as well).

Usually we prepared these plates earlier in advance and we stored them

in the freezer in -35 °C. In the time of need we took them out, defrosted them
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and transferred drug solution from them into plates with PL and BF.

ANIDULAFUNGIN

A 256 | 256 | 256 | 256 | 256 1 1 1 1 1

B 128 | 128 | 128 | 128 | 128 | 0.5 | 0.5 | 05 | 0.5 | 0.5

C 64 64 64 64 64 | 025|025 025|025 | 0.25

D 32 32 32 32 32 10.125(0.125|0.125|0.125 | 0.125

E 16 16 16 16 16 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06

F 8 8 8 8 8 0.03 | 0.03 | 0.03 | 0.03 | 0.03

G 4 4 4 4 4 /0.015|0.015|0.015|0.015|0.015

H 2 2 2 2 2 0.007|0.007 | 0.007 | 0.007 | 0.007

Figure 11: Final concentrations of anidulafungin Numbers represent concentration of drug

in mg/L

CASPOFUNGIN

A 256 | 256 | 256 | 256 | 256 1 1 1 1

B 128 | 128 128 | 128 | 128 0.5 0.5 0.5 0.5 0.5

C 64 64 64 64 64 025 | 025 | 025 | 0.25 | 0.26

D 32 32 32 32 32 10125 |0.125 | 0.125 | 0.125 | 0.125

E 16 16 16 16 16 0.06 | 0.06 | 0.06 | 0.06 | 0.06

F 8 8 8 8 8 | 003|003 | 003|003 ]| 003
G 4 4 4 4 4
H 2 2 2 2 2

Figure 12: Final concentrations of caspofungin Numbers represent concentration of drug in

mg/L
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MICAFUNGIN

A 256 256 256 256 256 1 1 1 1 1

B 128 128 128 128 128 0.5 0.5 0.5 0.5 0.5

C 64 64 64 64 64 025 | 025 | 0.25 | 0.25 | 0.25

D 32 32 32 32 32 |0.125 | 0.125 | 0.125 | 0.125 | 0.125

E 16 16 16 16 16 0.06 | 0.06 | 0.06 | 0.06 | 0.06

F 8 8 8 8 8
G 4 4 4 4 4
H 2 2 2 2 2

Figure 13: Final concentrations of micafungin Numbers represent concentration of drug in

mg/L

6.4.5 Incubation with drugs

We took all plates with BF out of the incubator (after the incubation
for 48 or 72 hours) and prepared plates with PL.

We replaced used RPMI medium on BF plates with a new one before we
started adding drugs.

When the medium was changed and plates with PL were prepared we
defrosted plates with drugs. We transferred 100 yL of the drug solution
into each well of columns 1 — 10 of BF and PL plates (to column 11 we added
only RPMI). We transferred the drug from a well of a certain number and letter

into the well of the same number and letter.

We let BF and PL incubate with drugs for 24 hours at 37 °C using
the rocker on speed 8.

6.4.6 XTT assay

We took PL and BF plates with drugs out of the incubator and centrifuged
them for 20 minutes at 3000 rpm and at 15 °C. Before the centrifugation

we weighted all plates and balanced them very carefully to avoid the damage
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of the cell layer during the centrifugation.

We removed the RPMI medium gently from each well with the multi-
channel pipette after the centrifugation was finished. At this moment we could
see whether the biofilm was created properly.

Then we added mixture of XTT and CoQ solution. We had prepared
the mixture of XTT and CoQ solution in advance. These two reagents were
in ratio 80 yL of CoQ solution to 1 mL of XTT solution. We transferred 130 pL
of this mixture into wells of columns 1 - 11 and in wells G and H of column 12
[Figure 14]. These 2 wells were used as blankets for setting up a microplate
absorbance reader.

After we had added XTT and CoQ we put plates into the incubator
at 37 °C and kept them inside for approximately 20 minutes. When these plates
were ready for reading (the colour of positive controls was orange) we
transferred 100 pL of the solution from each well of each plate into wells
of clean plates. This way we created a copy of BF and PL plates suitable
for reading in absorbance reader.

The wavelength we used for measuring was 450 nm.

1 2 3 4 5 6 7 8 9 10 11 12

A P
B P
C P
D P
E P
F P
G P|B
H LOW DRUG CONG. P| B
‘ DRUG + MICROORGANISM |
L

MICROOGANISM

Figure 14: Final design of the plate for XTT assay P (positiv control), B (blanket)
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We used this equation [3] to calculate the fungal damage from absorbance

values:

% fungal damage = 100 - (100 x Ae/Ac) [3]

experimental absorbance value

positive control absorbance value
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7 Results

Three Candida species were tested — C. guilliermondii (3 strains),

C. krusei (13 strains) and C. lusitaniae (14 strains).

There was observed antifungal activity of anidulafugin, caspofungin

and micafungin against biofilm (BF) and planktonic cells (PL).

To create BF cell suspension was incubated on microtiter plates
for 48 hours (for species C. guilliermondii and C. lusitaniae) and for 72 hours
(for species C. krusei) at 37 °C in dynamic conditions. Both BF and PL were

incubated with drugs for 24 hours.

For assessment of the susceptibility to echinocandins was used the XTT
assay. The colour conversion was measured at 450 nm with an absorbance
reader. Absorbance values of tested concentrations of echinocandins (every
drug concentration was repeated in pentaplicate for each strain isolate) were
processed and converted into the fungal damage. The drug concentration which
cause fungal damage 50 % was defined as the MICs. In the end an average
of MICsy values of tested species strains was made and susceptibility

for C. lusitaniae, C. guilliermondii and C. krusei was evaluated.

7.1 Candida species susceptibility profiles

In this part are shown charts illustrating susceptibility profiles of Candida

species to tested echinocandins.

On charts are plotted values of fungal damage for PL and BF depending

on the drug concentration.

Tables with values of fungal damages of single tested strains are

itemized in the appendix.

52



7.1.1 C. lusitaniae susceptibility profile

ANIDULAFUNGIN (C.lusitaniae)

125
100 o
75
g 50 OpL
E mBr

concentration of anidulafungin [mg/ L]

Figure 15: Susceptibility profile of C. lusitaniae to anidulafungin PL (planktonic cells), BF

(biofilm), FD (fungal damage)

Average FD for C. lusitaniae Standard deviation
Concentration of alnldulafungln PL [%] BF [%] PL [%] BF [%]
[mg/L]:

0,007 -13,09 -3,16 8,01 1,22
0,015 4,92 19,73 2,25 2,99
0,030 19,21 31,80 3,87 3,26
0,060 44,20 38,65 3,59 2,61
0,125 85,15 41,96 3,82 3,07
0,250 97,56 43,48 0,84 3,25
0,500 98,34 35,37 0,35 3,15
1,000 98,01 22,97 0,42 2,81
2,000 99,10 20,80 0,25 3,05
4,000 99,34 31,45 0,21 3,76
8,000 98,01 40,79 0,55 2,83
16,000 99,35 48,05 0,23 2,80
32,000 98,99 45,64 0,27 3,56
64,000 99,35 45,22 0,22 2,64
128,000 99,32 40,81 0,20 2,77
256,000 99,36 32,89 0,20 2,83

Table 2: Source data for the figure Susceptibility profile of C. lusitaniae to anidulafungin

Anidulafungin did not reach MICs, for biofilm. The closest value to MICs
(48.05 %) it reached was at the concentration 16 mg/L. MICs, for planktonic

cells was 32 mg/L.
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CASPOFUNGIN (C.lusitaniae)
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concentration of caspofungin [mg/L]

Figure 16: Susceptibility profile of C. lusitaniae to capofungin PL (planktonic cells), BF

(biofilm), FD (fungal damage), red column marks MICs,

Average FD for C. lusitaniae Standard deviation
Concentration of (.;aspofungln PL [%] BF [%] PL [%] BF [%]
[mglL]:

0.030 12.69 10.52 2.29 1.79
0.060 17.72 14.73 3.99 2.02
0.125 19.74 18.13 4.19 2.81
0.250 20.78 18.08 4.19 2.82
0.500 24.20 20.73 5.35 3.22
1.000 67.34 32.37 8.89 7.32
2.000 78.53 30.51 7.90 7.52
4.000 85.43 38.77 6.44 6.71
8.000 80.04 42.75 6.16 7.01
16.000 84.50 41.22 6.37 6.30
32.000 83.69 54.98 6.01 5.77
64.000 89.50 71.61 5.05 5.28
128.000 96.48 90.51 3.76 3.90
256.000 95.41 94.11 4.49 4.38

Table 3: Source data for the figure Susceptibility profile of C. lusitaniae to capofungin

Caspofungin reached MICs, for biofilm at 32 mg/L. MICs, for planktonic

cells was 1 mg/L.
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MICAFUNGIN (C.lusitaniae)

125
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Figure 17: Susceptibility profile of C. lusitaniae to micafungin PL (planktonic cells), BF

(biofilm), FD (fungal damage), red column marks MICs

Average FD for C. lusitaniae Standard deviation

Concentration of micafungin [mg/L]: PL [%] BF [%] PL [%] BF [%]
0.060 69.80 35.44 6.96 5.53
0.125 76.00 30.87 6.55 5.63
0.250 85.16 43.55 5.25 5.82
0.500 89.21 40.10 4.70 6.17
1.000 88.04 26.26 5.49 7.77
2.000 91.28 32.10 4.98 7.67
4.000 92.85 44.36 4.01 6.55
8.000 92.19 45.53 4.10 6.33
16.000 93.36 50.34 3.76 5.78
32.000 92.07 50.01 3.99 5.49
64.000 92.49 48.76 3.99 5.72
128.000 91.76 44.81 4.50 6.16
256.000 90.99 35.44 5.21 7.51

Table 4: Source data for the figure Susceptibility profile of C. lusitaniae to micafungin

Micafungin reached MICs, for biofilm at the concentration 16 mg/L.

For planktonic cells the MICs, was less than 0.060 mg/L.
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7.1.2 C. krusei susceptibility profile
ANIDULAFUNGIN (C.krusei)
125

100

75 —l[

50 HpL
B BF

FDI[%]

S b QO L L &
¥ &S
O O O N o

concentration of anidulafungin [mg/L]

Figure 18: Susceptibility profile of C. krusei to anidulafungin PL (planktonic cells), BF

(biofilm), FD (fungal damage), red column marks MICs,

Average FD for C. krusei Standard deviation
Concentration of a.nldulafungln PL [%] BF [%] PL [%] BF [%]
[mg/L]:

0.007 -12.18 1.47 4.45 3.68
0.015 4.21 12.66 3.69 3.45
0.030 18.12 18.87 7.87 3.09
0.060 37.29 32.67 8.24 4.88
0.125 77.61 50.34 6.60 5.18
0.250 97.13 69.12 1.62 3.90
0.500 98.26 63.78 0.59 4.10
1.000 98.57 55.90 0.41 3.68
2.000 97.89 61.98 1.02 3.52
4.000 99.01 67.39 0.68 3.44
8.000 96.56 68.20 1.01 3.28
16.000 99.37 69.97 0.44 3.79
32.000 98.76 69.30 0.60 4.1
64.000 99.07 69.35 0.53 4.06
128.000 99.24 67.76 0.30 4.19
256.000 99.68 60.58 0.15 5.55

Table 5: Source data for the figure C. krusei susceptibility profile to anidulafungin

Anidulafungin reached MICs, for biofilm at the concentration 0.125 mg/L.

For planktonic cells MICs, was also 0.125 mg/L.
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CASPOFUNGIN (C.krusei)
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Figure 19: Susceptibility profile of C. krusei to caspofungin PL (planctonic cells), BF
(biofilm), FD (fungal damage), red column marks MICs,

Average FD for C. krusei Standard deviation
Concentration of (?aspofungm PL [%] BF [%] PL [%] BF [%]
[mg/L]:

0.030 9.25 5.70 2.46 3.07
0.060 22.22 17.31 2.54 294
0.125 29.40 17.24 6.28 4.06
0.250 34.33 17.69 8.60 4.46
0.500 32.16 46.00 10.36 7.17
1.000 97.57 59.58 1.10 6.22
2.000 99.25 64.40 0.34 4.99
4.000 99.75 68.48 0.18 3.92
8.000 97.15 68.14 0.59 4.23
16.000 99.92 81.32 0.07 2.56
32.000 99.59 88.37 0.16 1.27
64.000 99.98 94.88 0.01 0.86
128.000 99.99 98.81 0.01 0.38
256.000 99.98 99.47 0.02 0.20

Table 6: Source data for the figure Susceptibility profile of C. krusei to caspofungin

Caspofungin reached MICs, for biofilm at 1 mg/L. For planktonic cells

MICso was at the concentration 1 mg/L.
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MICAFUNGIN (C.krusei)
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Figure 20: Susceptibility profile of C. krusei to micafungin PL (planctonic cells), BF (biofilm),
FD (fungal damage), red column marks MICso

Average FD for C. lusitaniae Standard deviation

Concentration of micafungin [mg/L]:| PL [%] BF [%] PL [%] BF [%]
0.060 72.60 39.73 8.88 6.09
0.125 97.29 51.99 0.46 5.20
0.250 97.97 61.66 1.47 5.65
0.500 98.97 59.12 0.42 6.26
1.000 99.27 50.60 0.19 6.92
2.000 99.39 62.40 0.39 4.38
4.000 99.78 62.32 0.19 4.53
8.000 97.55 60.19 0.56 4.92
16.000 99.95 71.86 0.04 3.31
32.000 99.65 72.80 0.20 3.37
64.000 99.74 73.75 0.17 3.01
128.000 99.99 73.42 0.01 3.01
256.000 100.00 69.94 0.00 4.08

Table 7: Source data for the figure Susceptibility profile of C. krusei to micafungin

Micafungin reached MICs, for biofilm at the concentration 0.125 mg/L.

For planktonic cells the MICs, was less than 0.060 mg/L.
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7.1.3 C. guilliermondii susceptibility profile
ANIDULAFUNGIN (C.guiliermondii)
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Figure 21: Susceptibility profile of C. guilliermondii to anidulafungin PL (planktonic cells),

BF (biofilm), FD (fungal damage), red column marks MICs,

Average FD for C. guilliermondii Standard deviation
Concentration of a.nidulafungin PL [%] BF [%] PL [%] BF [%]
[mg/L]:
0.007 4.15 6.61 1.77 0.32
0.015 8.76 13.82 6.09 4.81
0.030 16.94 15.28 2.55 2.07
0.060 23.46 26.10 3.76 3.06
0.125 16.86 26.57 5.32 5.93
0.250 11.41 20.27 5.42 5.36
0.500 14.50 18.83 6.69 297
1.000 96.13 8.95 1.17 0.29
2.000 99.78 45.38 0.08 14.96
4.000 100.00 55.09 0.00 12.76
8.000 97.84 64.45 0.45 7.79
16.000 100.00 70.64 0.00 6.14
32.000 99.99 78.11 0.01 4.51
64.000 100.00 76.04 0.00 5.77
128.000 99.99 70.81 0.01 5.05
256.000 99.88 80.28 0.07 5.52

Table 8: Source data for the figure C. guilliermondii susceptibility profile to anidulafungin

Anidulafungin reached MICs, for biofilm at the concentration 4 mg/L.

For planktonic cells MICso was found at the concentration 1 mg/L.
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Figure 22: Susceptibility profile of C. guilliermondii to anidulafungin PL (planktonic cells),

BF (biofilm), FD (fungal damage), red column marks MICs

Average FD for C. guilliermondii

Concentration of caspofungin

Standard deviation

[mg/L]: PL [%] BF [%]
0.030 13.31 18.29
0.060 23.92 26.44
0.125 19.48 24.35
0.250 19.42 21.83
0.500 10.50 25.03
1.000 66.56 23.00
2.000 93.36 39.18
4.000 94.88 44.86
8.000 90.22 45.43
16.000 87.90 44.26
32.000 92.46 50.48
64.000 97.37 67.34
128.000 100.00 97.13
256.000 100.00 99.43

PL [%] BF [%]
5.94 5.04
6.10 0.33
2.62 1.78
4.28 3.79
6.05 6.41
8.38 16.26
3.43 20.74
2.59 17.00
4.13 17.68
10.57 14.87
5.14 18.59
1.93 10.48
0.00 1.43
0.00 0.45

Table 9: Source data for the figure C. guilliermondii susceptibility profile to caspofungin

Caspofungin reached MICs, for biofilm at 32 mg/L. For planktonic cells

MICso was at the concentration 1 mg/L.
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MICAFUNGIN (C.guilliermondii)

125
100 —
75

50
OpL

|
O LI

concentration of micafungin [mg/L]

FD [%]

Figure 23: Susceptibility profile of C. guilliermondii to micafungin PL (planktonic cells), BF

(biofilm), FD (fungal damage), red column marks MICso

Average FD for C. guilliermondii Standard deviation
Concentration of micafungin [mg/L]: PL [%] BF [%] PL [%] BF [%]
0.060 15.86 25.35 1.69 5.21
0.125 93.82 28.33 1.09 23.72
0.250 98.07 32.11 0.51 25.51
0.500 96.50 35.07 0.87 23.26
1.000 95.72 4427 1.64 21.83
2.000 96.80 50.49 1.89 14.49
4.000 97.68 51.13 2.07 11.36
8.000 92.59 55.53 3.15 10.43
16.000 98.97 70.54 1.03 8.53
32.000 98.01 68.41 0.80 9.16
64.000 99.64 62.12 0.20 12.23
128.000 98.74 65.06 0.60 12.02
256.000 99.66 54.95 0.14 15.75

Table 10: Source data for the figure C. guilliermondii susceptibility profile to micafungin

Micafungin reached MICs, for biofilm at the concentration 2 mg/L.

For planktonic cells MICs, was 0.125 mg/L.
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7.2 Comparison of susceptibility profiles of Candida
species to anidulafungin, caspofungin and micafungin
In charts are compared susceptibility profiles of Candida species to
tested echinocandins [Figure 24, 25 and 26]. Lines in charts are representing

fungal damage depending on the drug concentration and illustrating

susceptibility profiles of C. lusitaniae, C. krusei and C. guilliermondii biofilms.

Susceptibility of Candida species to anidulafungin

100
75
o\';' 50 = C. lusitaniae
A =C. krusei
L — C. guiliermondii
25
0

0,007 0,030 0,125 0,500 2,000 8,000 32,000 128,000
0,015 0,060 0,250 1,000 4,000 16,000 64,000 256,000

concentration of anidulafungin [mg/L]

Figure 24: Anidulafungin - comparison of antifungal activity against C. species BF
FD(fungal damage)

Susceptibility profile of Candida species to caspofungin

100
75
o\? 50 = C. lusitaniae
A =—C. krusei
L — C. guiliermondii
25
0

0,030 0,125 0,500 2,000 8,000 32,000 128,000
0,060 0,250 1,000 4,000 16,000 64,000 256,000

concentration of caspofungin [mg/L]

Figure 25: Caspofungin - comparison of antifungal activity against C. species BF
FD(fungal damage)
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Susceptibility profile of Candida species to micafungin

100
75 —
g 50 —C. Iusitar.ﬂae
a C. krusei
= = C. guilliermondii
25
0
0,125 0,500 2,000 8,000 32,000 128,000
0,060 0,250 1,000 4,000 16,000 64,000 256,000

concentration of micafungin [mg/L]

Figure 26: Micafungin - comparison of antifungal activity against C. species BF
FD(fungal damage)

7.3 Comparison of MIC;, of Candida species

In the table are compared MICso values for biofilm (BF) and planktonic
cells (PL). For every comparison is calculated the statistical significance
with non-parametric Mann-Whitney Test (it was used PC programme InStat 3,
GraphPad Software). The result of the comparison of two data rows with the

test was considered as significant when the P value was less than 0.05.

C. krusei vs C. lusitaniae MIC [mg/L]

AND CAS MFG
PL/PL BF / BF PL/PL BF / BF PL/PL BF / BF
0.125/0.125 0125/ >256 1" 132 <0.060 /<0.060 0.125/16
(P=0.0310) (P=0.0011) (P=0.2042) (P=< 0.0001) (P=0.6431) (P=< 0.0001)

C. guilliermondii vs C. lusitaniae MIC [mg/L

AND CAS MFG
PL/PL BF / BF PL/PL BF / BF PL/PL BF / BF
1/0.125 415256 1 30/32 0.125 /<0.060 216
(P=0.0029) (P=0.3643) (P=0.4567) (P=0.8122) (P=0.3666) (P=0.0676)

C. guilliermondii vs C.krusei MIC [mg/L]

AND | CAS | MFG
PL/PL BF / BF PL/PL BF / BF PL/PL BF / BF
10.125 410125 171 3201 0.125 /<0.060 20125
(P=0.0475) (P=0.0021) (P=0.9551) (P=0.0503) (P=0.4649) (P=0.0935)

Table 11: Comparison of MICs, values The P value is determinating the statistical significance,
PL (planktonic cells), BF (biofilm), AND (anidulafungin), CAS (caspofungin), MFG (micafungin)
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8 Conclusion and discussion

We tested the susceptibility of three non-albicans Candida species —
C. krusei, C. lusitaniae and C. guilliermondii as biofiim (BF) and as planktonic
cells (PL) to anidulafungin (AND), caspofungin (CAS) and micafungin (MFG).

We observed the differences in resistance between species and between
strains of single species. There was a large difference between
the susceptibility profile of the PL and BF of all strains. BF was more resistant.
This reduction of susceptibility in BF is probably caused by specific mechanisms
as restricted or decreased penetration of drug into the BF, changes
in phenotype as a result of low growth rate and nutrition limitation and surface
induced expression of genes increasing resistance and other mechanisms

which are not revealed yet.

From tested echinocandins the most efficient was proved to be
micafungin. It had 50 % fungal damage for all three species at lowest
concentration. Most susceptible to MFG was C. krusei (MICso = 0.125 mg/L),
then C. guilliermondii (MICso = 2 mg/L) and C. lusitaniae BF (MICso = 16 mg/L).
Another tested echinocandin anidulafungin had the same MICs for C. krusei BF
like MFG. Nevertheless the MICso for C. guilliermondii and C. lusitaniae BF were
higher than those for MFG (4 mg/L and >256 mg/L). Caspofungin had
the lowest antimycotic activity against C. krusei and C. guilliermondii BF from
all echinocandins ( MICs, were 1 mg/L and 32 mg/L) and medium activity
against C. lusitaniae BF (MICso= 32 mg/L). From this comparison follows that

the most resistant was C. lusitaniae and the most susceptible was C. krusei.

According to recent sources as susceptible to echinocandins are
concidered C. krusei isolates with MICs, lower than 0.25 mg/L and as moderate
susceptible with MICs, lower than 0.5 mg/L (Pfaler et al., 2011). This value
seems to be more accurate than CLSI clinical breakpoint (CBS) 2 mg/L
from 2008 for all three echinocandins (CLSI, 2008). Based on the new
statement BFs of C. krusei isolates from our experiment were resistant to CAS.
Our experiment has detected low occurrence of resistant C. krusei BF which
factually equates to the results of a study published for PL where only singular

resistance to CAS was observed (Pfaller et al., 2011). In most of the studies
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it was proved that the connection between the presence of Fks1, Fks2 and Fks3
genes encoded mutations and resistance to echinocandins (Pfaler et al., 2011b;
Imtiaz et al., 2012). When MICs, = 1 mg/L the FKS mutation occurs and isolates
are almost always clinically resistant (Pfaller et al., 2011). C. guilliermondii CBS
are 2 mg/L for susceptible strains and 4 mg/L for moderate susceptible strains
for echinocandins (Pfaller et al.,, 2011c; CLSI, 2008). C. guilliermondii BF
of tested strains seems to be quite resistant taking into consideration this CBS.

Especially CAS had a low antimycotic effect against this species.

C. lusitaniae were significantly the most resistant species (P<0.05).
Taking into account the CBS 2 mg/L which seems to be more of less accurate
C. lusitaniae BF was resistant to all three echinocandins (Pfaller, 2011c; CLSI,
2008).

Increased resistance of C. guilliermondii and C. lusitaniae compared
to other Candida species was described in previous studies (Pfaller, 2011c).
BF of all three tested species were also more resistant to echinocandins than
C. albicans BF except C. krusei which was less resistant to anidulafungin.
Our results were compared to data from a previous experiment of the laboratory
when MICs for AND was 0.08 mg/L, for CAS 1.08 mg/L and for MFG 1.79 mg/L
(Simitsopoulou, 2011). There is a possibility that higher resistance of non-

albicans species can be the reason for their increasing incidence the last years.

Discussed can be also the probability of achievement of sufficient levels
of drugs in the blood of patients when administered in usual doses for treatment
of candidaemia. The maximal concentration in blood can be proximetly 8 mg/L
for CAS and 8.6 mg/L for AND after the loading and maintenance dose (Eraxis
Pl, 2010; Cancidas PI, 2001). This concentration is lower than the MICs we
found for C. lusitaniae BF and some C. guilliermondii BF, which can cause
problems in the treatment of patients suffering for infections caused by BF
of these two species. Since the concentration of MFG can reach 10.9 mg/L
in blood after the usual dose, it seems to be a good option for treatment of

the non-albicans species BF associated candidaemia (Mycamine PI, 2011).

To summarize conclusions of our experiment we can say that Candida
BF were more resistant than PL. PL had more similar MICs, than BF which had

differences across tested species. Most resistant to echinocandins seems to be
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C. lusitaniae BF. C. krusei appeared more susceptible to echinocandins than
both C. lusitaniae and C. guilliermondii. Nevertheless echinocandins and
especially micafungin seem to be active against non-albicans Candida BF

in vitro.
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9 List of abbreviations

FD fungal damage

BF biofilm

PL planktonic cells

BSI blood stream infection

MFG micafungin

CAS caspofungin

AND anidulafungin

EPS extracellular polymeric substance
FDA U.S. Food and Drug Administration
EMEA European Medicine Agency

XTT 2,3 - bis[2 - methoxy - 4 - nitro - 5 - sulfophenyl] 2H - tetrazolium -

5- carboxanilide

YNB Yeast nitrogen base with amino acids solution
SA+ Sabouraud agar with antibiotics

PBS Phosphate buffered saline solution

CBS clinical breakpoint
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Appendix

Protocol

We had one week schedule for our project. From 4 to 6 samples were

made each week.

Protocol for C. lusitaniae and C. guilliermondii
DAY 0

* Preparation of SA+ with microorganisms from the stock
o take one clinical isolate from the freezer (-35 °C)
o put on a SA+ plate and streak cells using the loop to get single
colonies
o incubate for 48 hours at 37 °C
DAY 1
» Biofilm preparation |
o add 20 mL YNB + 2 % glucose in 100 mL sterile tissue flask and
a loopful of Candida from SA+ plate

o letit grow for 24 hours, 37 °C, using a rocker (at speed 8)
DAY 2

» Biofilm preparation Il

o take out the sterile tissue flask and transfer into a tube

o separate harvest cells by centrifugation at 2000 rpm, 10 min

o do washing step — resuspend cells in 10 mL of PBS and wash once

o resuspend washed cells in 10 mL of RPMI solution

o vortex 20 min on maximal speed, make 1:1000 dilution, count cells
and adjust concentration 10° cell/mL using RPMI

o add to the 96-well microtiter plate 100 uL of 10° cell/mL to have a final
concentration 10° cell/mL in rows 1-11

o seals plates with parafilm and incubate for 48 hours, 37 °C, using a
rocker (at speed 8)

DAY 3

* Planktonic cell preparation

o add 20 mL YNB + 2 % glucose in 100 mL sterile flask and a loopful



DAY 4

DAY 5

o

of Candida (from saved SA+ plate from first day)

grow for 24 hours, 37 °C, using a rocker (at speed 8)

incubation with drugs

(¢]

BF

PL

plates with BF centrifuge for 20 min at 3000 rpm (800xg), 15°C
then aspirate supernatants and add 100 pL of RPMI and 100 uL
of drug (in pentaplicate)

1-10 cells+drug, 11 cells only (positive controls)

separate harvest PL grown in YNB by centrifugation at 2000 rpm
for 10 min

resuspend and wash cells in 10 mL of RPMI, pH 7.2

vortex 20 minutes on maximal speed, make 1:1000 dilution, count
cells and adjust concentration 2x 10° cell/mL using RPMI

add to the 96-well microtitre plate 100 uL of 2x10° cell/mL to have
a final concentration 2x10° cell/mL in rows 1-11

1-10 cells+drug, 11 cells only (positive controls)

incubate PL+BF plates with drugs at 37 °C for 24 hours, using the

rocker (at speed 8)

Evaluation of antifungal susceptibility

(¢]

@)

@)

@)

centrifuge all plates for 20 minutes, 3000 rpm (800xg)
aspirate medium and add 130 pL of XTT with CoQ
incubate BF and PL cells for 20-30 minutes at 37 °C

tranfer into new clean plates and read at 450 nm

by spectrophotometer

Protocol for C. krusei:

DAY 0

DAY 1

Preparation of SA+ plates with microorganisms from the stock

o Viz. Protocol for C. lusitaniae and C. guilliermondii



» Biofilm preparation |

o Viz. Protocol for C. lusitaniae and C. guilliermondii
DAY 2

» Biofilm preparation Il

o Viz. Protocol for C. lusitaniae and C. guilliermondii
DAY 3

» Biofilm plates incubation

o incubate BF plates at 37 °C, using a rocker (at speed 8)
DAY 4

» Planktonic cell preparation

o Viz. Protocol for C. lusitaniae and C. guilliermondii
» Change of RPMI on BF plates

o replace used RPMI with 100 yL of a fresh RPMI

o seals plates with parafilm and incubate at 37 °C, using a rocker (at
speed 8)
DAY 5

* Incubation with drugs

o Viz. Protocol for C. lusitaniae and C. guilliermondii
DAY 6

» Evaluation of antifungal susceptibility

o Viz. Protocol for C. lusitaniae and C. guilliermondii

Values of fungal damages of tested strains

Species itemized in this appendix are: C. lusitaniae, C. krusei and
C. guilliermondii. There are presented six tables with fungal damage values
(FD) for each species. Every first three tables are presenting values of FD after
24 hours incubation with anidulafungin, capofungin and micafungin for biofilm

plates. Every next three tables are presenting data for planktonic cells.

Fungal damage is in percents.



, Fungal damage of C. lusitaniae strains incubated with anidulafungin - biofilm
Concentration of

anidulafungin [mg/L] 1245 0640 5004 9949 2588 8850 7892 2885 2732 5278 141 2903 6936 03
0007 060 1285 361 519 747 197 541 38 1541 383 160 158 194 314
0015 3044 241 1754 1738 3256 1730 1745 1156 930 1651 14561 3006 970 3966
0030 187 3001 3287 2549 3256 1769 28.38 1670 1539 1676 3859 337 1339 6103
0060 18.09 01 3402 27783 46,00 2738 26.36 2468 2586 40.70 4440 3669 26.14 6267
0425 58.41 1mn 36.18 2952 57.26 033 3751 3080 2457 2580 1697 2490 3850 67.1
0250 56.11 4119 3951 2655 56,60 46,09 2695 17.74 2421 2380 54,61 B77 3993 68.43
0500 57.02 2848 34,94 2004 4788 28.17 2443 1024 2081 1563 1402 35.04 3296 5.1
1,000 41.74 2766 3164 766 2854 14.56 19.16 261 853 871 2,07 200 1639 10

2000 3850 1648 2184 795 2559 28 14.48 5.95 681 1270 4005 9.86 1367 4034
4,000 1983 3208 3045 262 5267 1003 35.04 1428 2381 2139 4035 3120 043 5548
8,000 55,67 16 4181 2826 5267 1745 523 270 3039 2059 1250 3918 3537 5949
16,000 6361 5362 4181 36.16 5,86 2970 1347 25.74 37.86 3988 53,74 3985 1386 68,61
32,000 67.08 55.05 1613 3812 59.75 2508 4798 3691 3118 2828 1386 254 4002 715
64,000 60.25 1673 1276 3173 5587 2451 4437 3.0 3032 3036 5117 4087 4116 64.71
128,000 60.13 4456 4009 2388 5139 1939 4036 3100 2953 2551 1301 3840 3248 5891
256,000 1837 33.9 1437 1228 4139 1126 333 7.3 935 20 4009 3744 2747 4599

Table : Fungal damage values of C. lusitaniae biofilm incubated with anidulafungin The fungal damage values are in percents



Concentration of Fungal damage of C. lusitaniae strains incubated with caspofungin - biofilm
caspofungin [mg/L] 4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243
0.030 1352 27.24 -190 1833 1733 6.76 3.80 1347 1.06 721 6.61 9.65 12,07 22.74
0.060 2039 23.88 -8.43 2228 11.78 8.18 9.24 1848 23.14 891 11.70 8.62 12.70 27.44
0.125 3022 5157 -3.53 24.13 117 13.74 13.65 2340 3361 10.74 8.71 6.52 18.88 2221
0.250 30.22 5157 -3.53 24.13 1.17 1374 13.65 2340 3361 10.74 8.71 6.52 18.88 2221
0.500 32.75 64.40 2463 2848 12.76 799 9.69 20.15 29.55 15.10 1054 540 14.74 1821
1.000 2747 99.64 99.84 1833 3240 -0.81 17.08 228 14.99 27.54 49.83 10.68 20.11 34.70
2.000 2690 100.00 99.82 2551 2761 9.23 1829 469 12.33 1792 42.16 1220 4.94 37.88
4,000 4599 100.00 100.00 3285 46.37 9.27 1834 15.96 16.13 26.23 36.79 13.86 26.94 43.25
8.000 33.87 98,51 100.00 3412 4234 399 14.95 1234 2238 20.75 2937 12,62 73.83 4483
16.000 2840 100.00 100.00 40.03 39.16 16.03 2291 2257 3245 2457 3258 12,62 30.78 5207
32,000 35.54 99.94 100.00 43,08 49.64 35.68 42,94 34.06 40.18 39.15 3476 38.12 85.12 53.14
64.000 42.89 100.00 100.00 84.17 74.99 3083 56.13 5187 52.66 90.90 60.56 95.61 90.97 67.06
128.000 81.96 100.00 100.00 97,61 97.08 98.94 67.69 85.81 7738 97.74 99.23 100.00 99.69 99.30
256.000 98.07 100.00 100.00 99.93 97.94 98.98 84.00 99.02 94.60 99.98 99.72 100.00 100.00 100.00

Table : Fungal damage values of C. lusitaniae biofilm incubated with caspofungin The fungal damage values are in percents




Concentration of micafungin

Fungal damage of C. lusitaniae strains incubated with micafungin —biofilm

[mg/L] 4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243
0.060 25.99 18.51 30.42 14.77 40.53 36.51 1240 20.18 21.45 23.51 36.61 4459 9.85 4453
0.125 39.62 2693 26.93 1311 43.27 3747 19.00 31.96 23.52 2345 3736 45,04 1491 45,01
0.250 26.73 32.89 27.44 16.89 51.32 4041 20.10 36.42 26.05 24.04 43.95 4535 51.22 29.10
0.500 21.96 16.50 24.17 16.18 44.80 32.67 26.13 26.46 40.40 15.22 39.73 35.57 50.86 4135
1.000 2,01 -13.34 14.68 15.89 23.28 21.94 12.22 16.58 11.40 6.10 23.36 21.68 56.73 4.27
2,000 16.61 5.72 18.44 11.95 28.60 15.37 6.65 587 6.19 11.09 38.57 17.37 87.10 36.57
4.000 33.76 35.82 29.46 20.838 49.69 38.74 27.93 10.94 10.79 798 45.94 37.48 89.00 4130
8.000 26.38 35.66 35.20 11.79 50.36 41.66 28.08 16.90 25.80 21.46 42.32 37.63 94.76 4357
16.000 35.74 3751 36.53 2190 57.01 47.70 311 3501 2535 24.69 49.711 4113 92.22 44.28
32.000 32.40 36.38 35.64 26.54 57.26 46.29 4192 44.79 30.97 25.09 47.67 3845 81.32 4191
64.000 41.60 36.13 32.14 35.04 55.31 39.73 33.76 4536 25.59 23,61 49.41 36.49 82.66 21.06
128.000 29.36 30.37 31.28 3249 53.13 27.90 25.58 37.38 26.99 16.32 4421 26.43 84.31 4333
256.000 24.12 -0.64 16.52 30.25 43.07 21.78 30.11 30.64 1237 11.96 314 17.01 89.41 5.65

Table : Fungal damage values of C.lusitaniea biofilm incubated with micafungin The fungal damamges are in percents



Concentration of Fungal damage of C. lusitaniae strains incubated with anidulafungin - planktonic cells

anidulafungin [mg/L] 4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 41 2923 6936 4243
0.007 2.65 -18.84 1.68 321 1241 121 -5.41 0.61 -039 -0.87 291 437 2.14 0.97

0.015 9.90 0.71 16.22 6.25 -1.96 1339 17.45 421 7.02 1420 18.12 -1231 1171 -1.90

0.030 23.49 1546 26.74 15.05 579 2246 28.38 191 1148 2091 20.95 58.61 1481 -2.10

0.060 4464 36.35 83.18 3842 48.56 37.81 26.36 17.70 2417 39.42 53.20 54.48 39.89 53.11

0.125 87.35 9237 90.57 93.51 96.37 61.08 3751 7127 96.37 98.16 81.96 91.69 75.48 96.39

0.250 100.00 99.61 89.49 100.00 98.66 99.82 26.95 98.91 98.83 99.84 99.94 90.48 98.09 98.85

0.500 100.00 98.76 100.00 100.00 99.18 99.76 2443 9941 98.03 99.43 98.16 94.86 97.82 98.12

1.000 100.00 95.59 99.91 100.00 98.64 99.22 19.16 99.56 98.68 99.02 98.48 94.65 98.17 97.73

2.000 100.00 100.00 100.00 100.00 99.61 99.92 1448 100.00 98.75 100.00 99.97 97.16 97.79 98.48

4,000 100.00 100.00 100.00 100.00 99.90 100.00 35.04 100.00 99.45 100.00 100.00 97.63 98.02 99.43

8.000 100.00 99.13 100.00 100.00 99.05 99.48 5232 98.25 98.15 97.90 98.51 92.06 97.51 98.32
16.000 100.00 100.00 100.00 100.00 100.00 100.00 4347 100.00 99.56 100.00 100.00 97.23 98.32 99.51
32,000 100.00 99.83 100.00 100.00 99.38 100.00 4798 100.00 98.70 100.00 99.90 97.09 97.56 98.66
64.000 100.00 100.00 100.00 100.00 99.92 100.00 4437 100.00 99.44 100.00 100.00 97.81 97.81 99.58
128.000 100.00 100.00 100.00 100.00 99.75 100.00 40.36 100.00 99.34 100.00 100.00 98.17 97.91 99.18
256.000 100.00 100.00 100.00 100.00 99.36 100.00 33.33 99.93 99.48 100.00 100.00 97.70 98.57 99.15

Table : Fungal damage values of C. lusitaniae planktonic cells incubated with anidulafungin The fungal damage values are in percents



Concentration of Fungal damage of C. lusitaniae strains incubated with caspofungin —planktonic cells
caspofungin [mg/L] 4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243
0.030 45.65 27.24 -71.90 3.60 17.74 14.52 429 29.80 571 6.04 31.19 6.46 17.59 10.90
0.060 57.90 23.88 -843 4.70 21.78 23.58 16.06 7543 1141 14.05 27.99 7.23 12.08 1337
0.125 71.20 51.57 -3.53 0.77 22.92 19.88 15.84 75.70 12.27 8.13 22.16 8.96 21.07 16.39
0.250 71.20 5157 -3.53 0.77 22.92 19.35 15.84 75.70 12.27 7.10 22.16 8.96 21.07 16.39
0.500 8247 64.40 24.63 -2.99 21.10 5.70 13.85 9841 15.29 36.52 26.81 9.38 33.08 20.54
1.000 99.71 99.64 99.84 100.00 97.04 57.53 96.66 98.39 96.82 98.45 27.69 19.76 98.54 32.20
2.000 99.76 100.00 99.82 100.00 99.86 100.00 97.87 99.41 97.83 99.63 100.00 95.81 98.92 100.00
4.000 100.00 100.00 100.00 100.00 99.87 100.00 94.64 99.77 97.69 99.85 100.00 95.98 99.62 100.00
8.000 91.50 98.51 100.00 98.05 99.22 98.81 80.86 9761 93.83 95.14 99.89 97.73 98.24 98.36
16.000 77.85 100.00 100.00 98.49 97.43 99.44 99.10 99.21 81.54 98.42 100.00 99.97 99.73 98.08
32.000 99.92 99.94 100.00 99.98 98.77 90.25 98.22 98.88 98.33 98.30 99.89 98.97 98.96 98.23
64.000 100.00 100.00 100.00 100.00 99.97 100.00 98.72 99.97 99.17 99.24 100.00 99.85 99.73 100.00
128.000 100.00 100.00 100.00 100.00 99.81 99.90 99.02 99.93 99.10 100.00 100.00 99.64 99.66 100.00
256.000 100.00 100.00 100.00 100.00 100.00 100.00 99.37 99.99 99.70 99.63 100.00 99.83 99.87 100.00

Table: Fungal damage values of C. lusitaniae planktonic cells incubated with caspofungin The fungal damage values are in percents



Concentration of micafungin Fungal damage of C. lusitaniae strains incubated with micafungin —planktonic cells

[mg/L] 4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243
0.060 92.15 59.71 99.49 43.90 97.55 82.83 29.28 1747 9237 93.12 97.39 48.29 99.91 99.67
0.125 99.75 80.08 97.67 56.02 98.40 74.00 4198 18.61 96.66 97.98 99.47 85.52 99.51 98.64
0.250 100.00 99.74 99.62 83.93 99.58 82.64 71.88 29.04 98.35 99.02 100.00 99.40 100.00 99.73
0.500 100.00 99.54 99.46 99.81 99.44 82.34 86.02 95.89 98.19 100.00 100.00 99.16 99.97 99.64
1.000 99.84 99.17 97.07 100.00 99.03 82.74 89.21 99.62 97.69 99.75 100.00 98.90 99.90 98.89
2,000 100.00 100.00 100.00 100.00 99.92 86.95 98.85 99.47 99.08 100.00 100.00 97.82 99.95 9991
4.000 100.00 100.00 100.00 100.00 100.00 87.15 98.59 100.00 99.70 100.00 100.00 99.19 100.00 100.00
8.000 99.67 100.00 100.00 99.81 99.53 81.66 97.76 99.51 98.05 99.90 99.94 97.18 99.60 98.51
16.000 100.00 100.00 100.00 100.00 100.00 85.97 99.23 99.96 99.61 100.00 100.00 99.35 100.00 100.00
32.000 100.00 100.00 99.79 100.00 99.95 79.11 98.60 99.27 98.99 99.85 100.00 98.87 100.00 99.73
64.000 100.00 100.00 100.00 100.00 100.00 83.32 99.01 99.86 99.26 100.00 100.00 99.83 100.00 100.00

128.000 100.00 100.00 100.00 100.00 100.00 83.03 98.75 99.89 98.96 100.00 100.00 99.55 100.00 100.00

256.000 100.00 100.00 100.00 100.00 100.00 84.70 98.81 99.92 98.68 100.00 100.00 99.85 100.00 100.00

Table : Fungal damage values of C. lusitaniae planktonic cells incubated with micafungin The fungal damage values are in percents



Concentration of

Fungal damage of C.krusei strains incubated with anidulafungin - biofilm

anidulafungin [mg/L] 6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708
0.007 -12.08 1.10 -8.99 746 1.66 9.72 -3.97 -15.24 -21.07 -14.20 2793 0.23 0.74
0,015 -112 7.99 287 8.53 12.16 14.55 18.68 7.10 -2.76 -1.72 4430 11.69 9.14
0.030 -1.93 25,69 15.69 17.09 1448 12.86 24.66 033 7.05 19.67 42.98 1372 19.65
0.060 -8.33 26.73 3282 21.10 20.74 29.75 6291 19.53 3533 4243 80.19 32.22 3040
0.125 18.29 32.86 5245 48.56 3447 52.54 6532 3553 8731 74.83 85.07 63.45 28.13
0.250 49.53 52.60 5473 5742 82.36 65.24 95.05 84.53 9237 82.62 64.40 82.50 4594
0.500 48.71 40.70 5479 50.38 82.26 54,67 9250 79.27 82,50 74.05 69.28 74.90 34.18
1.000 38.63 49.70 48.38 39.39 82.11 50.26 7931 71.25 7535 67.65 49.90 53.98 39.90
2,000 34.88 61.01 53,67 57.99 86.50 7127 69.71 7182 80.31 72.95 4947 68.61 42.14
4.000 4582 63.50 5378 54.76 89.61 70.74 8049 70.55 88.17 73.04 77.60 73.50 47.13
8.000 5231 60.94 6191 4791 88.25 7330 85.29 75.06 8347 7598 66.26 7539 48.03
16.000 5793 60.77 5793 40.12 89.69 7137 87.30 82.04 83.13 89.93 5320 7545 57.36
32.000 37.07 66.30 5053 38.92 89.17 7427 87.99 80.66 8147 85.74 64.40 81,63 62.41
64.000 37.12 62.81 55.59 38.85 89.97 7246 88.68 79.58 80.60 84.76 70.14 78.65 58.87

128.000 43.50 50.52 47.93 38.85 90.51 7021 85.54 86.84 8332 7538 65.55 80.20 5172
256.000 46.11 62.60 5431 27.23 7891 67.35 84.74 77.66 71.60 68.59 -3.08 68.54 55.15

Table : Fungal damage values of C. krusei biofilm incubated with anidulafungin The fungal damage values are in percents



Concentration of

Fungal damage of C. krusei strains incubated with caspofungin - biofilm

caspofungin [mg/L] 6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708
0.030 3.69 691 -2.71 4.04 474 523 1351 4.76 19.87 -3.12 -30.07 -0.05 1872
0.060 11.82 21.88 5131 15.51 10.08 16.65 20.04 1371 22.15 6.15 -3.71 9.04 26.24
0.125 3.63 1429 61.48 -4.23 26.94 13.84 17.10 1793 20.69 -6.96 2330 136 35.77
0.250 46.01 13.04 36.83 0.09 833 6.22 17.10 1793 5246 8.56 -19.31 9.26 35.77
0.500 46.18 55.89 73.72 140 3748 88.36 11.07 2438 81.60 56.29 88.73 72.84 33.79
1.000 1571 61.64 47.85 3044 85.35 8843 7174 92.04 85.46 61.96 85.84 7032 2236
2.000 5897 70.96 62.36 66.13 92.11 84.34 76.22 79.27 70.62 76.90 6.04 76.04 44.98
4,000 59.89 7237 31.72 60.35 93.78 87.23 71.12 84.53 72.14 80.71 5132 83.64 52.80
8.000 49.47 64.22 32.58 44.15 93.03 79.61 78.85 79.60 7746 78.22 87.58 80.71 58.24
16.000 84.02 8048 63.63 75.69 94.72 94.00 85.16 88.75 85.22 80.79 100.00 73.07 75.11
32.000 85.15 89.84 81.72 88.42 92.87 94.09 85.28 90.13 90.13 81.65 100.00 79.83 8931
64.000 94.28 93.99 88.42 94.81 90.37 99.47 96.56 96.58 94.98 89.05 100.00 91.65 97.75

128.000 99.14 100.00 98.51 99.96 97.29 100.00 99.44 99.74 99.77 94.57 100.00 99.74 98.70
256.000 99.89 100.00 99.21 99.38 99.48 100.00 99.84 100.00 100.00 100.00 100.00 99.89 97.26

Table : Fungal damage values of C. krusei biofilm incubated with caspofungin The fungal damage values are in percents




Concentration of micafungin

Fungal damage of C. krusei strains incubated with micafungin - biofilm

[mg/L] 6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708
0.060 45.85 35.01 3532 12.16 65.51 3829 3129 4032 3187 81.72 65.22 81.92 16.74
0.125 58.00 58.18 38.74 3173 7781 61.09 5133 5844 5744 84.27 67.24 79.93 16.86
0.250 51.88 59.46 4149 5238 89.25 54.36 69.05 83.24 74.95 8341 98.75 8042 2138
0.500 36.67 69.37 52.84 29.43 90.52 33.80 73.75 83.62 80.04 85.30 7807 91.02 3116
1.000 -6.73 58.12 45.70 2952 90.38 2541 77.26 66.20 73.80 7041 90.60 57.29 1835
2.000 46.23 70.34 65.80 60.18 92.86 70.16 7621 79.96 74.25 76.00 2383 67.83 40.62
4.000 46.95 54.87 62.10 62.20 96.36 67.19 79.34 82.85 71.98 79.80 21.63 68.14 44.88
8.000 4791 59.96 56.13 5873 92.51 53.05 7517 74.28 76.18 85.88 8.14 64.09 47.03
16.000 59.03 69.47 6742 58.76 95.81 65.42 76.67 84.33 8111 88.50 91.74 73.00 54.20
32.000 64.25 63.23 67.01 5551 94.65 64.48 87.56 85.15 81.89 88.64 95.04 61.66 60.25
64.000 60.25 6133 64.53 69.25 98.72 63.80 7331 89.24 82.89 87.50 88.99 67.00 64.48

128.000 62.53 64.14 67.85 68.96 98.03 61.82 62.73 90.01 88.03 7181 92.60 66.61 6751

256.000 4439 66.12 5937 6543 94.05 39.33 1947 87.88 89.86 76.67 92.84 59.98 67.86

Table : Fungal damage values of C. krusei biofilm incubated with micafungin The fungal damage values are in percents



Concentration of Fungal damage of C. krusei strains incubated with anidulafungin - planktonic cells

anidulafungin [mg/L] 6865 12414 9346 9908 7294-2 7824 9200 10226 8657 6892 11154 12841 11708

0.007 -11.59 -1.14 -24.13 3.94 -19.48 -9.07 -837 -6.16 -19.58 -55.60 -2.05 -40.06 3.87

0.015 9.83 2047 227 -1151 6.87 3.82 159 10.19 254 -26.20 22.06 -20.69 18.85

0.030 1159 30.95 -0.40 82.20 0.05 98.30 -591 1132 12.26 -18.07 9.90 -13.54 -0.52

0.060 44,05 98.55 30.00 99.39 15.59 100.00 35.46 35.85 531 5.76 14.24 330 31.97

0.125 71.82 98.22 99.07 99.67 7332 99.14 59.58 74.24 4,04 88.75 50.67 60.51 97.07

0.250 100.00 99.73 100.00 100.00 92.28 99.95 98.24 98.37 93.36 100.00 100.00 99.83 99.44

0.500 100.00 99.52 100.00 100.00 93.29 100.00 9441 97.69 93.54 99.33 100.00 98.75 98.09

1.000 99.95 99.14 100.00 100.00 95.85 98.29 94.99 97.95 97.98 100.00 100.00 98.41 98.87
2.000 100.00 99.64 100.00 87.69 95.08 100.00 99.20 99.21 88.34 100.00 100.00 99.70 100.00
4,000 100.00 100.00 100.00 100.00 93.51 100.00 100.00 99.95 90.73 100.00 100.00 100.00 100.00

8.000 98.59 98.36 100.00 98.00 88.19 99.24 96.43 96.16 85.83 98.90 100.00 98.02 96.09
16.000 100.00 100.00 100.00 100.00 97.18 100.00 100.00 100.00 93.24 99.51 100.00 100.00 100.00
32.000 100.00 99.70 100.00 100.00 91.54 100.00 98.83 98.26 94.20 99.76 100.00 99.66 100.00
64.000 100.00 99.79 100.00 100.00 92.87 100.00 97.50 99.89 95.10 100.00 100.00 100.00 100.00
128.000 100.00 98.19 100.00 100.00 95.96 100.00 97.92 99.11 97.55 100.00 100.00 99.57 100.00
256.000 100.00 99.85 100.00 100.00 98.51 100.00 98.08 99.53 99.28 100.00 100.00 99.70 100.00

Table : Fungal damage values of C. krusei planktonic cells incubated with anidulafungin The fungal damage values are in percents



Concentration of Fungal damage of C. krusei strains incubated with caspofungin — planktonic cells

caspofungin [mg/L] 6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708
0.030 21.86 16.30 221 6.13 -1.52 1414 392 421 10.35 3241 16.29 593 1241

0.060 39.59 25.02 11.72 3593 6.95 26.58 23.62 16.86 2149 3051 2444 13.59 29.56

0.125 70.88 98.64 41.23 4171 5.40 2297 11.65 720 1491 26.46 20.68 17.39 13.30

0.250 99.44 99.90 76.23 84.84 5.40 18.84 11.65 7.20 11.84 17.46 19.54 17.70 13.30

0.500 99.86 99.48 99.74 99.96 191 5.82 2,02 153 16.39 -2.02 1251 13.00 5.85

1.000 100.00 99.74 99.28 100.00 97.66 99.37 94.77 99.54 85.40 100.00 100.00 99.91 88.47

2.000 100.00 99.58 99.74 99.68 95.64 100.00 99.92 100.00 96.21 100.00 100.00 99.88 98.54
4.000 100.00 100.00 100.00 100.00 97.37 100.00 100.00 100.00 98.69 100.00 100.00 100.00 100.00

8.000 98.26 98.97 97.26 100.00 91.42 97.70 95.93 98.47 93.37 99.33 99.65 99.94 96.84
16.000 100.00 100.00 100.00 100.00 99.83 100.00 100.00 100.00 98.87 100.00 100.00 100.00 100.00
32.000 100.00 98.87 100.00 100.00 99.14 100.00 100.00 99.85 97.84 100.00 100.00 99.60 98.66
64.000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.91 100.00 100.00 100.00 99.84
128.000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.92
256.000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table : Fungal damage values of C. krusei planktonic cells incubated with caspofungin The fungal damage values are in percents



Concentration of micafungin Fungal damage of C. krusei strains incubated with micafungin - planktonic cells
[mg/L] 6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708
0.060 100.00 100.00 100.00 100.00 -2.59 49.25 96.86 99.53 99.40 100.00 100.00 100.00 31.28
0.125 99.27 99.13 97.23 98.66 94.20 96.83 94.69 95.45 99.60 98.30 99.13 99.17 97.18
0.250 100.00 100.00 99.86 100.00 96.79 100.00 99.26 99.42 99.96 100.00 100.00 100.00 76.20
0.500 100.00 100.00 99.29 99.68 98.22 99.93 97.94 98.68 99.95 99.79 93.17 100.00 99.96
1.000 99.92 99.93 99.15 99.90 97.53 100.00 99.43 98.44 100.00 99.62 100.00 99.76 99.29
2,000 100.00 100.00 100.00 100.00 98.86 100.00 93.77 98.52 99.60 99.83 100.00 100.00 100.00
4,000 100.00 100.00 100.00 100.00 100.00 100.00 96.92 100.00 100.00 99.79 100.00 100.00 100.00
8.000 100.00 98.32 98.58 99.81 96.00 96.97 92.06 97.39 99.68 98.86 99.59 97.68 99.34
16.000 100.00 100.00 100.00 100.00 100.00 100.00 99.31 100.00 100.00 100.00 100.00 100.00 100.00
32.000 100.00 100.00 100.00 100.00 99.06 100.00 96.97 98.68 100.00 99.86 100.00 100.00 100.00
64.000 100.00 100.00 100.00 100.00 100.00 100.00 98.06 100.00 100.00 100.00 100.00 100.00 98.06
128.000 100.00 100.00 100.00 100.00 99.95 100.00 99.83 100.00 100.00 100.00 100.00 100.00 100.00
256.000 100.00 100.00 100.00 100.00 99.95 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table : Fungal damage values of C. krusei planktonic cells incubated with micafungin The fungal damage values are in percents



Concentration of Fungal damage of C. guilliermondii strains incubated with anidulafungin —biofilm
anidulafungin [mg/L] 99 111 112
0.007 5.85 491 9.08
0.015 13.67 11.10 16.69
0.030 15.86 19.76 10.21
0.060 23.52 28.62 26.18
0.125 29.11 26.17 24.44
0.250 18.47 19.07 23.27
0.500 10.56 10.16 35.77
1.000 8.66 9.24 27.64
2.000 70.06 48.30 17.76
4.000 84.81 56.45 2401
8.000 84.65 71.71 37.00
16.000 86.09 79.12 46.72
32.000 88.78 84.99 60.55
64.000 89.32 80.02 58.79
128.000 87.13 83.29 42.02
256.000 83.20 83.71 73.95

Table : Fungal damage values of C. guilliermondii biofilm incubated with anidulafungin The fungal damage
values are in percents



Concentration of Fungal damage of C. guilliermondii strains incubated with caspofungin —biofilm
caspofungin [mg/L] 99 111 112
0.030 7.33 24.74 22.78
0.060 24.92 26.01 28.40
0.125 19.68 25,51 27.86
0.250 20.01 1191 33.57
0.500 22.78 15.23 27.29
1.000 34.14 15.59 30.40
2.000 47.71 21.59 30.65
4.000 57.29 28.44 3243
8.000 56.30 28.68 34.55
16.000 59.12 39.39 44.26
32.000 65.62 57.62 35.34
64.000 77.55 79.90 57.13
128.000 99.71 95.58 96.11
256.000 100.00 98.66 99.62

Table : Fungal damage values of C. guilliermondii biofilm incubated with caspofungin The fungal damage
values are in percents



Concentration of micafungin| Fungal damage of C. guilliermondii strains incubated with micafungin —biofilm
[mg/L] 99 111 112
0.060 41.76 24.58 26.12
0.125 40.54 11.31 33.13
0.250 49.88 10.27 36.20
0.500 54.52 14.87 35.83
1.000 54.12 17.02 61.69
2.000 53.74 46.33 5141
4.000 58.63 60.34 34.43
8.000 50.32 65.51 50.77
16.000 70.51 72.23 68.88
32.000 70.12 67.84 67.28
64.000 64.79 60.69 60.88
128.000 64.50 59.22 71.45
256.000 62.54 46.18 56.14

Table : Fungal damage values of C. guilliermondii biofilm incubated with micafungin The fungal damage values
are in percents



Concentration of Fungal damage of C. guilliermondii strains incubated with anidulafungin — planktonic cells
anidulafungin [mg/L] 99 111 112
0.007 5.94 0.61 591
0.015 19.19 8.99 -1.89
0.030 21.42 16.80 12.60
0.060 30.67 21.69 18.02
0.125 27.34 13.22 10.02
0.250 21.34 10.19 2.70
0.500 18.47 23.58 1.45
1.000 96.72 97.80 93.88
2.000 99.76 99.66 99.92
4.000 100.00 100.00 100.00
8.000 97.16 97.65 98.70
16.000 100.00 100.00 100.00
32.000 100.00 99.97 100.00
64.000 100.00 100.00 100.00
128.000 99.96 100.00 100.00
256.000 99.76 99.87 100.00

Table : Fungal damage values of C. guilliermondii planktonic cells incubated with anidulafungin The fungal damage values
are in percents



Concentration of Fungal damage of C. guilliermondii strains incubated with caspofungin — planktonic cells
caspofungin [mg/L] 99 111 112
0.030 22.78 2.36 14.80
0.060 3341 12.55 25.80
0.125 23.21 14.42 20.81
0.250 22.40 10.99 24.89
0.500 11.04 70.95 9.96
1.000 50.96 79.66 69.07
2.000 99.19 93.57 87.31
4.000 99.90 93.44 91.29
8.000 96.89 91.13 82.66
16.000 98.47 77.32 70.80
32.000 97.60 87.32 77.32
64.000 100.00 93.60 98.50
128.000 100.00 100.00 100.00
256.000 100.00 100.00 100.00

Table : Fungal damage values of C. guilliermondii planktonic cells incubated with caspofungin The fungal damage values
are in percents



Concentration of micafungin Fungal damage of C. guilliermondii strains incubated with micafungin — planktonic cells
[mg/L] 99 111 112
0.060 23.66 17.56 14.17
0.125 93.09 95.95 92.41
0.250 97.05 98.67 98.48
0.500 95.83 98.22 95.45
1.000 96.29 98.22 92.64
2.000 98.47 98.89 93.03
4.000 99.95 99.56 93.54
8.000 95.53 95.95 86.29
16.000 100.00 100.00 96.91
32.000 98.73 98.89 96.40
64.000 99.69 99.96 99.27
128.000 98.88 99.69 97.64
256.000 99.64 99.91 99.44

Table : Fungal damage values of C. guilliermondii planktonic cells incubated with micafungin The fungal damage values are
in percents
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