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Abstract
Charles University in Prague

Faculty of Pharmacy in Hradec Kralové

Department of Biological and Medical Sciences

Candidate: Pavla Pešková

Supervisor: Ing. Lucie Křivčíková

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  β-1,3-glucan  synthase. 

Disruption of its function leads to inhibition of β-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  (MIC50  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

Farmaceutická fakulta Univerzity Karlovy v Hradci Králové 

Katedra biologických a lékařských věd

Kandidátka: Pavla Pešková

Školitelka: Ing.  Lucie Křivčíková

Diplomová práce: Citlivost biofilmů non-albicans Candida spp. 

k vybraným echinokandinům

Kvasinky rodu  Candida jsou jedny z nejčastějších lidských houbových 

patogenů. Jimi zapříčiněné infekce jsou spojené s výskytem specifické formy 

růstu zvané biofilm (BF), která vykazuje zvýšenou rezistenci vůči antimykotické 

léčbě.  Jelikož systémové infekce způsobené non-albicans Candida druhy se 

v posledních letech vyskytují stále častěji, je potřeba se zaměřit na zkoumání 

jejich citlivosti k různým antimykotikům. 

Hlavním cílem naší práce bylo zjistit citlivost biofilmů (BF) non-albicans 

Candida druhů  k  vybraným echinokandinům.  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 

mají  jedinečný  funkční  mechanismus.  Inhibují  funkci  enzymu  β-1,3-glukan 

syntetázy.  Poškození  jeho  funkce  vede  ke  ztrátě  produkce  β-1,3-glukanu, 

narušení buněčné stěny a ztráty životaschopnosti houbové buňky. 

V experimentální části jsme jako růstové médium pro BF a planktonické 

buňky (PL) z rodu Candida použili YNB a RPMI 1640. PL i BF jsme inkubovali 

na  96-jamkových  polystyrenových  mikrotitračních  destičkách.  Antimykotická 

aktivita byla  vyhodnocena pomocí  2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]2H-

tetrazolium-5-carboxanilide  (XTT)  testu. Každá  koncentrace  léčiva  byla 

pro každý izolát hodnocena v pentaplikátu. 

Výsledky  ukázaly,  že  MFG  měl  nejvyšší  antimykotickou  aktivitu 

z testovaných  echinokandinů.  Nejcitlivější  byl  vůči  MFG BF  tvořený  druhem 

C. krusei (MIC50 0,125 mg/L), následoval druh C. guilliermondii (MIC50 2 mg/L) 

a nejvíce rezistentní byl C. lusitaniae BF (MIC50 16 mg/L). AND byl nejúčinnější 

proti  BF  C. krusei (MIC50  0,125 mg/L),  dále proti  BF  C. guilliermondii (MIC50 
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4 mg/L) a nejméně účinný vůči BF C. lusitaniae (MIC50 >256 mg/L). CAS jevil 

největší  účinnost  proti  BF  C. krusei (MIC50 1 mg/L),  dále  C. guilliermondii 

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

V závěru  našeho  experimentu  jsme  došli  k přesvědčení, 

že echinokandiny působí antimykoticky na biofilmy non-albicans Candida druhů 

in vitro. Biofilm vykazoval vyšší rezistenci než planktonické buňky.

Klíčová 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  a very  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  biofilms  produced  by non-albicans Candida species 

to echinocandins. 
13



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 β-1,3-

glucan synthase. This enzyme is essential for the synthesis of β-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].
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Figure 1: Diagrammatic representation of the yeast cell

Source: Hugo et al., 2004



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-

β-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 BSIs. Another frequent 

pathogen  was  C. parapsilosis  with  19 %.  In  general  the  profile  was 

55 % C. albicans and  both  C. parapsilosis  and C.  guilliermondii  comprised 

15 % of BSI 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 BSI 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). 

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

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 

http://wwwnc.cdc.gov/eid/article/7/2/70-0342-f2.htm


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, I  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

20

Figure 3: Biofilm development (Author: Pešková)



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 

23



methods  –  XTT assay and  other  colorimetric  methods or  [H3]  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  biofilms  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). 

In any  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  β-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 

or had  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  β-1,3-D-glucan  synthase  is 

responsible for synthesis of polysaccharid β-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 β-1,3-D-glucan, β-1,4-D-glucan and 

β-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 β-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: Pešková)



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  B0 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 B0 produced by Aspergillus nidulans. 

All  echinocandins  are  distributed  in  a  form  of  a  powder  for  infusion. 

Anidulafungin  and  caspofungin  are  provided  as  lyophylised  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  C58H73N7O17,  caspofungin-

acetate formula is C52H88N10O15 · 2 C2H4O2 and micafungin sodium formula is 

C56H70N9NaO23S.

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. 

31



32

Figure 6: Structure of caspofungin (Author: Pešková)

Figure 5: Structure of anidulafungin (Author: Pešková)



3.3 Mechanism of action of echinocandins

Mechanism  of  action  of  echinocandins  is  based  on  non-competitive 

and concentration-dependent  inhibition  of  enzyme  β-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 – β-glucan. It is a polymer of glucose and it can occur in three main 

forms: as β-1,3-D-glucan, β-1,6-D-glucan and β-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  β-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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Figure 7: Structure of micafungin (Author: Pešková)



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).

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 β-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-β-D-glucan synthase is encoded by similar genes as Fks1p and Fks2p 

34

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

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



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  cmax 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 PI, 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).

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



in RPMI  medium  the  paradoxical  effect  is  more  pronounced  than in  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  β-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 biofilm  (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.
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Figure 10: Schematic plan of the XTT assay for biofilm BF(biofilm), AND(anidulafungin), 

CAS(caspofungin), MFG(micafungin), (Author: Pešková)



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,  AWARENESS 

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 μL of Gentamicin Sulfate (Garamycin; MSD, UK)

300.00 μL 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  1 L.  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 μL of glycerol

750.00 μL 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 μL of peptone 

solution from the stock and mixed with 250 μL 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 Q0 (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 – 
3 strains

C. lusitaniae – 
14 strains

C. krusei – 
13 strains

99bl 4241 9908
111bl 5278 10226
112bl 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 μL 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 

filled  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 rpm  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 104 x DF           [1]

                             n........amount of cells on 4 squares of the Neubauer chamber

                             c..............................................................concentration cell/mL

                             DF = 103.................................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  106 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 =Vf x cf / ci     [2]

                                                                Vi................initial volume of suspension

                                                                Vf..................final volume of suspension

                                                                Vf = 28 ml

                                                                ci.......initial concentration of suspension

                                                                ci = c from equation [1] 

                                                                cf..........final concentration of suspensio

                                                                cf = 106 cell/mL
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We had to prepare this suspension in order to have a final concentration 

105 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 μL of cell suspension and 100 μL of drug solution. 

Once  the  suspension  had  been  prepared,  we  took  three  96-well 

microtiter  plates  (one  for  each  drug)  and  added 100 μL 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 106 cell/mL. We used this value 

in order to get concentration 2x105 cell/mL in each well of the microtiter plate 

filled with 100 μL of the suspension and 100 μL of drug solution.

When the suspension had been ready, we took three 96-well microtiter 

plates (one for each drug) and added 100 μL of the suspension into each well 

of columns from 1 to 11 of every plate with the multi-channel pipette .

46



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 μL of RPMI solution. Then we 

added 150 μL 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 μL 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 μL of solution from the drug 

plate to 100 μL of the cell suspension on PL or BF plate. That was the reason 

why  we  had  to  add  150 μL  of  the  drug  of  the  concentration  1024 mg/L 

into 150 μL 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......................256 - 0.015 mg/L

Micafungin..........................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

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

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 0.25 0.25 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 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

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

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 0.25 0.25 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 0.03 0.03 0.03 0.03 0.03

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

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

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 0.25 0.25 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 μL  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 μL of CoQ solution to 1 mL of XTT solution. We transferred 130 μL 

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 μL 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 P B

   HIGH DRUG CONC.

   LOW DRUG CONC.

DRUG + MICROORGANISM

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]

                                                           AE......................experimental absorbance value

                                                           AC................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 MIC50. In the end an average 

of MIC50 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.
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7.1.1 C. lusitaniae susceptibility profile
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Figure 15: Susceptibility profile of C. lusitaniae to anidulafungin PL (planktonic cells), BF 

(biofilm), FD (fungal damage)

Average FD for C. lusitaniae Standard deviation

PL [%] BF [%] PL [%] BF [%]

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

Concentration of anidulafungin 
[mg/L]:

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

Anidulafungin did not reach MIC50 for biofilm. The closest value to MIC50 

(48.05 %) it  reached was at  the concentration 16 mg/L. MIC50 for  planktonic 

cells was 32 mg/L.
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Figure 16: Susceptibility profile of C. lusitaniae to capofungin PL (planktonic cells), BF 

(biofilm), FD (fungal damage), red column marks  MIC50

Average FD for C. lusitaniae Standard deviation

PL [%] BF [%] PL [%] BF [%]

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

Concentration of caspofungin 
[mg/L]:

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

Caspofungin reached  MIC50 for biofilm at 32 mg/L. MIC50 for planktonic 

cells was 1 mg/L.
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Figure 17: Susceptibility profile of C. lusitaniae to micafungin PL (planktonic cells), BF 

(biofilm), FD (fungal damage), red column marks  MIC50

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  MIC50 for  biofilm  at  the  concentration  16 mg/L. 

For planktonic cells the  MIC50 was less than 0.060 mg/L.
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7.1.2 C. krusei susceptibility profile
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Figure 18: Susceptibility profile of C. krusei to anidulafungin PL (planktonic cells), BF 

(biofilm), FD (fungal damage), red column marks  MIC50

Average FD for C. krusei Standard deviation

PL [%] BF [%] PL [%] BF [%]

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 4.11
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

Concentration of anidulafungin 
[mg/L]:

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

Anidulafungin reached MIC50 for biofilm at the concentration 0.125 mg/L. 

For planktonic cells  MIC50 was also 0.125 mg/L.
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Figure 19: Susceptibility profile of C. krusei to caspofungin PL (planctonic cells), BF 
(biofilm), FD (fungal damage),  red column marks MIC50

Average FD for C. krusei Standard deviation

PL [%] BF [%] PL [%] BF [%]

0.030 9.25 5.70 2.46 3.07
0.060 22.22 17.31 2.54 2.94
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

Concentration of caspofungin 
[mg/L]:

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

Caspofungin reached  MIC50 for biofilm at 1 mg/L. For planktonic cells 

MIC50 was at the concentration 1 mg/L.
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Figure 20: Susceptibility profile of C. krusei to micafungin PL (planctonic cells), BF (biofilm), 
FD (fungal damage), red column marks  MIC50

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 MIC50 for biofilm at the concentration 0.125 mg/L. 

For planktonic cells the  MIC50 was less than 0.060 mg/L.
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7.1.3 C. guilliermondii susceptibility profile
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Figure 21: Susceptibility profile of C. guilliermondii to anidulafungin PL (planktonic cells), 

BF (biofilm), FD (fungal damage), red column marks  MIC50

Anidulafungin reached MIC50 for biofilm at the concentration 4 mg/L. 

For planktonic cells MIC50 was found at the concentration 1 mg/L.
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Average FD for C. guilliermondii Standard deviation

PL [%] BF [%] PL [%] BF [%]

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 2.97
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

Concentration of anidulafungin 
[mg/L]:

Table 8: Source data for the figure C. guilliermondii susceptibility profile to anidulafungin
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Figure 22: Susceptibility profile of C. guilliermondii to anidulafungin PL (planktonic cells), 

BF (biofilm), FD (fungal damage), red column marks MIC50

Caspofungin reached  MIC50 for biofilm at 32 mg/L. For planktonic cells 

MIC50 was at the concentration 1 mg/L.
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Average FD for C. guilliermondii Standard deviation

PL [%] BF [%] PL [%] BF [%]

0.030 13.31 18.29 5.94 5.04
0.060 23.92 26.44 6.10 0.33
0.125 19.48 24.35 2.62 1.78
0.250 19.42 21.83 4.28 3.79
0.500 10.50 25.03 6.05 6.41
1.000 66.56 23.00 8.38 16.26
2.000 93.36 39.18 3.43 20.74
4.000 94.88 44.86 2.59 17.00
8.000 90.22 45.43 4.13 17.68
16.000 87.90 44.26 10.57 14.87
32.000 92.46 50.48 5.14 18.59
64.000 97.37 67.34 1.93 10.48
128.000 100.00 97.13 0.00 1.43
256.000 100.00 99.43 0.00 0.45

Concentration of caspofungin 
[mg/L]:

Table 9: Source data for the figure C. guilliermondii susceptibility profile to caspofungin
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Figure 23: Susceptibility profile of C. guilliermondii to micafungin PL (planktonic cells), BF 

(biofilm), FD (fungal damage), red column marks MIC50

Micafungin reached MIC50 for biofilm at the concentration 2 mg/L. 

For planktonic cells MIC50 was 0.125 mg/L.
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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 44.27 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



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

0,030
0,060

0,125
0,250

0,500
1,000

2,000
4,000

8,000
16,000

32,000
64,000

128,000
256,000

0

25

50

75

100

Susceptibility profile of Candida species to caspofungin

C. lusitaniae
C. krusei
C. guilliermondii

concentration of caspofungin [mg/L]

FD
 [%

]

Figure 25: Caspofungin - comparison of antifungal activity against C. species BF 
FD(fungal damage)
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Figure 26: Micafungin  - comparison of antifungal activity against C. species BF 
FD(fungal damage)

7.3 Comparison of MIC50 of Candida species 

In the table are compared MIC50 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.
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AND CAS MFG
PL / PL BF / BF PL / PL BF / BF PL / PL BF / BF

0.125 /0.125 0.125 / >256 1/1 1/32 <0.060 /<0.060 0.125 /16

AND CAS MFG
PL / PL BF / BF PL / PL BF / BF PL / PL BF / BF
1 /0.125 4 / >256 1/1 32/32 0.125 /<0.060 2/16

AND CAS MFG
PL / PL BF / BF PL / PL BF / BF PL / PL BF / BF
1/0.125 4 /0.125 1/1 32/1 0.125 /<0.060 2/0.125

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

(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]

(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]

(P=0.0475) (P=0.0021) (P=0.9551) (P=0.0503) (P=0.4649) (P=0.0935)

Table 11: Comparison of MIC50 values The P value is determinating the statistical significance, 

PL (planktonic cells), BF (biofilm), AND (anidulafungin), CAS (caspofungin), MFG (micafungin)

 



8 Conclusion and discussion
We tested  the  susceptibility  of  three  non-albicans  Candida species  – 

C. krusei, C. lusitaniae and  C. guilliermondii  as biofilm (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 (MIC50 = 0.125 mg/L), 

then C. guilliermondii (MIC50 = 2 mg/L) and C. lusitaniae BF (MIC50 =  16 mg/L). 

Another tested echinocandin anidulafungin had the same MIC50 for C. krusei BF 

like MFG. Nevertheless the MIC50 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  (  MIC50 were  1 mg/L  and  32 mg/L)  and  medium  activity 

against  C. lusitaniae BF (MIC50 = 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 MIC50 lower than 0.25 mg/L and as moderate 

susceptible  with  MIC50 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 MIC50 ≥ 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 MIC50 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 

PI, 2010; Cancidas PI, 2001). This concentration is lower than the MIC50 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 MIC50 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 

67



10 References
AGARWAL, AK., PD. ROGERS, SR. BAERSON, MR. JACOB, KS. BARKER, 

JD. CLEARY, LA.  WALKER, DG. NAGLE and AM. CLARK. Genome-

wide expression profiling of the response to polyene, pyrimidine, azole, 

and  echinocandin  antifungal  agents  in  saccharomyces  cerevisiae. 

J. Biol. Chem., 2003, vol. 278, no. 37, p. 34998-35015, ISSN 0021-9258. 

AL-FATTANI, M. A. and LJ. DOUGLAS. Biofilm matrix of Candida albicans and 

Candida  tropicalis:  chemical  composition  and  role  in  drug  resistance. 

J. Med Microbiol., 2006, vol. 55, no. 8, p. 999-1008, ISSN 0022-2615.

ALEM, MAS., MDY. OTEEF, TH. FLOWERS and LJ.  DOUGLAS. Production 

of Tyrosol by Candida albicans biofilms and Its Role in Quorum Sensing 

and Biofilm Development.  Eukaryot. Cell., 2006, vol. 5, no. 10, p. 1770-

1779, ISSN 1535-9778.

ALLISON,  DG.  and  IW.  SUTHERLAND.  The  role  of  exopolysaccharides 

in adhesion of freshwater bacteria. Microbiology, 1987, vol. 133, no. 5, p. 

1319-1327, ISSN 1350-0872. 

ALMIRANTE, B.,  D. RODRIGUEZ, BJ. PARK, M. CUENCA-ESTRELLA, AM. 

PLANES,  M.  ALMELA,  J.  MENSA,  F.  SANCHEZ,  J.  AYATS,  M. 

GIMENEZ, P. SABALLS, SK. FRIDKIN, J. MORGAN, JL. RODRIGUEZ-

TUDELA,  DW.  WARNOCK,  A.  PAHISSA  and  BARCELONA 

CANDIDEMIA PROJECT STUDY GROUP. Epidemiology and predictors 

of  mortality  in  cases  of  Candida  bloodstream  Infection:  Results 

from population-based  surveillance,  Barcelona,  Spain,  from  2002 

to 2003.  J. Clin.  Microbiol.,   2005,  vol.  43, no.  4,  p.  1829-1835,  ISSN 

0095-1137.

ANDREAS  SALAMON,  Suheil,  Kurt  FUURSTED,  Henrik  EGEBLAD,  Eskild 

PETERSEN and Peter  OTT.  Candida albicans tricuspid  and pulmonic 

valve  endocarditis:  Challenge  of  relapsing  risk  and  role  of  combined 

medical  treatment  and  surgery.  Scand.  J.  Infect.  Dis.,  2007,  vol.  39, 

p. 641-644, ISSN 0036-5548.

ARELLANO, M., A. DURÁN and P. PÉREZ. Rho 1 GTPase activates the (1-

68



3)beta-D-glucan  synthase  and  is  involved  in  Schizosaccharomyces 

pombe morphogenesis. EMBO J., 1996, vol.15, no.17, p. 4584-4591. 

BAILLIE,  GS.  and  LJ.  DOUGLAS.  Role  of  dimorphism  in  the  development 

of Candida  albicans  biofilms. J.  Med.  Microbiol.,  1999,  vol. 48,  no. 7, 

p. 671-679, ISSN 0022-2615.

BAILLIE,  GS.  and  LJ.  DOUGLAS.  Effect  of  growth  rate  on  resistance 

of Candida  albicans  biofilms  to  antifungal  agents.  Antimicrob.  Agents  

Chemother., 1998b, vol. 42, no. 8, p. 1900–1905.

BAILLIE,  GS.  and LJ.  DOUGLAS.  Matrix  polymers  of  Candida biofilms  and 

their possible  role  in  biofilm  resistance  to  antifungal  agents. 

J. Antimicrob.  Chemother.,  2000,  vol.  46,  no.  3,  p.  397-403,  ISSN 

14602091.

BAILLIE,  GS.  and  LJ.  DOUGLAS.  Iron-limited  biofilms  of  Candida  albicans 

and their  susceptibility  to  amphotericin  B.  Antimicrob.  Agents  

Chemother., 1998, vol. 42, no. 8, p. 2146–2149.

BALASHOV,  SV.,  S.  PARK  and  DS.  PERLIN.  Assessing  resistance 

to the echinocandin  antifungal  drug  caspofungin  in  Candida  albicans 

by profiling  mutations  in  FKS1.  Antimicrob.  Agents  Chemother.,  2006, 

vol. 50, no. 6, p. 2058-2063, ISSN 0066-4804.

BALASUBRAMANIAN,  Mohan  K.,  E.  BI  and  M.  GLOTZER.  Comparative 

analysis of cytokinesis in budding yeast, fission yeast and animal Cells. 

Curr. Biol., 2004, vol. 14, no. 18, p. 806-818, ISSN 09609822.

BARNETT,  JA.  A history  of  research  on  yeasts  8:  taxonomy.  Yeast,  2004, 

vol. 21, no. 14, p. 1141-1193, ISSN 0749-503x.

BEAUVAIS, A., JM. BRUNEAU, PC. MOL, MJ. BUITRAGO, R. LEGRAND and 

JP. LATGE. Glucan Synthase Complex of Aspergillus fumigatus. Journal  

of Bacteriol., 2001, vol. 183, no. 7, p. 2273–2279.

BROGDEN, KA. and JM. GUTHMILLER. Polymicrobial diseases. Washington, 

D.C.: ASM Press, 2002, Chapter 18, ISBN 1-55581244-9.

CABIB, E., J. DRGONOVÁ and T. DRGON. Role of small G proteins in yeast  

cell  polarization  and wall  biosynthesis  1.  Annu.  Rev.  Biochem.,  1998, 

69



vol. 67, no. 1, p. 307-333, ISSN 0066-4154.

CANCIDAS:  EPAR  summary  for  the  public.  In:  European  Medicines 

Agency . 2008 [cit. 2012-08-10]. Available on: http://www.ema.europa.eu/

docs/en_GB/document_library/EPAR__Summary_for_the_public/human/

000379/WC500021025.pdf

CANCIDAS PI. In: Merck Sharp & Dohme Corp . 2001 , (updated 2008, 2009).

[cit. 2012-08-10]. Available on: http://www.merck.com/product/usa/pi_circ

ulars/c/cancidas/cancidas_pi.pdf

CARVER, PL. Micafungin.  Ann. Pharmacother., 2004, vol. 38, no. 10, p. 1707-

1721, ISSN 1060-0280.

Caspofungin acetate:  FDA advisory committee meeting background. In:  FDA 

Advisory Committee, 2000 [cit. 2012-08-10]. Available on: http://generato

r.citace.com/dokument/qhUUoDjOFTZuaWrx

CHAMILOS, G., RE. LEWIS, N. ALBERT and DP. KONTOYIANNIS. Paradoxical 

Effect  of  echinocandins  across  Candida  Species  In  Vitro:  evidence 

for echinocandin-specific  and  Candida  species-related  differences. 

Antimicrob.  Agents  Chemother.,  2007,  vol.  51,  no.  6,  p.  2257-2259, 

ISSN 0066-4804.

CHANDRA, J., DM. KUHN, PK. MUKHERJEE, LL. HOYER, T. MCCORMICK 

and  MA.  GHANNOUM.  Biofilm  Formation  by  the  Fungal  Pathogen 

Candida  albicans:  Development,  Architecture,  and  Drug  Resistance. 

J. Bacteriol., 2001b, vol. 183, no. 18, p. 5385-5394, ISSN 0021-9193.

CHANDRA, J., PK. MUKHERJEE, SD. LEIDICH, FF. FADDOUL, LL. HOYER, 

LJ. DOUGLAS and MA. GHANNOUM. Antifungal resistance of Candidal 

biofilms formed on denture acrylic in vitro.  J. Dent. Res., 2001, vol. 80, 

no. 3, p. 903-908, ISSN 0022-0345.

CHANDRASEKAR,  PH.  and  JD.  SOBEL.  Micafungin:  A new  echinocandin. 

Clin. Infect. Dis., 2006, vol. 42, no. 8, p. 1171-1178, ISSN 1058-4838.

CHARACKLIS, WG. and JD. BRYERS. Bioengineering report: Fouling biofilm 

development.  Biotechnol.  Bioeng.,  2009,  vol.  102,  no.  2,  p.  309-347, 

ISSN 00063592.

70

http://generator.citace.com/dokument/qhUUoDjOFTZuaWrx
http://generator.citace.com/dokument/qhUUoDjOFTZuaWrx
http://www.merck.com/product/usa/pi_circulars/c/cancidas/cancidas_pi.pdf
http://www.merck.com/product/usa/pi_circulars/c/cancidas/cancidas_pi.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/000379/WC500021025.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/000379/WC500021025.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/000379/WC500021025.pdf


CLSI,  Reference  method  for  broth  dilution  antifungal  susceptibility  testing 

of yeasts, 3rd Approved standard M27-A3. In: CLSI, 2008, vol. 28, no. 14., 

ISSN 0273-3099.

COLBURN,  DE.,  FJ.  GILES,  D.  OLADOVICH  and  JA.  SMITH.  In  vitro 

evaluation  of  cytochrome  P450-mediated  drug  Interactions  between 

cytarabine, idarubicin, itraconazole and caspofungin. Hematology, 2004, 

vol. 9, no. 3, p. 217-221, ISSN 1024-5332.

COSTERTON, JW., RT. IRVIN, KJ. CHENG and IW. SUTHERLAND. The Role 

of  Bacterial  Surface  Structures  in  pathogenesis.  Crit.  Rev.  Microbiol., 

1981, vol. 8, no. 4, p. 303-338, ISSN 1040-841x.

COSTERTON,  JW.,  GG.  GEESEY  and  KJ.  CHENG.  How  bacteria  stick. 

Sci. Am., 1978, vol. 238, no. 86, p. 18. 

COSTERTON, JW.,  KJ.  CHENG, GG.  GEESEY,  TI.  LADD, JC.  NICKEL,  M. 

DASGUPTA and TJ. MARRIE. Bacterial biofilms in nature and disease. 

Annu. Rev. Microbiol., 1987, vol. 41, no. 1, p. 435-464, ISSN 0066-4227. 

COSTERTON, JW., PS. STEWART and EP. GREENBERG. Bacterial Biofilms: 

A common  cause  of  persistent  infections.  Science,  1999,  vol.  284, 

no. 5418, p. 1318-1322, ISSN 00368075.

DAMLE, BD., JA. DOWELL,  RL. WALSKY, GL. WEBER, M. STOGNIEW and 

PB. INSKEEP. In vitro and in vivo studies to characterize the clearance 

mechanism and potential cytochrome P450 interactions of anidulafungin. 

Antimicrob. Agents Chemother., 2009, vol. 53, no. 3, p. 1149-1156, ISSN 

0066-4804.

DAVIES, DG. and GG. GEESEY. Regulation of the alginate biosynthesis gene 

algC  in  Pseudomonas  aeruginosa  during  biofilm  development 

in continuous  culture.  Appl.  Environ.  Microbiol.,  1995,  vol.  61,  no.  3, 

p. 860-867.

DENNING,  DW.  Echinocandin  antifungal  drugs.  Lancet.,  2003,  vol.  362, 

no. 9390, p. 1142-1151, ISSN 01406736.

DONLAN, RM. Biofilms and device-associated infections.  Emerg. Infect. Dis., 

71



2001, vol. 7, no. 2, p. 277-281.

DOUGHERTY, SH. Pathobiology of Infection in Prosthetic Devices. Clin. Infect.  

Dis., 1988, vol. 10, no. 6, p. 1102-1117, ISSN 1058-4838.

DOUGLAS, CAMERON M., FORREST FOOR, JEAN A. MARRINAN, NANCY 

MORIN, JENNIFER B. NIELSEN,, ARLENE M. DAHL, PAUL MAZUR, 

WALTER BAGINSKY, WEILI LI, MOHAMED EL-SHERBEINI, JOSEPH A. 

CLEMAS, SUZANNE M. MANDALA, BETH R. FROMMER and MYRA B. 

KURTZ.  The  Saccharomyces  cerevisiae  FKSI  (ETGJ)  gene  encodes 

an integral  membrane  protein  which  is  a  subunit  of  1,3-,8-D-glucan 

synthase. Proc. Natl. Acad. Sci., 1994, vol. 91, no. 26, p. 12907-12911.

DOUGLAS,  CM.  Fungal  beta(1,3)-D-glucan  synthesis.  Med.  Mycol.,  2001, 

vol. 39, no. 1, p. 55-66.

DOUGLAS,  CM.,  JA.  D’IPPOLITO,  GJ.  SHEI,  M.  MEINZ,  J.  ONISHI,  JA. 

MARRINAN,  W.  LI,  GK.  ABRUZZO,  A.  FLATTERY,  K.  BARTIZAL,  A. 

MITCHELL and MB. KURTZ. Identification of the FKS1 gene of Candida 

albicans as  the  essential  target  of  1,3-b-D-glucan synthase inhibitors. 

Antimicrob. Agents Chemother., 1997, vol. 41, no. 11, s. 2471–2479 . 

DOUGLAS, LJ. Candida biofilms and their role in infection.  Trends Microbiol., 

2003, vol. 11, no. 1, p. 30-36 .

EAGLE, H. and AD. MUSSELMAN. The rate of bactericidal action of penicillin 

in vitro as a function of its concentration, and its paradoxically reduced 

activity at high concentrations against certain organisms.  J. Exp. Med., 

1948, vol. 88, no. 1, p. 99–131.

ECLATA:  EPAR  summary  for  the  public.  In:  European  Medicines 

Agency, 2009, [cit. 2012-08-10]. Available from : http://www.ema.europa.

eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/hum

an/000788/WC500020674.pdf

ERAXIS PI. In: Pfizer, Inc., [cit. 2012-08-10] 2010, Dostupné z: http://labeling.pfi

zer.com/ShowLabeling.aspx?id=566

FLEISCHHACKER,  M.,  C.  RADECKE,  B.  SCHULZ  and  M.  RUHNKE. 

Paradoxical  growth  effects  of  the  echinocandins  caspofungin  and 

72

http://labeling.pfizer.com/ShowLabeling.aspx?id=566
http://labeling.pfizer.com/ShowLabeling.aspx?id=566
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/000788/WC500020674.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/000788/WC500020674.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Summary_for_the_public/human/000788/WC500020674.pdf


micafungin,  but  not  of  anidulafungin,  on  clinical  isolates  of  Candida 

albicans and C. dubliniensis. European J. Clin. Microbiol., 2008, vol. 27, 

no. 2, p. 127-131,  ISSN 0934-9723.

FRANKLIN,  T.,  G.  SNOW  and  T.  FRANKLIN.  Biochemistry  and  molecular 

biology of antimicrobial drug action. 6th ed., 2005,  ISBN 03-872-2554-4.

FUJIE,  A.  Discovery of  micafungin (FK463):  A novel  antifungal  drug derived 

from a natural  product  lead.  Pure Appl.  Chem.,  2007,  vol.  79,  no.  4, 

p. 603-614, ISSN 0033-4545.

GARCIA-EFFRON, G., DJ. CHUA, JR. TOMADA, J. DIPERSIO, DS. PERLIN, 

M.  GHANNOUM  and  H.  BONILLA.  Novel  FKS  mutations  associated 

with echinocandin  resistance  in  Candida  species. Antimicrob.  Agents  

Chemother., 2010, vol. 54, no. 5, p. 2225-2227, ISSN 0066-4804.

GARCIA-EFFRON, G., S. LEE, S. PARK, JD. CLEARY and DS. PERLIN. Effect 

of  Candida  glabrata  FKS1  and  FKS2  Mutations  on  echinocandin 

sensitivity  and  kinetics  of  1,3-  -D-glucan  synthase:  Implication 

for the existing susceptibility breakpoint.  Antimicrob. Agents Chemother., 

2009, vol. 53, no. 9, p. 3690-3699, ISSN 0066-4804.

GROLL,  AH.  and  TJ.  WALSH.  Caspofungin:  pharmacology,  safety  and 

therapeutic potential in superficial and invasive fungal infections. Expert.  

Opin. Investig. Drugs., 2001, vol. 10, no. 8, p. 1545-1558, ISSN 1354-

3784. 

HAJJEH, RA., AN. SOFAIR, LH. HARRISON, GM. LYON, BA. ARTHINGTON-

SKAGGS, SA. MIRZA, M. PHELAN, J. MORGAN, W. LEE-YANG, MA. 

CIBLAK, LE. BENJAMIN, L. THOMSON SANZA, S. HUIE, SF. YEO, ME. 

BRANDT  and  DW.  WARNOCK.  Incidence  of  bloodstream  infections 

due to Candida species and in vitro susceptibilities of isolates collected 

from 1998 to 2000 in a population-based active surveillance program. 

J. Clin. Microbiol., 2004, vol. 42, no. 4, p. 1519-1527, ISSN 0095-1137.

HAKKI, M., JF. STAAB and KA. MARR. Emergence of a Candida krusei isolate 

with  reduced  susceptibility  to  caspofungin  during  therapy.  Antimicrob.  

Agents Chemother., 2006, vol. 50, no. 7, p. 2522-2524, ISSN 0066-4804.

73



HASAN, F.,  I.  XESS, X.  WANG, N.  JAIN and BC. FRIES.  Biofilm formation 

in clinical Candida isolates and its association with virulence.  Microbes 

Infect., 2009, vol. 11, 8-9, p. 753-761, ISSN 12864579.

HAWSER, SP.,  GS.  BAILLIE and LJ.  DOUGLAS.  Production of  extracellular 

matrix by Candida albicans biofilms. J. Med. Microbiol., 1998b, vol. 47, 

no. 3, p. 253-256, ISSN 0022-2615.

HAWSER, SP. and LJ. DOUGLAS. Biofilm formation by Candida species on 

the surface of catheter materials in vitro.  Infect. Immun., 1994, vol. 62, 

no. 3, p. 915-921.

HAWSER, SP. and LJ.  DOUGLAS.  Resistance of  Candida albicans biofilms 

to antifungal  agents  in  vitro.  Antimicrob.  Agents  Chemother.,  1995, 

vol. 39, no. 9, p. 2128–2131.

HAWSER,  SP.,  H.  NORRIS,  CJ.  JESSUP  and  MA.  GHANNOUM. 

Comparison of a 2,3-Bis(2-Methoxy-4-Nitro-5-Sulfophenyl)-5- [(Phenylam

ino)Carbonyl]-2H-tetrazolium hydroxide  (XTT)  colorimetric  method with 

the  standardized  national  committee  for  clinical  laboratory  standards 

method of  testing clinical  yeast  isolates  for  susceptibility  to  antifungal 

agents. J. Clin. Microbiol., 1998, vol. 36, no. 5, p. 1450-1452.

HORNBY,  JM.,  EC.  JENSEN,  AD.  LISEC,  JJ.  TASTO,  B.  JAHNKE,  R. 

SHOEMAKER, P. DUSSAULT and KW. NICKERSON. Quorum sensing 

in  the  dimorphic  fungus  Candida  albicans  is  mediated  by  farnesol. 

Appl. Environ. Microbiol., 2001, vol. 67, no. 7, p. 2982-2992, ISSN 0099-

2240.

HUGO, W., S. DENYER, N A. HODGES and S. GORMAN. Hugo and Russell's 

pharmaceutical microbiology. 7th ed. Malden, Mass.: Blackwell Science, 

2004, p. 44-48, ISBN 9780632064670

HUXLEY, A. Discourses: Biological & Geological (volume VIII): Yeast, [cit. 2012-

08-10]. Available from : http://aleph0.clarku.edu/huxley/CE8/Yeast.html 

HUNT, SM., EM. WERNER, B. HUANG, MA. HAMILTON and PS. STEWART. 

Hypothesis  for  the  role  of  nutrient  starvation  in  biofilm  detachment. 

74

http://aleph0.clarku.edu/huxley/CE8/Yeast.html


Appl. Environ.  Microbiol.,  2004,  vol.  70,  no.  12,  p.  7418-7425, 

ISSN 0099-2240.

IMTIAZ, T., KK. LEE, CA. MUNRO, DM. MACCALLUM, GS. SHANKLAND, EM. 

JOHNSON, MS. MACGREGOR and AM. BAL. Echinocandin resistance 

due  to  simultaneous  FKS  mutation  and  increased  cell  wall  chitin 

in a Candida  albicans  bloodstream  isolate  following  brief  exposure 

to caspofungin. J. Med. Microbiol.,    2012, vol. 61, no. 1, p. 1330–1334, 

ISSN 0022-2615.

JAMES, GA.,  L.  BEAUDETTE and JW. COSTERTON. Interspecies bacterial 

interactions in biofilms. J. Ind. Microbiol., 1995, vol. 15, no. 4, p. 257-262, 

ISSN 0169-4146.

KAHN, JN.,  G. GARCIA-EFFRON, MJ. HSU, S. PARK, KA. MARR and DS. 

PERLIN. Acquired echinocandin resistance in a Candida krusei Isolate 

due to modification of glucan synthase.  Antimicrob. Agents Chemother., 

2007-04-20, vol. 51, no. 5, p. 1876-1878, ISSN 0066-4804.

KANG, MS. and E. CABIB. Regulation of fungal  cell  wall  growth: A guanine 

nucleotide-binding, proteinaceous component required for activity of (1-

*3)-,8-D-glucan synthase.  Proc. Nati.  Acad.  Sci.,  1986,  vol.  83,  no.  1, 

p. 5808-5812.

KLEIN,  LL.  and  L.  LI.  Design  and  preparation  of  cyclopeptamine  antifungal  

agents. Curr. Pharm. Des., 1999, vol. 5, no. 2, p. 57-71.

KLIS,  FM.,  P.  DE  GROOT  and  K.  HELLINGWERF.  Molecular  organization 

of the cell wall of Candida albicans.  Med. Mycol.,  2001, vol. 39, no. 1, 

p. 1-8.

KOFLA, G. and M. RUHNKE. Pharmacology and metabolism of anidulafungin, 

caspofungin  and  micafungin  in  the  treatment  of  invasive  candidosis  - 

review of the literature.  Eur. J. Med. Res., 2011, vol. 16, no. 4,  p. 159-

166, ISSN 2047-783x.

KUHN,  DM.,  T.  GEORGE,  J.  CHANDRA,  PK.  MUKHERJEE  and  MA. 

GHANNOUM.  Antifungal  susceptibility  of  Candida  biofilms:  unique 

efficacy  of  amphotericin  b  lipid  formulations  and  echinocandins. 

75



Antimicrob. Agents Chemother., 2002, vol. 46, no. 6, p. 1773-1780, ISSN 

0066-4804. 

KURT,  MB.  and  JH.  REX.  Glucan  synthase  inhibitors  as  antifungal  agents.  

Adv. Protein. Chem., 2001, vol.56, no. 1, p. 423-475 .

KURTZ, MB., G. ABRUZZO, A. FLATTERY, K. BARTIZAL, JA. MARRINAN, W. 

LI, J. MILLIGAN, K. NOLLSTADT and CM. DOUGLAS. Characterization 

of  echinocandin-resistant  mutants  of  Candida  albicans:  genetic, 

biochemical, and virulence studies.  Infect. Immun., 1996, vol. 64, no. 8, 

p. 3244-3251 . 

LETSCHER-BRU, V. and R. HERBRECHT. Caspofungin: the first representative 

of a new antifungal class. J. Antimicrob. Chemother., 2003, vol. 51, no. 3, 

p. 513-521, ISSN 14602091.

LEWIS, K. Riddle of biofilm resistance.  Antimicrob. Agents Chemother., 2001, 

vol. 45, no. 4, p. 999-1007, ISSN 0066-4804.

LEWIS,  RE.,  DP.  KONTOYIANNIS,  RO.  DAROUICHE,  II.  RAAD  and  RA. 

PRINCE.  Antifungal  activity  of  amphotericin  B,  fluconazole, 

and voriconazole  in  an  in  vitro  model  of  Candida  catheter-related 

bloodstream  infection.  Antimicrob.  Agents  Chemother.,  2002,  vol.  46, 

no. 11, p. 3499-3505, ISSN 0066-4804.

MAZUR, P. and W. BAGINSKY. In vitro activity of 1,3-beta -d-glucan synthase 

requires the GTP-binding protein Rho1. J. Biol. Chem., 1996, vol. 271, 

no. 24, p. 14604-14609, ISSN 00219258.

MAZUR, P., N. MORIN, W. BAGINSKY, M. EL-SHERBEINI, JA. CLEMAS, JB. 

NIELSEN  and  F.  FOOR.  Differential  expression  and  function  of  two 

homologous subunits of yeast 1,3-b-D-glucan synthase. Mol. Cell. Biol., 

1995, vol. 15, no. 10, p. 5671-5681.

MELO,  AS.,  AL.  COLOMBO  and  BA.  ARTHINGTON-SKAGGS.  Paradoxical 

growth effect of caspofungin observed on biofilms and planktonic cells 

of five different Candida species.  Antimicrob. Agents Chemother., 2007, 

vol. 51, no. 9, p. 3081-3088, ISSN 0066-4804.

76



MESHULAM, T., SM. LEVITZ, L. CHRISTIN and RD. DIAMOND. A simplified 

new assay for assessment of  fungal  cell  damage with the tetrazolium 

dye, (2,3)-bis-(2-methoxy-4-nitro-5-sulphenyl)-(2H)-tetrazolium-5-

carboxanil ide (XTT) . J. Infect. Dis., 1995, vol. 172, no. 4, p. 1153-1156.

MILLER,  CD.,  BW.  LOMAESTRO,  S.  PARK  and  DS.  PERLIN.  Progressive 

esophagitis  caused  by  Candida  albicans  with  reduced  susceptibility 

to caspofungin. Pharmacotherapy, 2006, vol. 26, no. 6, p. 877-880, ISSN 

0277-0008.

MOL,  PC.,  HM.  PARK,  JT.  MULLINS and E.  CABIB.  A GTP-binding protein 

regulates the activity of (1-->3)-beta-glucan synthase, an enzyme directly 

involved in yeast cell wall morphogenesis. J. Biol. Chem., 1994, vol. 269, 

no. 49, p. 31267-31274.

MURDOCH,  D.  and GL.  PLOSKER. Anidulafungin.  Adis  Drug Profile,  2004, 

vol. 64, no. 19, p. 2249-2258.

MYCAMINE PI. In: Astellas Pharma US, 2011  [cit. 2012-08-10]. Available on: 

http://www.mycamine.com/docs/mycamine.pdf

MYCAMINE:  EPAR  –  Summary  for  the  public.  In: European  Medicines 

Agency, 2011 [cit. 2012-08-10]. Available on: http://www.ema.europa.eu/d

ocs/en_GB/document_library/EPAR__Summary_for_the_public/human/0

00734/WC500031077.pdf

NEIMAN,  AM.  Ascospore  formation  in  the  yeast  Saccharomyces  cerevisiae. 

Microbiol. Mol. Biol. Rev., 2005, vol. 69, no. 4,  p. 565-584, ISSN 1092-

2172.

NEVZATOGLU, EU., M. ÖZCAN, Y. KULAK-OZKAN and T. KADIR. Adherence 

of Candida albicans to denture base acrylics and silicone-based resilient 

liner materials with different surface finishes.  Clin. Oral Investig., 2007, 

vol. 11, no. 3, p. 231-236, ISSN 1432-6981.

NYFELER, R., W. KELLER-SCHIERLEIN, F. BENZ, F. KNÜSEL, J. NÜESCH, 

H.  TREICHLER  and  W.  VOSER.  Stoffwechselprodukte 

von mikroorganismen  143.  mitteilung.  Echinocandin B,  ein  neuartiges 

polypeptid-antibioticum  aus  Aspergillus  nidulans  var.  echinulatus: 

77

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/000734/WC500031077.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/000734/WC500031077.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Summary_for_the_public/human/000734/WC500031077.pdf
http://www.mycamine.com/docs/mycamine.pdf


Isolierung und bausteine. Helv. Chim. Acta., 1974, vol. 57, no. 8, p. 2459-

2477, ISSN 0018-019x. 

O'TOOLE, G.,  HB. KAPLAN and R. KOLTER. Biofilm formation as microbial 

development. Annu. Rev. Microbiol., 2000, vol. 54, no. 1, p. 49-79, ISSN 

0066-4227. 

PAPPAS,  PG.,  JH.  REX,  JD.  SOBEL,  SG.  FILLER,  WE.  DISMUKES,  TJ. 

WALSH,  JE.  EDWARDS and INFECTIOUS DISEASES SOCIETY OF 

AMERICA.  Guidelines  for  treatment  of  candidiasis.  Clin.  Infect.  Dis., 

2003, vol. 38, no. 2, p. 161-189.

PARK, S., R. KELLY, JN. KAHN, J. ROBLES, MJ. HSU, E. REGISTER, W. LI, V. 

VYAS, H. FAN, G. ABRUZZO, A. FLATTERY, C. GILL, G. CHREBET, SA. 

PARENT, M. KURTZ, H. TEPPLER, CM. DOUGLAS and DS. PERLIN. 

Specific  substitutions  in  the  echinocandin  target  Fks1p  account 

for reduced  susceptibility  of  rare  laboratory  and  clinical  Candida  sp. 

isolates.  Antimicrob. Agents Chemother., 2005, vol. 49, no. 8,  p. 3264-

3273, ISSN 0066-4804. 

PARKINS, MD., DM. SABUDA, S. ELSAYED and KB. LAUPLAND. Adequacy 

of empirical  antifungal  therapy and effect  on  outcome among patients 

with invasive  Candida  species  infections.  J.  Antimicrob.  Chemother., 

2007, vol. 60, no. 3, p. 613-618 . ISSN 0305-7453.

PERLIN, D. Resistance to echinocandin-class antifungal  drugs.  Drug Resist.  

Updat., 2007, vol. 10, no. 3, p. 121-130, ISSN 13687646.

PETRAITIS,  V.,  R.  PETRAITIENE,  AH.  GROLL,  K.  ROUSSILLON,  M. 

HEMMINGS, CA. LYMAN, T. SEIN, J. BACHER, I. BEKERSKY and TJ. 

WALSH. Comparative antifungal activities and plasma pharmacokinetics 

of  micafungin  (FK463)  against  disseminated  candidiasis  and  invasive 

pulmonary aspergillosis  in  persistently neutropenic rabbits.  Antimicrob.  

Agents Chemother., 2002, vol. 46, no. 6, p. 1857-1869, ISSN 0066-4804.

PFALLER, MA., GJ. MOET, SA. MESSER, RN. JONES and M. CASTANHEIRA. 

Candida bloodstream infections: comparison of species distributions and 

antifungal  resistance  patterns  in  community-onset  and  nosocomial 

isolates in the SENTRY antimicrobial surveillance program, 2008-2009. 

78



Antimicrob. Agents Chemother., 2011, vol. 55, no. 2,  p. 561-566, ISSN 

0066-4804. 

PFALLER,  MA.,  M.  CASTANHEIRA,  DJ.  DIEKEMA,  SA.  MESSER and  RN. 

JONES. Triazole and echinocandin MIC distributions with epidemiological 

cutoff  values  for  differentiation  of  wild-type  strains  from non-wild-type 

strains of six uncommon species of Candida.  J. Clin. Microbiol., 2011b, 

vol. 49, no. 11, p. 3800-3804, ISSN 0095-1137.

PFALLER, MA., DJ. DIEKEMA, D. ANDES, MC. ARENDRUP, SD. BROWN, SR. 

LOCKHART,  M.  MOTYL  and  DS.  PERLIN.  Clinical  breakpoints 

for the echinocandins  and  Candida  revisited:  Integration  of  molecular, 

clinical, and microbiological data to arrive at species-specific interpretive 

criteria.  Drug  Resist.  Updat.,  2011c,  vol. 14,  no. 3,  p. 164-176, 

ISSN 13687646.

PFALLER,  MA.,  DJ.  DIEKEMA,  RN.  JONES,  HS.  SADER,  AC.  FLUIT,  RJ. 

HOLLIS,  SA.  MESSER  and  SENTRY  PARTICIPANT  GROUP. 

International  surveillance  of  bloodstream  infections  due  to  Candida 

species:  Frequency  of  occurrence  and  in  vitro  susceptibilities 

to fluconazole,  ravuconazole,  and  voriconazole  of  isolates  collected 

from 1997  through  1999  in  the  SENTRY  Antimicrobial  Surveillance 

Program. J.  Clin.  Microbiol.,  2001,  vol.  39,  no.9,  p. 3254-3259,  ISSN 

0095-1137.

PFALLER, MA.,  SA. MESSER, L. BOYKEN, C. RICE, S. TENDOLKAR, RJ. 

HOLLIS and DJ. DIEKEMA. Caspofungin activity against clinical isolates 

of fluconazole-resistant Candida. J. Clin. Microbiol., 2003, vol. 41, no. 12, 

p. 5729-5731, ISSN 0095-1137.

PRESTERL,  E.,  AJ.  GRISOLD,  S.  REICHMANN,  AM.  HIRSCHL,  A. 

GEORGOPOULOS  and  W.  GRANINGER.  Viridans  streptococci 

in endocarditis  and  neutropenic  sepsis:  biofilm  formation  and  effects 

of antibiotics.  J. Antimicrob. Chemother., 2004, vol. 55, no. 1,  p. 45-50, 

ISSN 1460-2091.

QUIRYNEN, M. and CM. BOLLEN. The influence of surface roughness and 

surface-free energy on supra- and subgingival plaque formation in man. 

79



A review of the literature. J. Periodontol., 1995, vol. 22, no. 1, p. 1-14.

RAAD,  I.  Intravascular-catheter-related  infections.  Lancet,  1998,  vol.  351, 

no. 9106, p. 893-898, ISSN 01406736

RAMAGE, G., S. BACHMANN, TF. PATTERSON, BL. WICKES and JL. LÓPEZ-

RIBOT. Investigation of multidrug efflux pumps in relation to fluconazole 

resistance in Candida albicans biofilms. J. Antimicrob. Chemother., 2002, 

vol. 49, no. 6, p. 973-980, ISSN 14602091.

RAMAGE, G.,  SP.  SAVILLE, BL.  WICKES and JL.  LOPEZ-RIBOT.  Inhibition 

of Candida  albicans  biofilm  formation  by  farnesol,  a  quorum-sensing 

molecule. Appl. Environ. Microbiol., 2002, vol. 68, no. 11, p. 5459-5463, 

ISSN 0099-2240.

RAMAGE,  G.,  K.  VANDE  WALLE,  BL.  WICKES  and  JL.  LOPEZ-RIBOT. 

Standardized  method  of  in  vitro  antifungal  susceptibility  testing 

of Candida albicans biofilms. Antimicrob. Agents. Chemother., 2001, vol. 

45, no. 9, p. 2475-2479, ISSN 0066-4804.

RAMAGE, G., K. VANDE WALLE, BL. WICKES and JL. LOPEZ-RIBOT. Biofilm 

formation by candida dubliniensis. J. Clin. Microbiol., 2001b, vol. 39, no. 

9, p. 3234-3240, ISSN 0095-1137.

RAMAGE,  G.,  K.  VANDEWALLE,  BL.  WICKES  and  JL.  LÓPEZ–RIBOT. 

Characteristics of biofilm formation by Candida albicans.  Rev. Iberoam. 

Micol.,  2001, vol. 18, no. 1, p. 163-170.

REINOSO-MARTIN, C., C. SCHULLER, M. SCHUETZER-MUEHLBAUER and 

K. KUCHLER. The yeast protein kinase C cell integrity pathway mediates 

tolerance to the antifungal drug caspofungin through activation of Slt2p 

mitogen-activated protein kinase signaling.  Eukaryot. Cell., 2003, vol. 2, 

no. 6, p. 1200-1210, ISSN 1535-9778.

SAKAEDA, T., K. IWAKI, M. KAKUMOTO, M. NISHIKAWA, T. NIWA, J. JIN, T. 

NAKAMURA,  K.  NISHIGUCHI,  N.  OKAMURA  and  K.  OKUMURA. 

Effect of micafungin on cytochrome P450 3A4 and multidrug resistance 

protein  1  activities,  and  its  comparison  with  azole  antifungal  drugs. 

J. Pharm. Pharmacol., 2005, vol. 57, no. 6, p. 759–764 .

80



SHEMATEK,  EM.  and  E.  CABIB.  Biosynthesis  of  the  Yeast  Cell  Wall:  11. 

Regulation of p-(1+3)glucan synthetase by ATP and GTP. J. Biol. Chem., 

1980, vol. 255, no. 3, p. 895-902 .

SHIELDS,  RK.,  MH.  NGUYEN,  C.  DU,  E.  PRESS,  S.  CHENG  and  CJ. 

CLANCY.  Paradoxical  effect  of  caspofungin  against  Candida 

bloodstream isolates is mediated by multiple pathways but eliminated in 

human  serum.  Antimicrob.  Agents  Chemother.,  2011,  vol.  55,  no.  6, 

p. 2641-2647, ISSN 0066-4804.

SCHAUER, F. and R. HANSCHKE. Zur taxonomie und ökologie der gattung 

Candida: Taxonomy and ecology of the genus Candida. Mycoses, 1999, 

vol. 42, no. 1, p. 12-21, ISSN 09337407.

SCHUETZER-MUEHLBAUER, M., B. WILLINGER, G. KRAPF, S. ENZINGER, 

E.  PRESTERL and K.  KUCHLER.  The Candida albicans Cdr2p ATP-

binding  cassette  (ABC)  transporter  confers  resistance to  caspofungin. 

Mol. Microbiol., 2003, vol. 48, no. 1, p. 225-235, ISSN 0950382x.

SIMITSOPOULOU, M. Laboratory results, 2010-2011

SINGH,  SD.,  N.  ROBBINS,  AK.  ZAAS,  WA.  SCHELL,  JR.  PERFECT,  LE. 

COWEN and AP. MITCHELL. Hsp90 governs echinocandin resistance in 

the pathogenic yeast  Candida albicans via  calcineurin.  PLoS Pathog., 

2009, vol. 5, no. 7, p. 1-14, ISSN 1553-7374.

STEVENS,  DA.,  M.  ESPIRITU  and  R.  PARMAR.  Paradoxical  effect  of 

caspofungin:  reduced  activity  against  Candida  albicans  at  high  drug 

concentrations.  Antimicrob. Agents Chemother., 2004, vol. 48, no. 9,  p. 

3407-3411, ISSN 0066-4804.

STEVENS, DA., TC. WHITE, DS. PERLIN and CP. SELITRENNIKOFF. Studies 

of  the  paradoxical  effect  of  caspofungin  at  high  drug  concentrations. 

Diagn. Microbiol.  Infect.  Dis.,  2005,  vol.  51,  no.  3,  p. 173-178,  ISSN 

07328893.

STEWART, PS. Theoretical aspects of antibiotic diffusion into microbial biofilms. 

Antimicrob. Agents Chemother., 1996, vol. 40, no. 11, p. 2517-2522 .

STONE,  JA.,  SD.  HOLLAND,  PJ.  WICKERSHAM,  A.  STERRETT,  M. 

81



SCHWARTZ,  C.  BONFIGLIO,  M.  HESNEY,  GA.  WINCHELL,  PJ. 

DEUTSCH, H. GREENBERG, TL. HUNT and SA. WALDMAN. Single- 

and  multiple-dose  pharmacokinetics  of  caspofungin  in  healthy  men. 

Antimicrob.  Agents  Chemother., 2002,  vol.  46,  no.  3,  p. 739-745, 

ISSN 0066-4804.

SUTHERLAND, IW. The biofilm matrix--an immobilized but dynamic microbial 

environment. Trends Microbiol., 2001, vol. 9, no. 5, p. 222-227. 

SUTHERLAND, IW. Biotechnology of microbial exopolysaccharides. New York:  

Cambridge University Press, 1990, 163 p, ISBN 05-213-6350-0.

SWIFT,  S.,  JP.  THROUP,  P.  WILLIAMS,  GPC.  SALMOND  and  GSAB. 

STEWART.  Quorum  sensing:  a  population-density  component  in  the 

determination  of  bacterial  phenotype.  Trends.  Biochem.  Sci., 1996, 

vol. 21, no. 6, p. 214-219, ISSN 09680004.

TEUGHELS, W., N. VAN ASSCHE, I. SLIEPEN and M. QUIRYNEN. Effect of 

material  characteristics  and/or  surface  topography  on  biofilm 

development.  Clin. Oral Implants Res.,  2006, vol. 17, no. 2,  p. 68-81, 

ISSN 0905-7161. 

TOURNU, H. and P. VAN DIJCK. Candida Biofilms and the Host: Models and 

New  Concepts  for  Eradication.  Int.  J.  Microbiol., 2012,  vol.  2012, 

no. 2012, p. 1-16, ISSN 1687-918x.

TRULEAR,  MG.  and  WG.  CHARACKLIS.  Dynamics  of  Biofilm  Processes. 

Journal  (Water  Pollution Control  Federation),  1982,  vol.  54,  no.  9, 

p. 1288-1301.

TUMBARELLO, M., B. POSTERARO, EM. TRECARICHI, B. FIORI, M. ROSSI, 

R. PORTA, K. DE GAETANO DONATI, M. LA SORDA, T. SPANU, G. 

FADDA,  R.  CAUDA  and  M.  SANGUINETTI.  Biofilm  Production 

by Candida Species  and Inadequate  Antifungal  Therapy as  Predictors 

of Mortality  for  Patients  with  Candidemia. J.  Clin.  Microbiol., 2007, 

vol. 45, no. 6, p. 1843-1850, ISSN 0095-1137.

WATNICK, PI. and R. KOLTER. Steps in the development of a Vibrio cholerae 

El Tor biofilm. J. Mol. Biol., 1999, vol. 34, no. 3, p. 586-595, ISSN 0950-

82



382x.

WIMPENNY, JWT. and R. COLASANTI. A unifying hypothesis for the structure 

of  microbial  biofilms  based  on  cellular  automaton  models.  FEMS 

Microbiol. Ecol., 1997, vol. 22, no. 1, p. 1-16, ISSN 01686496.

ZHANG, X., P. BISHOP and M. KUPFERLE. Measurement of polysaccharides 

and proteins in biofilm extracellular polymers. Water Sci. Technol., 1998, 

vol. 37, no. 4-5, p. 345-348, ISSN 02731223.

ZOBELL, CE. The effect of solid surfaces upon bacterial activity. J. Bacteriol.,  

1943, vol. 46, no. 1, p. 39–56.

83



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

◦ take one clinical isolate from the freezer (-35 °C)

◦ put  on  a  SA+ plate  and  streak  cells  using  the  loop  to  get  single 

colonies

◦ incubate for 48 hours at 37 °C

DAY 1

• Biofilm preparation I

◦ add 20 mL YNB + 2 % glucose in  100 mL sterile  tissue flask  and 

a loopful of Candida from SA+ plate

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

DAY 2

• Biofilm preparation II

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

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

◦ do washing step – resuspend cells in 10 mL of PBS and wash once

◦ resuspend washed cells in 10 mL of RPMI solution

◦ vortex 20 min on maximal speed, make 1:1000 dilution, count cells 

and adjust concentration 106 cell/mL using RPMI

◦ add to the 96-well microtiter plate 100 μL of 106 cell/mL to have a final 

concentration 105 cell/mL in rows 1-11

◦ seals plates with parafilm and incubate for 48 hours, 37 °C, using a 

rocker (at speed 8)

DAY 3

• Planktonic cell preparation

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



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

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

DAY 4

• incubation with drugs

◦ BF

▪ plates with BF centrifuge for 20 min at 3000 rpm (800xg), 15°C

▪ then aspirate supernatants and add 100 μL of RPMI and 100 μL 

of drug (in pentaplicate) 

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

◦ PL

▪ 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 106 cell/mL using RPMI

▪ add to the 96-well microtitre plate 100 μL of 2x106 cell/mL to have 

a final concentration 2x105 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)

DAY 5

• Evaluation of antifungal susceptibility

◦ centrifuge all plates for 20 minutes, 3000 rpm (800xg) 

◦ aspirate medium and add 130 μL 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

• Preparation of SA+ plates with microorganisms from the stock

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

DAY 1



• Biofilm preparation I

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

DAY 2

• Biofilm preparation II

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

DAY 3

• Biofilm plates incubation

◦ incubate BF plates at 37 °C, using a rocker (at speed 8)

DAY 4

• Planktonic cell preparation

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

• Change of RPMI on BF plates

◦ replace used RPMI with 100 μL of a fresh RPMI

◦ seals plates with parafilm and incubate at 37 °C, using a rocker (at 

speed 8)

DAY 5

• Incubation with drugs

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

DAY 6

• Evaluation of antifungal susceptibility

◦ 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

4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243

0.007 0.60 -12.85 -3.61 5.19 -7.47 -1.97 -5.41 -3.83 -15.41 3.83 1.60 -1.58 -1.94 -3.14
0.015 30.44 22.41 17.54 17.38 32.56 17.30 17.45 11.56 9.30 16.51 14.61 30.06 -9.70 39.66
0.030 48.72 30.01 32.87 25.49 32.56 17.69 28.38 16.70 15.39 16.76 38.59 33.37 13.39 61.03
0.060 48.09 42.17 34.02 27.63 46.00 27.38 26.36 24.68 25.86 40.70 44.40 36.69 26.14 62.67
0.125 58.41 41.72 36.18 29.52 57.26 42.33 37.51 30.80 24.57 25.80 46.97 24.90 38.50 67.11
0.250 56.11 41.19 39.51 26.55 56.60 46.09 26.95 17.74 24.21 23.80 54.61 43.77 39.93 68.43
0.500 57.02 28.48 34.94 20.04 47.88 28.17 24.43 10.24 20.81 15.63 44.02 35.04 32.96 55.12
1.000 41.74 27.66 31.64 7.66 28.54 14.56 19.16 -2.61 8.53 8.71 24.07 20.72 16.39 41.02
2.000 38.50 16.48 21.84 7.95 25.59 2.82 14.48 5.95 6.81 12.70 40.05 9.86 13.67 40.34
4.000 49.83 32.08 30.45 22.62 52.67 10.03 35.04 14.28 23.81 21.39 40.35 31.20 0.43 55.48
8.000 55.67 42.62 41.81 28.26 52.67 17.45 52.32 22.70 30.39 20.59 42.50 39.18 35.37 59.49

16.000 63.61 53.62 41.81 36.16 59.86 29.70 43.47 25.74 37.86 39.88 53.74 39.85 43.86 68.61
32.000 67.08 55.05 46.13 38.12 59.75 25.08 47.98 36.91 31.18 28.28 43.86 22.54 40.02 71.15
64.000 60.25 46.73 42.76 31.73 55.87 24.51 44.37 34.72 30.32 30.36 51.17 40.87 41.16 64.71

128.000 60.13 44.56 40.09 23.88 51.39 19.39 40.36 31.00 29.53 25.51 43.01 38.40 32.48 58.91
256.000 48.37 33.96 44.37 12.28 41.39 11.26 33.33 17.23 9.35 22.02 40.09 37.44 27.47 45.99

Concentration of 
anidulafungin [mg/L]

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



Fungal damage of C. lusitaniae strains incubated with caspofungin – biofilm
4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243

0.030 13.52 27.24 -7.90 18.33 17.33 6.76 3.80 13.47 1.06 7.21 6.61 9.65 12.07 22.74
0.060 20.39 23.88 -8.43 22.28 11.78 8.18 9.24 18.48 23.14 8.91 11.70 8.62 12.70 27.44
0.125 30.22 51.57 -3.53 24.13 7.17 13.74 13.65 23.40 33.61 10.74 8.71 6.52 18.88 22.21
0.250 30.22 51.57 -3.53 24.13 7.17 13.74 13.65 23.40 33.61 10.74 8.71 6.52 18.88 22.21
0.500 32.75 64.40 24.63 28.48 12.76 7.99 9.69 20.15 29.55 15.10 10.54 5.40 14.74 18.21
1.000 27.47 99.64 99.84 18.33 32.40 -0.81 17.08 2.28 14.99 27.54 49.83 10.68 20.11 34.70
2.000 26.90 100.00 99.82 25.51 27.61 9.23 18.29 4.69 12.33 17.92 42.16 12.20 4.94 37.88
4.000 45.99 100.00 100.00 32.85 46.37 9.27 18.34 15.96 16.13 26.23 36.79 13.86 26.94 43.25
8.000 33.87 98.51 100.00 34.12 42.84 3.99 14.95 12.34 22.38 20.75 29.37 12.62 73.83 44.83

16.000 28.40 100.00 100.00 40.03 39.16 16.03 22.91 22.57 32.45 24.57 32.58 12.62 30.78 52.07
32.000 35.54 99.94 100.00 43.08 49.64 35.68 42.94 34.06 40.18 39.15 34.76 38.12 85.12 53.14
64.000 42.89 100.00 100.00 84.17 74.99 30.83 56.13 51.87 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 77.38 97.74 99.23 100.00 99.69 99.80
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

Concentration of 
caspofungin [mg/L]

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



Fungal damage of C. lusitaniae strains incubated with micafungin – biofilm
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 12.40 20.18 21.45 23.51 36.61 44.59 9.85 44.53
0.125 39.62 26.93 26.93 13.11 43.27 37.47 19.00 31.96 23.52 23.45 37.36 45.04 14.91 45.01
0.250 26.73 32.89 27.44 16.89 51.32 40.41 20.10 36.42 26.05 24.04 43.95 45.35 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 41.35
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 5.87 6.19 11.09 38.57 17.37 87.70 36.57
4.000 33.76 35.82 29.46 20.88 49.69 38.74 27.93 10.94 10.79 7.98 45.94 37.48 89.00 41.30
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 43.57

16.000 35.74 37.51 36.53 21.90 57.01 47.70 37.71 35.01 25.35 24.69 49.71 41.13 92.22 44.28
32.000 32.40 36.38 35.64 26.54 57.26 46.29 41.92 44.79 30.97 25.09 47.67 38.45 81.32 41.91
64.000 41.60 36.13 32.14 35.04 55.31 39.73 33.76 45.36 25.59 23.61 49.41 36.49 82.66 21.06

128.000 29.36 30.37 31.28 32.49 53.13 27.90 25.58 37.38 26.99 16.32 44.21 26.43 84.31 43.33
256.000 24.12 -0.64 16.52 30.25 43.07 21.78 30.11 30.64 12.37 11.96 31.41 17.01 89.41 5.65

Concentration of micafungin 
[mg/L]

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



Fungal damage of C. lusitaniae strains incubated with anidulafungin – planktonic cells
4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243

0.007 2.65 -18.84 1.68 3.21 -12.41 -1.21 -5.41 0.61 -0.39 -0.87 2.91 -4.37 2.14 0.97
0.015 9.90 0.71 16.22 6.25 -7.96 13.39 17.45 4.21 7.02 14.20 18.12 -12.31 11.71 -1.90
0.030 23.49 15.46 26.74 15.05 5.79 22.46 28.38 7.91 11.48 20.91 20.95 58.61 14.81 -2.10
0.060 44.64 36.35 83.18 38.42 48.56 37.81 26.36 17.70 24.17 39.42 53.20 54.48 39.89 53.11
0.125 87.35 92.37 90.57 93.51 96.37 61.08 37.51 77.27 96.37 98.16 81.96 91.69 75.48 96.89
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 24.43 99.41 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 14.48 100.00 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 52.32 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 43.47 100.00 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 47.98 100.00 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 44.37 100.00 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 99.86 100.00 33.33 99.93 99.48 100.00 100.00 97.70 98.57 99.15

Concentration of 
anidulafungin [mg/L]

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



Fungal damage of C. lusitaniae strains incubated with caspofungin – planktonic cells
4245 0640 5094 9949 2588 8850 7892 2885 2732 5278 4241 2923 6936 4243

0.030 45.65 27.24 -7.90 3.60 17.74 14.52 4.29 29.80 5.71 6.04 31.19 6.46 17.59 10.90
0.060 57.90 23.88 -8.43 4.70 21.78 23.58 16.06 75.43 11.41 14.05 27.99 7.23 12.08 13.37
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 51.57 -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 82.47 64.40 24.63 -2.99 21.10 5.70 13.85 98.41 15.29 36.52 26.81 9.88 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 97.61 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

Concentration of 
caspofungin [mg/L]

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



Fungal damage of C. lusitaniae strains incubated with micafungin – planktonic cells
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 17.47 92.37 93.12 97.39 48.29 99.91 99.67
0.125 99.75 80.08 97.67 56.02 98.40 74.00 41.98 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 99.91
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

Concentration of micafungin 
[mg/L]

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



Fungal damage of C.krusei strains incubated with anidulafungin – biofilm
6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708

0.007 -12.08 1.10 -8.99 7.46 1.66 9.72 -3.97 -15.24 -21.07 -14.20 27.93 0.23 0.74
0.015 -1.12 7.99 2.87 8.53 12.16 14.55 18.68 7.10 -2.76 -1.72 44.80 11.69 9.14
0.030 -1.93 25.69 15.69 17.09 14.48 12.86 24.66 0.33 7.05 19.67 42.98 13.72 19.65
0.060 -8.83 26.73 32.82 21.10 20.74 29.75 62.91 19.53 35.33 42.43 80.19 32.22 30.40
0.125 18.29 32.86 52.45 48.56 34.47 52.54 65.32 35.53 87.31 74.83 85.07 63.45 28.13
0.250 49.53 52.60 54.73 57.42 82.36 65.24 95.05 84.53 92.37 82.62 64.40 82.50 45.94
0.500 48.71 40.70 54.79 50.38 82.26 54.67 92.50 79.27 82.50 74.05 69.28 74.90 34.18
1.000 38.63 49.70 48.88 39.39 82.11 50.26 79.31 71.25 75.35 67.65 49.90 53.98 39.90
2.000 34.88 61.01 53.67 57.99 86.50 71.27 69.71 71.82 80.31 72.95 49.47 68.61 42.14
4.000 45.82 63.50 53.78 54.76 89.61 70.74 80.49 70.55 88.17 73.04 77.60 73.50 47.13
8.000 52.31 60.94 61.91 47.91 88.25 73.30 85.29 75.06 83.47 75.98 66.26 75.39 48.03

16.000 57.93 60.77 57.93 40.12 89.69 77.37 87.30 82.04 83.13 89.93 53.20 75.45 57.36
32.000 37.07 66.30 50.53 38.92 89.17 74.27 87.99 80.66 81.47 85.74 64.40 81.63 62.41
64.000 37.12 62.81 55.59 38.85 89.97 72.46 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 70.21 85.54 86.84 83.32 75.38 65.55 80.20 51.72
256.000 46.11 62.60 54.31 27.23 78.91 67.35 84.74 77.66 71.60 68.59 -3.08 68.54 55.15

Concentration of 
anidulafungin [mg/L]

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



Fungal damage of C. krusei strains incubated with caspofungin – biofilm
6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708

0.030 3.69 6.91 -2.71 4.04 4.74 5.23 13.51 4.76 19.87 -3.12 -30.07 -0.05 18.72
0.060 11.82 21.88 51.31 15.51 10.08 16.65 20.04 13.71 22.15 6.15 -3.71 9.04 26.24
0.125 3.63 14.29 61.48 -4.23 26.94 13.84 17.10 17.93 20.69 -6.96 23.30 1.36 35.77
0.250 46.01 13.04 36.83 0.09 8.33 6.22 17.10 17.93 52.46 8.56 -19.31 9.26 35.77
0.500 46.18 55.89 73.72 1.40 37.48 88.36 11.07 24.38 81.60 56.29 88.73 72.84 33.79
1.000 15.71 61.64 47.85 30.44 85.35 88.43 71.74 92.04 85.46 61.96 85.84 70.32 22.36
2.000 58.97 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 72.37 37.72 60.35 93.78 87.23 77.72 84.53 72.14 80.71 51.32 83.64 52.80
8.000 49.47 64.22 32.58 44.15 93.03 79.61 78.85 79.60 77.46 78.22 87.58 80.71 58.24

16.000 84.02 80.48 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 87.72 88.42 92.87 94.09 85.28 90.13 90.13 81.65 100.00 79.83 89.31
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 99.88 99.48 100.00 99.84 100.00 100.00 100.00 100.00 99.89 97.26

Concentration of 
caspofungin [mg/L]

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



Fungal damage of C. krusei strains incubated with micafungin – biofilm
6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708

0.060 45.85 35.01 35.32 12.16 65.51 38.29 31.29 40.32 31.87 87.72 65.22 81.92 16.74
0.125 58.00 58.18 38.74 31.73 77.81 61.09 51.33 58.44 57.44 84.27 67.24 79.93 16.86
0.250 51.88 59.46 41.49 52.38 89.25 54.36 69.05 83.24 74.95 83.41 98.75 80.42 21.38
0.500 36.67 69.37 52.84 29.43 90.52 33.80 73.75 83.62 80.04 85.30 78.07 91.02 31.16
1.000 -6.73 58.12 45.70 29.52 90.38 25.41 77.26 66.20 73.80 70.41 90.60 57.29 18.35
2.000 46.23 70.34 65.80 60.18 92.86 70.16 76.21 79.96 74.25 76.00 23.83 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 47.91 59.96 56.13 58.73 92.51 53.05 75.17 74.28 76.18 85.88 8.14 64.09 47.03

16.000 59.03 69.47 67.42 58.76 95.81 65.42 76.67 84.33 81.11 88.50 91.74 73.00 54.20
32.000 64.25 63.23 67.01 55.51 94.65 64.48 87.56 85.15 81.89 88.64 95.04 61.66 60.25
64.000 60.25 61.33 64.53 69.25 98.72 63.80 73.31 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 77.87 92.60 66.61 67.51
256.000 44.39 66.12 59.37 65.43 94.05 39.33 79.47 87.88 89.86 76.67 92.84 59.98 67.86

Concentration of micafungin 
[mg/L]

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



Fungal damage of C. krusei strains incubated with anidulafungin – planktonic cells
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 -8.37 -6.16 -19.58 -55.60 -2.05 -40.06 3.87
0.015 9.83 20.47 -2.27 -11.51 6.87 3.82 1.59 10.19 -2.54 -26.20 22.06 -20.69 18.85
0.030 11.59 30.95 -0.40 82.20 0.05 98.30 -5.91 11.32 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 5.31 5.76 14.24 3.30 31.97
0.125 71.82 98.22 99.07 99.67 73.32 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 94.41 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

Concentration of 
anidulafungin [mg/L]

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



Fungal damage of C. krusei strains incubated with caspofungin – planktonic cells
6865 12414 9346 9908 7394-2 7824 9200 10226 8657 6892 11154 12841 11708

0.030 21.86 16.30 2.21 6.13 -7.52 14.14 3.92 4.21 10.35 32.41 16.29 5.93 12.41
0.060 39.59 25.02 11.72 35.93 6.95 26.58 23.62 16.86 21.49 30.51 24.44 13.59 29.56
0.125 70.88 98.64 41.23 41.71 5.40 22.97 11.65 7.20 14.91 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 1.91 5.82 2.02 1.53 16.39 -2.02 12.51 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

Concentration of 
caspofungin [mg/L]

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



Fungal damage of C. krusei strains incubated with micafungin – planktonic cells
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

Concentration of micafungin 
[mg/L]

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



Fungal damage of C. guilliermondii strains incubated with anidulafungin – biofilm
99 111 112

0.007 5.85 4.91 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 24.01
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

Concentration of 
anidulafungin [mg/L]

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



Fungal damage of C. guilliermondii strains incubated with caspofungin – biofilm
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 11.91 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 32.43
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

Concentration of 
caspofungin [mg/L]

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



Fungal damage of C. guilliermondii strains incubated with micafungin – biofilm
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 51.41
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

Concentration of micafungin 
[mg/L]

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



Fungal damage of C. guilliermondii strains incubated with anidulafungin – planktonic cells
99 111 112

0.007 5.94 0.61 5.91
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

Concentration of 
anidulafungin [mg/L]

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



Fungal damage of C. guilliermondii strains incubated with caspofungin – planktonic cells
99 111 112

0.030 22.78 2.36 14.80
0.060 33.41 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

Concentration of 
caspofungin [mg/L]

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



Fungal damage of C. guilliermondii strains incubated with micafungin – planktonic cells
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

Concentration of micafungin 
[mg/L]

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