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ABSTRACT

DETERMINATION OF ANTIMICROBIAL SPECTRUM OF K9 TYPE
YEAST KILLER TOXIN AND ITS CELL KILLING ACTIVITY

YENER, Burcu

MSc, Department of Biology
Supervisor: Assoc. Prof. Dr. FatiiGU

July 2006, 99 pages

Some yeast strains secrete extracellular polypeptidestd«iown to have
potential growth inhibitory activity on other sensitiyeast genera but are immune to
their own toxins. These yeast strains are termedllas yeasts and their toxins are
designated as killer proteins or killer toxins. Killereplotypes are classified into 11
typical types (K1-K11). The toxic actions of yeast kil@oteins on sensitive cells
show differences and one of the most important toxioagtinvolves the selective
functional damage by hydrolyzing major cell wall componeBecause mammalian
cells lack a cell wall, novel highly selective antifiats tend to be harmless to people
by targeting important cell wall components specific ungi. We have previously
characterized the K9 type yeast Kkiller protein isolateinfHansenula mrakii This

protein is stable at pH and temperature values appropriate foedisahusage.



Antifungal activity of this protein was tested against®8nan pathogenic
yeast and 9 dermathophyte strains. Pathogenic yeast gtantsto be susceptible
and both the MIC and MFC values ranged from 0.25 to 8 pg/ml exCept
parapsilosis and C guilliermondii isolates. 9 dermatophyte strains were not
susceptible to this protein and MICs were >64 pg/ml. Adiogrto the cell killing
analysis toxin activity starts within the first 4 howmed complete cell death was
observed for the 4, 8 and 16 times the MIC concentratio2gl dtour. The results
obtained from this study might make the potential usehisf firotein possible as a

selective antimycotic agent.

Key words: K9 type yeast killer toxin, antimycotic agenfiman pathogenic
fungi, MIC, MFC



Oz

K9 TP OLDURUCU MAYA PROTEN N N ANT M KROB YAL
ETK S VE HUCRE OLDURME AKTV TES

YENER Burcu

Yuksek Lisans, Biyoloji Bolumui
Tez Yoneticisi: Dog. Dr. FatitzGU

Temmuz 2006, 99 sayfa

Baz maya sdar di er duyarl maya cinslerinin potansiyel buyimelerini
inhibe edici aktivitesi olduw bilinen ekstraseliler polipeptid toksinler salg larlar ve
bu maya sdar kendi toksinlerine immdinddrler. Bu tip mantarlara 6ldiric
mantarlar ve salg lad klar toksinlere olduriicu proteinkeyav 6ldirici toksinler ad
verilmi tir. Oldiriicu fenotipler 11 de ik tip alt nda s nfland r Im lard r (K1-K11).

Bu maya oldartct proteinlerinin hassas hucreler Uzerindeki netkanizmalar
farkl I klar gosterir ve bunlarn en 6nemlilerinden birisie hlcre duvar ndaki
bile enleri hidrolize ederek secici fonksiyonel hasar \ekiin. Mantarlara 6zgu
onemli hiicre duvar bilenlerini hedefleyen yeni ve seciciliyiiksek antifungallar,
memeli hucrelerinin hicre duvar olmad igin insanlara zarars zd rlar.

Laboratuar m zda yaptmz cal malarda Hansenula mrakisu undan izole edilen

Vi



K9 tipi oldurtct toksin tp alannda kullanm i¢in uygun olawaklk ve pH

artlar nda aktivitesini korumaktad r.

K9 tipi oldurict maya proteininin antifungal aktivitesi CL®ktoduna gére
23 insan patojenik maya ve 9 dermatofitistizerinde denenntir. Test edilen bittn
23 insan patojenik maya dar n n bu proteine duyarl oldw ve toksinin MK ve
MFK’lar n n, C. parapsilosisve C. guilliermondiiizolatlar haricinde, 0.25-8 pug/ml
aras nda oldw saptanmtr. Test edilen 9 dermatofit sw tzerinde ise etkisinin
olmad ve MK de erlerinin 64ug/ml’ den fazla oldw bulunmutur. C. krusei
Uzerinde yaplan hiucre oldurme analizi toksin aktivitesiilk 4 saat iginde
balad n ve hicre o6luminin gerceklei zamann ise 4, 8 ve 16 x M
konsantrasyonlar icin 24 saat oldwu ortaya koymuur. Yapt mz bu
cal malardan elde edilen sonuclar bu proteinin secici bir artikikajan olarak

kullan m n mumkin k labilecektir.

Anahtar kelimeler: K9 tipi maya oldurtct proteini, antimikogjan, insan
patojen mantarlar, MK, MFK
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CHAPTER |

INTRODUCTION

The group of microorganisms known as “yeasts” are simpieellular
true fungi and are considered as universal eukaryote modkl. dpelear oval or
spherical in shape and 5-10 um in diameter. Budding or binary
fission is the most common mode of vegetative grawtyeasts and multilateral
budding is a typical reproductive characteristic of ascoroysetyeasts,

including Saccharomyces cerevisidgudding is an asymmetric process

(Figurel.l1.) [1,2].

Though vegetative growth is the major way of yeast reprasyctexual
reproductions an alternative when nutrient supplies fall short. &ljh sexual
reproduction is much less common than asexual reproductioriratuces the
possibility of variation into a population. To achieve séxeproduction it is
necessary to have two mating type haploid nucleard a type) and they must
fuse to form a diploid a/cell, called zygote. That event is followed by the
meiosis which produces four haploid sexual spores (a armdlled ascospores

[3]. Life cycle of a yeash. cerevisiaés shown in Figure 1.2. [4].



Cell division
Age by budding

1 ©
\ Grawth

2®®®

\ Growth

Qo ® o

Figure 1.1. Budding Yeast Cell Division. Mother cell (M) giveserio

daughter (D) cells in an asymmetric process [2].

Among all eukaryotic model organisms, the ye&sccharomyces
cerevisiaes clearly the most ideal and the best understood uaiversdel of a

eukaryotic microorganism for biological studies [3].

rapid growth, a budding pattern resulting in dispersed

cells,

# $ or brewers’
%& '(



Fusion of opposite
mating types
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Figure 1.2. Life Cycle of a Typical Yea§. cerevisiag¢4].



Table 1.1. Yeast History [7].

Chronaology Milestones
6000-2000 BC  Brewing (Sumena, Babylonia)
1660 Yeast under the microscope (van Leeuwenhoek)
1835 Alcoholic fermentation associated with yeast
1837 Mame (5.cargvisiae) created for yeast observad in malt
1838 Sugar as a food source for yeast growth
1857 Fermentation correlated with metabolism (Fasteur)
1876 ‘Eludes sur la levure de bigre' (Pasteur)
1877 Term *enzyme” (in yeast] introduced (Kihne)
1880 Single yeast cells and pure strains for brewing (Hansen)
1883 Aleahal and CO2 by call-free extracts (Buchner)
1915 Production of glyceral
1920 Yeast physiology reviewed
1949 First genetic map (Lindegren); maling fype system
1930-1960 Yeasis' laxonamy by Kluyver
1966 First tRMNA structures from yeast
1978 First ransformation of yeast (Hinnen, Hicks & Fink)
199(- 14594 Firat commercial pharmaceutical products

fram recombinant yeast (Hepalitis B vaccine)
1980-1205 Completion of fhe yeast nename praject

Tablel.2. Industrial Uses of Yeasts and Yeast Products [8].

Production of yeast cells Baker's yeast for bread making
Dried food yeast for food
supplements
Dried feed yeast for animal

feeds

Yeast products Yeast extract for culture media
B Vitamins, vitamin D
Enzymes for food industry,
invertase, galactosidase
Biochemicals for research,
ATE MNAD*, RMNA

Fermentation products from yeast Ethanol for industrial alcohol
Glycerol
Beverage alcohol Beer
Wine
Distilled beverages Whiskey
Brandy
Vodka
Rurm




Yeasts can be considered man’s oldest industrial micrasrgarrhe
unique properties of the yeaSt,cerevisiagcamong some 700 yeast species and
its enormous hidden potential which has been exploited for rtteousands of
years, made it a preferremganism also for research. Moreovgtr, cerevisiae
and other yeasts yielded a vast majorityinofustrial and medical applications
beneficial to human life. The desired products of yeasts edteer cells
themselves that are cultured, the cell components ornthiepeducts that are

produced during alcoholic fermentation [8].

Large-scale fermentation by yeasts is responsible &mpthduction of
ethanol for industrial purposes, but yeast is better knawnit§ role in the
manufacture of alcoholic beverages including beer, wine, aqdorg by
fermenting sugars from rice, wheat, barley, and corn. Bess®,industrial
usage of yeast cells includes bread making, food supplemems| &ed, and
glycerol production, enzyme production such as invertasestgaidase, vitamin
production including vitamin B and D. Yeasts are also usednsixely in
environmental technologies such as bioremediation, wasteation, crop

protection, biosorption of metals [9].

Moreover S. cerevisiaeand other yeast protein expression systems are
used for the production of many industrially relevant emzy and are widely
used by the research community to produce therapeutics tivaitdze actively
expressed irEscherichia colior require glycosylation for proper folding and
biological activity [10]. For example, the gene for human riaten and
hormones such as parathyroid hormone and somatostatnbleawn cloned and

expressed in yeast [11,12].

Antifungal proteins are produced by many organisms includingebagc
fungi, insects, vertebrates and invertebrates as well atss pla 1963, Bevan and
Makower discovered the killer phenomenon [K+] in labamatstrains of S.
cerevisiaewhich were isolated as a brewery contaminant [13]. Sdraés of

Saccharomycesnd other genera under certain conditions extrude into the

5



medium some polypeptide toxins known as killer toxins, rkifleoteins or killer
factors. These extracellular polypeptide toxins are knowrhawee potential
growth inhibitory activity on other sensitive yeast ggenbut are immune to their
own toxins. This phenotype of toxin specific insensivity termed as self-
immunity [14]. Yeast strains which secrete these polygepiroteins are termed
as killer yeasts. Also Kkiller toxins of certain yeastins have potential growth
inhibitory effects on gram positive pathogenic bactar@udingStaphylococcus
aureus[15] and plant pathogenic fungi [16]. The role and function efsé¢h
toxins in natural yeast communities is uncertain. Isuggested that the Kkiller
phenomenon is a potential mechanism for interferexarapetition, where the
production of toxic compounds prevents a competitor fromirgpiaccess to
resources [17, 18]. When mycogenic yeasts are present ialcatmmunities, a
single killer strain usually predominatéSnetic studies have shown that a killer

strain can predominaie@ a mixed culture with a sensitive yeast strain [19].

Killer toxins have certain properties in common; theg proteinaceous
substances, in general have low pH optima and are usualljivaiad at
elevated temperature [17Besides these common characteristics, the killer
toxins differ between species or strains, showing divenseacteristics in terms
of structural genes, molecular size, mature structure and iitymufhe

mechanisms of recognizing and killing sensitive celledifbr each toxin [20].

The production of cytotoxic proteins (killer toxins) is veidespread
phenomenon among a great variety of yeast genera and spadigsing
Saccharomyces, Candida, Cryptococcus, Debaryomyces, Hansenula,
Kluyveromyces, Ustilago, Williopsis, Hanseniasp@mad Zygosaccharomyces
[21-24]. These Kkiller yeast species of different genera hbhat been isolated
differ in their toxic compounds, in pH optima, temperature ktaband
sensitivity to proteolytic enzymg47]. Studies on the nature of the killer factor
produced bySaccharomyceblave shown that this protein has a highly specific
action spectrum and is dependent on specific pH, temperaturea@ration

conditions [25].



Young and Yagiu (1978) recognized 10 distinct groups (K1-K10) with
respect to cross-killing and immunity interactions amdiilgr strains of the
genera [17]This biochemical distinction was shown by analysishef éffects of
proteolytic enzymes, temperature and pH on Kkiller activaiyd by gel
chromatography of crude preparations of killer factorss&Hagller strains which
include the three strains &accharomycegenus (K1, K2, K3) are shown in
Table 1.3. with their proteins. K11 type yeast killer prot&olated from
Torulopsis glabratavas introduced by Wickner in 1975 to the Young and Yagiu

classification [26].

Table 1.3. Killer Yeasts and Their Protein Toxins [17].

Killer Protein Producing Strain Classification
Saccharomyces cerevisiae* K1
Saccharomyces cerevisiae* K2
Saccharomyces capensis K3
Candida glabrata K4
Pichia anomala K5
Kluyveromyces fragilis K6
Candida valida K7
Hansenula anomala K8
Hansenula mrakii K9
Kluyveromyces drosophilarum K10
Torulopsis glabrata K11

*The K1 phenotype belongs to the laboratory strainsSo€erevisiaeand wild type
strains of the species, while K2 has been found almost exdysamong fermentation

contaminants and is capable of killing K1 killers.



Table 1.4. Nomenclature Used for Killer Phenotypes [14].

Phenotype

Properties

Ki"R"1

Strains producing killer protein, immune to it 3

sensitive to types K2 and K3.

and

K R Neutral phenotype; strains do not produce Killer
protein and immune to it.

Ki"™" Ry “Super killer” phenotype; strains producing mpre
active or more stable Kdller protein.

Ki Ry “Suicidal” phenotpye; strains producing Kkiller
protein and exhibiting a decreased immunity to tpye K1

K'R Sensitive strains not producing killer protein.

1.1. Genetic Basis of Killer System

Yeast is a simple single-cell eukaryotic organism thadresh many

characteristics with higher eukaryotic cells [9]. Therefthe complete sequence

of yeast genome has proved to be extremely useful aerenmeé towards the

sequences of human and other higher eukaryotic genes. Thevidasghich

yeast can be manipulated genetically, coupled with its obwvralisstrial uses,

has made this a favored system for studying gene regulkexernts, and much

progress has been made since the advent of recombinantt&ifAology and

the development of a transformation system for y@adhe late 1970s. The

genomes of yeasts have been the subject of intenseigatiess during the last

three decades. Even the largest yeast chromosomes areenof magnitude

smaller than human chromosomes and therefore providplesimodels for

investigating both chromosome structure and function.



In April 1996 the genome sequence Siterevisiaewas finished and
published together with extensive bioinformatic evaluationd apeculative
evolutionary implications. This unique collaboration of 0800 scientists from
100 laboratories in Europe, USA, Japan and Canada revealedstheofplete
set of DNA information from a eukaryotic organism [27heTmost widely
investigated yeas§accharomyces cerevisasontains 16 haploid chromosomes
ranging in size from 200 to 2,200 kb. Pulsed- field gel electropkohes been
used to separate chromosomesSatcharomyces cerevisag size [28]. Each
chromosome contains multiple origins of replication, ttabomeres and a
centromere, and is in the form of chromatin in theleus: The total sequence of
chromosomal DNA constitutes approximately 14 000 kb. Approxim&@@¥o of
the genes already have been characterized experime@thlye remaining 70%
with unknown function, approximately one half either eamta motif of a
characterized class of proteins or correspond to gemaslieg proteins that are
structurally related to functionally characterized gene prsdfrom yeast or

from other organisms [29,30].

In addition; the 2m circle plasmids, present in most strains of
Saccharomyces cerevisiapparently function solely for their own replication. |
was first discovered by electron microscopy, and wasedafar its contour

length and closed circular conformation asn2circles [31].

The killer character is genetically complex phenomeniecesit depends
on both on cytoplasmic factors and several chromosgeras. Many types of
killer toxins have been reported and their genomes wengpeda either on
cytoplasmically inherited encapsulated double-stranded RNAses, linear

double-stranded DNA plasmids or on chromosomal genes [32-34].



1.1.1. ds RNA Virus Based Yeast Killer Systems

In cooperation with nuclear genes the killer phenomesdmaught about
by dsRNA molecules. The dsRNA molecules are closed in-likeisparticles
(VLPs) thus termed as$accharomycesirus (ScV) [14,35,36]. These yeast
dsRNA viruses are considered as non-infectious because ihemdt an
identified route of natural transmission. They are vdlyicakansmitted and
transmission occurs only by cytoplasmic mixing during buddingjnmair by
cell fusion and thus behaves as cytoplasmically genédtimenmt [37]. The
occurrence of a virus like particle in the cytoplasm dng tthe secretion of a
virally coded protein toxin, gives the cell its killerazhcter. The strains lacking
the virus are sensitive to the toxins produced by the harpstrains which are

immune to their own killer factors [36].

There are five families of double stranded RNA in sgaiof
Saccharomyces cerevisidesignated as L-A, L-BC, T, W and M, three of which
(L-A, L-BC and M) are packaged separately by a commommeapsid protein
into virus like particle of the mycovirus. All show ndfendelian inheritance
[38].

Production of the killer toxin and immunity to the honguas protein
are encoded by MdsRNAs. The variance of M called M1, M2, M3,encodes
different extracellular toxins and immunity to the respectkiller protein.
M1dsRNA, M2dsRNA and M3dsRNA encode toxin proteins for the K2 ,aKkd
K3 killer systems respectively [38]. The replication lué MdsRNA is dependent
on a larger dsRNA called L-dsRNA which is comprised ob twnrelated
families of molecules called L-A and L-BC family [39,40].ALencodes the
major coat protein of the VLPs in which both LdsRNAdaRdsRNA are
encapsulated. It is not clear whether L-BC dsRNAs hawyefanctional relation

to killer phenomena since some Killer strains laeRC entirely [40-42].
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1.1.1. a. Synthesis, Processing and Secretion of the Killeng oxi

Among the virally encoded killer toxins &f cerevisia&k1l and K28 are
the most studied proteins in terms of their production awmleton. Although
both toxins differ significantly in their amino acid compios and their
molecular mode of action, they are homologous with resjeetiteir synthesis,
processing and secretion [36]. Most killer toxins have bskown to be
produced from preprotoxins (pptox) through enzymatic processingnd Kasg
toxins are both encoded by ds RNA viruses and informatiothé synthesis of
the killer protein is stored in MdsRNA. Preprotoxin icre¢ed as a molecule
consisting of two distinct disulfide bonded subunits, term¢@.5 kD) and (9.0
kD). The and domains flank a segment called, which is not a part of the
mature toxin and assumed to be the immunity determinant [43-45

The protein precursor enters the yeast endoplasmic teticuib a highly
hydrophobic N-terminal secretion signal. Than, undergoes osttational
modifications within the endoplasmic reticulum, and thegigobmplex until it is

finally secreted as maturé heterodimeric protein toxin [36].

Two gene loci KEX1 and KEX2 were identified when the mutaft&1
and K28 killers that failed to secrete the active tdxah remain immune to the
toxin are studied [44]. The gene product of KEX2, Kex2p, is like an
endoprotease which preferentially cleaves the proregimh @moves the
intramolecular sequence, while Kexlp is a serine carboxypeptidase that
removes the C-terminal basic dipeptide of thesubunit exposed by Kex2p
action [44,46].

Kex2p/Kexlp mediated preprotoxin processing removes the N-
glycosylated sequence, trims the carboxy terminus aind finally results in
the secretion of 21 kDa/ heterodimeric protein toxin whoseand subunits

are covalently linked through a single disulfide bond [47].
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Secretion pathway of K28 is shown in Figure 1.3. and proces$iKgd

type yeast killer toxin is shown in Figure 1.4.
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Figure 1.3. Secretory Pathway of Killer Toxin K283ncerevisiag36].
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Figure 1.4. Structure and Processing of the K1 Type Yeast Kidgin
[21].

1.1.2. Linear ds DNA Plasmid Based Killer Systems

Cytoplasmically localized linear yeast elements haven iea@ated from

numerious genera such aBebaryomyces, Wingea, Kluyveromycasd

SaccharomycesThe killer toxins differ from the toxin produced by dsRNA

mediated killer yeast . cerevisiaen molecular weight, mechanism of killing

action and killing spectrum against various yeasts [35].

Kluyveromyces lactikiller system showed that production of the toxin

was dependent on the presence of two linear dsDNA plasuhid$ have been
termed k1 (Pgkll) and k2(Pgkl2) respectively. The smaller pthshgkil
encodes the killer and resistance characteristics, evasrthe larger plasmid
Pgkl2 is likely to be necessary for replication and teaance of the linear
plasmidg[33,34,48,49].
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1.1.3. Chromosomally Encoded Yeast Killer Systems

There is no evidence available to indicate that killaracter expressed
by strains ofWilliopsis, Pichia, Candida, Debaryomycesd Torulopsis are
associated with ds RNA viruses or ds DNA plasmids. Simeretis no evidence
for other systems, the killer character in these geastassumed to be

chromosomally inherited.

Two new Killer activities were discovered in 1990 by Gdtale which
were weaker than known killer strains’ activities. iflgenes were found to be
encoded on chromosomal DNA $f cerevisiaeOne gene designated KHR was
encoded on chromosome IX and another one designated a®iKetBomosome
V [36,50].

The HMK gene, encoding a killer toxin é¢fansenula mrakiiand the
HSK gene encoding a killer toxin éfansenula saturnubave been purified by
Yamamoto et al. and Ohta et al., respectively. The tozinthese two genes
show higher thermostability and wider pH stability thatmeo killer toxins
[51,52].

The genetic basis for the expression of killer proteindifierent killer

yeast strains is given in Table 1.5.

Table 1.5. Genetic Basis of Killer Phenotype Expressioneasy[34].

Killer Yeasts Genetic Basis
Saccharomyces cerevisiae ds RNA virus
Hansenula uvarum ds RNA virus
Zygosaccharomyces balilii ds RNA virus
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Ustilago maydis ds RNA virus
Kluyveromyces lactis Linear ds DNA plasmid
Pichia acaciae Linear ds DNA plasmid
Pichia inositovora Linear ds DNA plasmid
Pichia kluyveri Chromosomal
Pichia farinosa Chromosomal
Pichia anomala Chromosomal
Williopsis mrakii Chromosomal

1.2.Mode of Action of the Yeast Killer Proteins

The biological action of the killer toxins is consideredconsist of two
step receptor-mediated process. The first step involveast @nd energy-
independent binding to a toxin receptor within the cell whkh sensitive target
cell. The second energy dependent step involves the toxisidcation to the
cytoplasmic membrane and interaction with a secondanglrane receptor that
leads to lethal effects [53-56].

-Glucan is one of the major components of the yeastwadl and is
divided into two categories; (1-3}D-linked glucan and (1-6)-D-linked
glucan. Both types of-Glucan, chitin and mannoproteins of the cell wall have

been proposed as primary receptors of killer toxins [53-58].

The -1,6-D-glucans are primary receptors ftainseniaspora uvarun®.
cerevisiae K1 and K2 Kkiller toxins, Debaryomyces hansemand Pichia
membranifacienskiller toxins. -1,3-D-glucans are involved as primary
receptors of Hansenula mrakii Mannoproteins are receptors for
Zygosaccharomyces baikiller toxin and KT28 ofS. cerevisiagand chitin has

been described as cell wall receptorKawyveromyces lactiandPichia acaciae

15



killer toxins. Thus, any of the principal components of tHeveall could be the

primary receptor for a killer toxin [54,55,59-61].

Binding of K1 killer toxin to -1,6-D-glucan of the cell wall is the initial
step for the action of this toxin. K1 toxin is known tousa ion channel
formation which leads to produce uncontrolled leakage tdsgaum, protons,
ATP and other small molecules from target cells and algsty the pH gradient

of membrane leading to cell death [62].

The killer toxin of K28 ofS. cerevisiaas different from known Kkiller
toxins, although resembles the K2 type. The receptors ofK2te are the
mannoproteins of the cell wall. K28 causes cell cyclesayrapparently in the G2
phase, and leading to non-separation of mother and daughterk28 toxin
irreversibly blocks DNA synthesis [61,63].

Another mode of action of killer toxin is seenKiuyveromyces lactis;
which the toxin acts by arresting the sensitive cll&1 phase of the cell cycle
and leads to loss of viability. The interaction of Kiker toxin with the cell wall
chitin is the first step in toxin action and then the rioisi internalized into the
cell. Finally, the toxin causes G1 arrest and cells dodnatle although they

complete their cell cycles [64].

The toxin fromPichia kluyvericauses ion-channel formation that leads to
sudden K and ATP leakage. These channels are relatively newstsa for
common physiological cations and anions. The toxin-inducednelsarwould
cause a ‘leak pathway’ for major ions such dsukd H and dissipate the normal
ionic gradients across the plasma membrane. Finally,e thesin induced

channels result in sudden cell death [65].

16



K5 type yeast killer toxin produced h¥ichia anomalainhibits the
growth of sensitive microbial cells by hydrolyzing thejonaell wall component

-1,3-glucan residues which results in cell burst [66].

Another toxin that interacts with the-1,3-glucans of the cell wall of
fungal cells is the HM1 toxin dHansenula mrakiiHM1 has been shown to
inhibit the synthesis of -1,3-glucans in vivo and in vitro resulting in pore
formation, leakage of material and eventual cell deathinglubudding or
responding to mating factor. Two genesSofcerevisiaghat confer sensitivity to
HM1 are KNR4 and RHK1 which are involved in synthesis df, 3-glucan.
Disruption of KNR4 resulted in HM1 resistance and in a reddevel of -1, 3-
glucan synthase. In contrast over expression of RHKleoadf HM1 resistance
and increased the-1,3-glucan content in the cell wall fraction . The dedigna
RHK1 indicates that mutants are resistant to the HNlldr koxin from the yeast
Hansenula mrakji possibly due to defective glycosylation of the toxin remept
[67-71].

1.3. Toxin immunity

The killer cell is effectively protected against itsrotoxin. Although the
precise molecular basis for toxin immunity is still unkmo there are studies
showing that the unprocessed toxin precursor is suffiaienbmfer immunity in
K1 and K28 strains [72].

A model was proposed in 1986 in which it was speculated theither
alone or as part of a larger immunity determinant, woualgract with the
receptor during secretion, rendering it inaccessible or unreaigei to
exogenous . Then it was shown that secretion ofused to just an N-terminal
fragment of component of the toxin was sufficient to confer immumdasy the
host cells [73].
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On the other hand, for the K28 toxin a very different me@m should
be postulated because of its entering back into the hostftellsecretion. The
toxin re-enters the secretory pathway of a killet aetl reaches the cytosol, just
as in a sensitive target cell. However the host iselhot killed but rather
protected against the toxin effect. So, K28 immunity shouldkveither within

the yeast cytosol or eventually within the nucleus [36].

1.4. Applications of yeast killer phenomenon

Several potential applications for the killer phenommenimave been
suggested since it was determined and studied. In fermentatiostries, the
killer character can be used to combat wild, contaminafiagcharomyces
strains [74]. In the food industry, killgreasts have been proposed to control
spoilage yeasts in the preservatibriood [75]. In the medical field, killer yeasts
have beensed in the biotyping of pathogenic yeasts [76], andillee toxins of
Pichia anomalg[77,78], andHansenula mraki[67,79] have been proposed as
antimycoticagents. Also they are used in fundamental research forirsgudy

protein processing and secretion, and recombinant DNA dghn

1.4.1. Food and fermentation industry

The biological control of the undesirable yeasts in thadyction and
storage of various foods can be achieved by means df ggases that produce
yeast killer toxins. In wine making, killer yeasts belongiodS. cerevisiaare
currently used to initiate wine fermentation as stasigains to improve the
proces®f wine making and wine quality [74,79,80]. However, the riai of
the killer toxin of S. cerevisiaewine yeast (K2 type)esides in its narrow
antiyeast spectrum which, being restrictedsensitiveSaccharomycestrains,
does not affect wild yeastssuch as those belonging to the genera
Hanseniaspora/Kloeckera&ichia, and SaccharomycodesStable double killer

wine yeast strains have been generated by gene replaceciemblogy. They
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exhibit a significantly broader killing activity and ateus capable of competing
potentially contaminating yeasts likéandida, Hanseniaspora, Kloeckegad

Pichiain mixed culture [81].

Several ecological studies have clearly demonstratédptizulate yeasts
(Hanseniaspora/Kloeckeyaredominate on grape surfaces and in freshly pressed
juice. Thecontrol of the growth of apiculate yeasts in a noristemvironment
such as grape must is generally carried out by sulfur diodioever, several
institutions, such as the World Health Organizasiod the European Economic
Community, have highlighted the netdreduce the use of this antimicrobial
agent in food productsecause of its toxicity. In this context, the use of @il
toxin as a control agent for apiculate yeasts in théeprnentativestage and
during the fermentation of grape must be encourageorder to reduce or
eliminate the use of S$0[82,83]. For exampleBotrytis cinereawhich is
responsible for the infections in citrus and apple wasfaistd to be susceptible

to the killer toxin ofP. anomald84].

1.4.2. Transgenic plants for expression of killer toxin

Plants are also exposed to a large number of pathogenic foegifore,
transgenic plants, which are capable of producing polypeptd¢sate toxic to
disease causing pathogens, are being constructed for the impraveri

pathogen resistance in crop plants [36].

The killer toxin which is naturally produced and secreted vibus
infected strains of the fungal pathogen maydishas been shown to be an
attractive and uniqgue model for the introducing of the furrgalstance into
tobacco plants [85-87Ustilago species are known as crop pathogens, including
pathogens of maize, wheat, oats, and batstilagokiller toxins appear to have
a mode of action similar to that of tBaccharomyces cerevisiéler toxin Kil,
which introduces new ion channels in cellular membr§®&s The UmV toxins

of U. maydisare particularly attractive as biological control agdmcause they
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have no known effects on plant or animal cells, pre®lynbecause specific
receptor proteins are required for toxin binding and actid8)].[ These virally
encoded yeast toxins in crop plants may be a novel gyrai® engineer
biological control of fungal pathogens.

1.4.3. Heterologous protein secretion

The production of a functional protein is intimately tethto the cellular
machinery of the organism producing the prot&ncolihas been the “factory”
of choice for the expression of many proteins becauggeiteme has been fully
mapped and the organism is easy to handle; grows rapidly; regaire
inexpensive, easy-to-prepare medium for growth; and secretésnpinto the
medium which facilitates recovery of the protein. HoweVér coli is a
prokaryote and lacks intracellular organelles, such agrdeplasmic reticulum
and the golgi apparatus that are present in eukaryotes, af@aesponsible for
modifications of the proteins being produced. Many eukaryotitemis can be
produced irE. coli but are produced in a nonfunctional, unfinished form, since
glycosylation or post-translational modifications do notcur. Therefore,
researchers have recently turned to eukaryotic yeastrammalian expression
systems for protein production. Some unicellular eukarystesh as yeasts
including Saccharomyces cerevisiae, Pichia pastoris, Yaravia lipolytica,
Hansenula polymorpha, Kluyveromyces laetnl Schizosaccharomyces pompe

have become attractive hosts for the expression afdhegeus proteins [90,91].

Kluyveromyces lactibas recently become an attractive microbial host for
the expression of foreign genes and protein secrétionseveral reasons,
including (i) its food grade status, sinkelactis is present in various milk
products it is accepted d6&RAS" (generally recognized as safe); (i) its
excellent fermentatiocharacteristics; (iii) the existence of both episorziadl
integrative vectors; and (iv) its ability to secretghhmolecular-weighproteins
[90,92,93].
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Bacterial xylanase which is used in the paper manufagtundustry is
expressed and secretedKinlactis using a secretion signal derived from the pro

region of theK. lactiskiller toxin [94].

An increasing number of pharmaceutically important secregpoojeins
such as mouse -amylase, human antithrombin 1l or placental alkaline
phosphatase have been expressed as extracellular proteinmdyamologous
secretion signals derived from plasmid driven yeastrkitein of K. lactis
[36,95,96].

Since the proteins produced i pastorisare typically folded correctly
and secreted into the medium, the fermentation of gergtieagineeredP.
pastoris provides an excellent alternative & coli expression systems. A
number of proteins have been produced using this system, inclueiagus

toxin fragment, human serum albumin and lysozyme [97-99].

1.4.4. Medical applications of killer toxins

Humans and other animals are exposedumgi from the moment of
birth. Fortunately, only 200 or so specas pathogenic to mammals, although
many nonpathogenic fungi cauakergy symptoms [100]. During the last two
decades, the incidencef human fungal infections, especially involving
population of immunocompromised patients due to intensivemotherapy,
immunosuppressive drugs and HIV, has dramatically increased-1[iZ]1
Human fungal infections in Europe and large parts of the wasdduncommon
in normally healthy persons, being confined to conditisnsh as candidiasis
(thrush) and dermatophyte skin infections such as athietet. However, in the
immunocompromised host, a variety of normally mild or ntimpgenic fungi
can cause potentially fatal infections. However patients with compromised

immune systems, infections evenfbggal organisms with low virulence can be
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life threatening; forexample, systemic fungal infections of leukemia patients
accounfor 50% of fatalities [103-104].

It is ironic thatmany of these patients succumb to fungal infections for
whichthere are few or no drugs available for treatment. Encowglygnaturally
occurring antifungal proteins and peptides, as agekynthetic derivatives, have

the potential to be very interestiokinicalleads.

Fungal infections or mycoses are classified depending odefeee of

tissue involvement and mode of entry into the host. §laes:

Superficial- localised to the skin, the hair, and the nails.
Subcutaneous infection confined to the dermis, subcutaneous tissue or
adjacent structures.

Systemic- deep infections of the internal organs.

1.4.4.a. Superficial Mycoses

In superficial mycoses, infection is localised to thenskie hair, and the
nails. An example is "ringworm" or "tinea", an infection thfle skin by a
dermatophyte. Ringworm refers to the characteristid¢raenlearing that often
occurs in dermatophyte infections of the skin. Dermattpimembers of the
generaTlrycophyton, Microsporunand Epidermophytorare responsible for the
disease. Tinea can infect various sites of the body, imguthe scalp (tinea
capitis), the beard (tinea barbae), the foot (tinea pedlistete's foot"), the nails
(tinea unguium) and the groin (tinea cruris-caused Hpidermophyton
floccosum [105-107]. Dermathophytes that are involved in the supdrficia

infections and related diseases are given in Figure 1.5. [105].
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Candida albicangs a yeast causing candidiasis or "thrush" in humans.
As a superficial mycoses, candidiasis typically infebis mouth or vaginaC.
albicansis part of the normal flora of the vagina and gastretirtal tract and is
termed a "commensal'. However, during times of ill headth impaired
immunity, the balance can alter and the organism multipesause disease.
Antibiotic treatment can also alter the normal baatdlora allowingC. albicans
to flourish [108].

Figure 1.5. Examples for Superficial Infections and Causative Agents

A) Tinea capitis caused byrichophyton verrucosum, Trichophyton
tonsuransandMicrosporum audouinii

B) Tinea pedis caused byrichophyton rubrumand Trichophyton
mentagrophytes

C) Tinea barbae caused bsichophyton verrucosum

These infections are initially treated with topicaltimngal agents such

as azoles or allylamines since they infect the datesr of the skin [109].
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1.4.4.b. Subcutaneous Mycoses

These are infections confined to the dermis, subcutanessise tor
adjacent structures. Infection may arise following the wogof the skin and
the introduction of vegetable matter. These mycosesram® and confined
mainly to tropical regions. They tend to be slow in os®t chronic in duration.
An example is sporotrichosis caused $porothrix schencki[110]. Infection
usually follows an insect bite, thorn prick or scratotnf a fish spine. Certain
occupation groups appear to have increased risk from ioffedthese include

florists, farm workers and others who handle hay and moss.

1.4.4.c. Systemic Mycoses

These are invasive infections of the internal orgesith the organism
gaining entry by the lungs, gastrointestinal tract or uhhointravenous lines.
They may be caused by: (i) primary pathogenic fungi or (ii)opportunistic
fungi that are of marginal pathogenicity but can infeet ithmunocompromised

host.

Primary Pathogenic Fungi: Infection occurs in previously healthy
persons and arises through the respiratory route. Exampletide

histoplasmosis, blastomycosis, coccidiomycosis and panda@mbamycosis.

Opportunistic Fungi: In that of diseases, patients usually have some
serious immune or metabolic defect, or have undergone surdgeeydifeases

include aspergillosis, systemic candidosis and cryptococfl3is.
Asperqillosis: This is the name given to a number of different diseases

caused by the mouldspergillus A. fumigatusis the most common species

causing disease. The organism can infect the lungs, innesirmages and, rarely,
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the eye of previously healthy persons. In the immunosuppressst
Aspergilluscan disseminate throughout the body [111].

Candidosis: In  severely immunocompromised patients (e.g. those
receiving chemotherapyj. albicans that is part of the normal human flora, can

proliferate and disseminate throughout the body [112].

Cryptococcosis This is a systemic infection caused by the yeast

Cryptococcus neoformanghe most common manifestation is a subacute or
chronic form of meningitis resulting from the inhalatiafi the organism.
Pulmonary infection can also occur. The disease affeoth healthy and

immunosuppressed individuals [113].

Non-Candida  albicans isolates are now  emerging in
immunocompromised or hospitalized patier@andida species are the fourth
most common pathogens isolated from blood cultures andutinéaer of non-
Candida albicangNAC) with decreased susceptibility to anti-fungal agents is
also increasing. These emerging pathogens inclddedida parapsilosis,
Candida glabrata, Candida krusei, Candida guilliermonaid Candida keyfr
[114]. Most of these pathogens are resistant to the ctonelly used antifungal
drugs which contribute to the arising incidence of relatef@ctions. Also
mucosal colonization of the pathogeriandida species induces the risk of

systemic candiasis [105].

The emergence and rapid dissemination of infectious agesistanto
antibiotic treatments have emphasized the need fomatiee chemotherapies
[115]. Among the new antimicrobial molecules underestigation, specific
yeast killer toxins represent promisiegndidates because they display wide
spectra of activity [116,117]. Especially toxins of the geidassenulaPichia,
and Kluyveromycesbecause of their broad spectrum of killagtivity, have
been proposed as the basis for novel therapsinsitegies to treat human and

animal insidious infectious diseases [16,79,118,119]. Also some kiast
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strains have potential growth inhibitory activity onagr-positive pathogenic
bacteria such aStreptococcus pyogenes, Bacillus subtilis, Sarcina |ate@

Staphylococcus aure(i$5].

The antimycotics which are currently used in the therap fungal
infections can be grouped into three classes based orsiteedf action: azoles,
which inhibit the synthesis of ergosterol (the maimdal sterol) such as
Flucanazole and Ketaconazole; polyenes, which interdhbt fsmgal membrane
sterols physicochemically such as Nystatin and amphoteri8i and
antimetabolite fungal drugs such as 5-fluorocytosine, which tshilmth DNA
and RNA synthesis [120]. The increased use of these antifaggats in recent
years has resulted in the development of resistandbese drugs and these
resistances spread rapidly among other microorganisms \arecpathogenic to

man and cause problems in the therapy of those pathfid&tis

Yeast and fungal cell wall components represent atteatdirgets, since
these structures are usually restricted to yeasts and figiggrand do not occur
in mammalian cells. Three basic constituents repregentmajor cell wall
polysaccharidesf the fungal cell: (i) branched polymers of glucose conighi
1,3 andF-1,6 linkages f-glucans); (i) unbranched polymedé N-acetyl-D-
glucosamine (GIcNAc) containing1,4 bonds (chitin)and (iii) polymers of
mannose (mannan) covalently associated prtlieins (glyco[manno]proteins).
The outer cell wall of dermatophytes contains glycopeptidgismhay evoke both
immediate and delayed cutaneous hypersensitivity and thagic chitin and
glucan as major cell wall polysaccharides [1Zhce the cell wall components
was shown to act as the primary binding site and cell reaeptor for the
different yeast killer toxins, antifungal research isrently focusing on the

possible use of yeast killer toxins as novel antifunfs123].
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1.5. K9 Type Yeast Killer Protein

K9 type yeast killer protein is produced byansenula mrakii
(reclassified asVilliopsis mraki) [125] NCYC 500 according to the Young and
Yagiu classification.

Figure 1.7Hansenula mrakiCells on YEPD Agar Medium.

Hansenula mrakiis a fungi belonging to the phylurAscomycotaclass;
Saccharomycetes order; Saccharomycetales family; Saccharomycetaceae

generaHansenulaand speciesnrakii [126].

Spore-formingascomycetous yeasts of the geniehia and Williopsis
displayed théroadest range of activity against sensitive strainSaofdida spp
andSaccharomyces cerevisia#illiopsis mrakii(NCYC 500) showed extensive

anti-Candidaactivity against strains isolated from clinical spesi®s [79].
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The proteinaceous killer toxin oH. mrakii have a wide-range
intergeneric killing spectrum with relatively high stalyilagainst heat and it is
unaffected over a wide range of pH changes, contrasting vast af the killer
toxins. Consistent with the previous data on yeast killer tokits46] it was
shown that the production of the K9 type yeast killer towias pH and

temperature dependent [127].

K9 type yeast killer protein was purified and characterimeterms of its
biochemical properties for large scale production in ourr&boy. It has a
molecular weight of 46 kDa. This value is in the range bewotknown killer
proteins’ molecular masses. The isoelectric point wasdd.8which showed
that the K9 type killer protein is an acidic protein. sTtesult was consistent with
the data that with one exception all identified killeoteins are also acidic, as
expected because of their acidic habitat that they live Time optimum
temperature and pH condition for the production of the K9 tifker protein
was found to be around 18 °C and pH 4.5. Mode of action of thiyp€yeast
killer protein was also studied previously in our laboratditye action of toxin
on laminarin which is mainly composed ofl,3- glucans showed that K9 type
killer protein exerts hydrolytic activity on the-1,3-glucans because of the
presence of glucose release. This indicates that the éxerts its lethal affect
by hydrolyzing -1,3- glucan residues of the cell wall of sensitive fung#t ce
and causes loss of cell wall rigidity which leads to dethith due to the osmotic

pressure [127].

Cell killing activity of the K9 type yeast killer proteion sensitive cells
highlighted the potential use of this protein as a higlligctive antifungal agent
since its hydrolytic activity is specific to the fungall wall and does not affect
the host cells in terms of side affects. Also higlbita of the K9 type toxin at
pH values between 3-5.5 and temperatures up to 37 °C make itssugage in

medical and industrial biotechnology.
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This study deals with this potential antimycotic agemattmay be
exploited for medical application as an antifungal agent withappropriate
formulation. The purpose of this study is: (i) to detemmitne antifungal
spectrum of the purified K9 type yeast killer toxin on #teins of the genus
Candidaand dermatophytes (ii) to examine the MiGhe MIC at which 50% of
the strains tested were inhibited) and MiJ(the MIC at which 100% of the
strains tested were inhibited) values of the toxin {@igxamine the value of the
Minimum Fungicidal Concentration (MFC) endpoints as &erahtive means of
detecting the fungicidal activity of K9 type yeast killer toxor different
Candidaspecies and dermathophytes and (iv) to evaluate theiltey &ctivity
of the K9 type yeast killer toxin ddandida kruseATCC 6258 isolate.
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CHAPTER Il

MATERIALS AND METHODS

2. 1. MATERIALS

2.1.1. Fungal Strains

The Kkiller yeast strains used weransenula mrakiNCYC 500 from
National Collection of Yeast Cultures (NCYC), UK. a® tK9 type killer toxin
producing strain an@accharomyces cerevisiddCYC 1006 as the killer toxin
sensitive strain. A total of 9 dermatophyte (Table 2.1.) 2th¢hathogenic yeast
strains (Table 2.2.) were used as pathogenic fungal testesdtat antifungal

susceptibility studies.

2.1.2. Culture Media

K9 type killer toxin producing strairlansenula mrakiand killer toxin
sensitive strairBaccharomyces cerevisiagere grown on yeast extract-peptone-
dextrose (YEPD) agar plates at 25 °C and were maintainetli €. The
composition of YEPD buffered at pH 5.5 was as follows: 1% t®geast
extract, 2% Bacto-peptone, and 2% dextrose together with 2% -Bgato
H.mrakii cells were grown in YEPD broth medium supplemented 5 % (v/v)

glycerol buffered with citrate phosphate to pH 4.5 for the Y& tkiller toxin
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production. For the killer activity assay, YEPD-agar medtogether with 2 %
Bacto-agar was buffered with citrate phosphate buffer and adijissfeH 4.5.

All pathogenic fungal strains were freshly cultured on RDA % potato
extract, 2 % dextrose and 5 % agar) plates at 25°C for 48 to ai2uimt{l they
reached full growth) before the antifungal susceptibility sgidsgnthetic RPMI
1640 medium with glutamine and without sodium bicarbonate diskdatvepH
4.5 50mM NaHPOQO,. citric acid buffer was used for all in vitro susceptibility
testing of pathogenic yeasts. Sabouraud broth buffered to pH /50MM
NaHPO,_citric acid buffer was used to investigate the activity of thi killing.

Table 2.1. Dermatophyte Strains Used in Antifungal SusceptiBilidies.

STRAIN STRAIN NUMBER\ ISOLATION
SOURCE
Microsporum audouinii DSMZ 10649 Human
M. canis DSMZ 10708 Human skin
M. gypseum DSMZ 3824 Human
Trichophyton rubrum DSMZ 4167 Human
T. mentagrophytes DSMZ 4870 Tinea pedis
T. verrucosum DSMZ 7380 Human skin
T. interdigitale DSMZ 12283 Tinea pedis
T. equinum DSMZ 12284 Human skin
T. tonsurans DSMZ 12285 Human skin

DSMZ: German National Resource Centre for Biological Materi
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Table 2.2. Pathogenic Yeast Strains Used in Antifungal SulstigpStudies.

STRAIN STRAIN NUMBER\ ISOLATION
SOURCE
Candida albicans ATCC MYA 2730 Patient with candidemia
C. albicans ATCC 10231 Patient with bronchomycosis
C. albicans ATCC 26555 Patient with mucocutoneus candidiasis
C. albicans ATCC 36802 Human
C. albicans ATCC 90028 Human blood
C. albicans DSMZ 3454 Patient with vaginal candidiasis
C. albicans* Al Patient with Flukanazol resistant bronchomycosis
C. albicans* A3 Human blood
C. parapsilosis ATCC 90018 Human blood
C. parapsilosis * A6 Human blood
C. krusei ATCC 14053 Human blood
C. krusei ATCC 6258 Patient with bronchomycosis
C. krusei* A7 Human blood
C. krusei* A8 Patient with bronchomycosis
C. guilliermondii* A9 Human blood
C. guilliermondii* A10 Human leg
C. guilliermondii* All Patient with bronchomycosis
C. guilliermondii* Al12 Human blood
C. guilliermondii* A13 Patient with bronchomycosis
C. pseudotropicalis*| A14 Cutoneus candidiasis
C. tropicalis* Al15 Human abscess
C. glabrata ATCC 90030 Human blood
S. cerevisiae* Al6 Human

*Clinical isolates were collected either from German pitad, stanbul or Gilhane
Military Medical Academy, Ankara, TURKE.
ATCC: American Type Culture Collection, USA

A: Our laboratory collection number
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2.1.3. Chemicals

The chemicals and the suppliers are listed in the Appendix A

2.1.4. Buffers

Buffers and solutions used in the experiments are givAppendix B.

2.2. METHODS

2.2.1. Sterilizations

Before inoculation with the desired microorganisms, nhiclogical
media and all materials coming into contact with it mioststerile. The glass
cultureware were sterilized on dry-cycle at 2%D for two hours. For the
sterilization of the media for stock cultures and foutine growth of the yeast
cells steam sterilization cycle at 121°C for 15 minutess werformedThe
buffers used for the chromatographic purification steps witeeetl through
0.45 m cellulose acetate filter discs (Sartorius, AG, Germaisy)g filter device
(Sartorius, AG, Germany) before sterilization on liquid cydRPMI 1640
medium was filtered through 0.4% and 0.22m (Sartorius, AG, Germany)

cellulose acetate filters respectively for sterilaat

2.2.2. Maintenance of the Fungal Cultures

Freeze-dried cultures éfansenula mrakiandSaccharomyces cerevisiae
in glass ampoules were opened aseptically and 0.5 ml of YiZBth medium

(pH 5.5) was added to dissolve the dried culture completely usisterde
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pasteur pipette. Dissolved yeast cells were plated onto ghsfies containing
YEPD agar at pH 5.5 and incubated at 25 °C until the colonies wenedd29].

Lyophilized cultures of dermatophyte strains are revivedbiepking the
ampule and placing adequate amount of sterile saline sol#ipares were
scratched with the tip of a sterile pasteur pipette and 0.&f thie resuspended
pellet was streaked onto YEPD pH 5.5 agar plates and incubat28 &Ct.
Dermatophyte strains were sub-cultivated to PDA plategprtomote spore

formation before antifungal susceptibility testing.

Pathogenic yeast strain€gndidaspp.) were cultivated on YEPD pH 5.5
agar plates and subcultured to PDA plates to ensure purityiaoitity prior to
antifungal susceptibility testing.

All plate cultures were then stored at 4 °C for a maxinafimne month,

after which subculturing onto a new plate was done.

2.2.3. K9 Type Killer Toxin Production

Hansenula mrakiNCYC 500 cells were cultivated into 10 ml of YEPD
pH 5.5 medium and incubated for 24 hours af@50ne ml of cell suspension
was further inoculated into 100 ml of the same medium. Afteryeast cells
were incubated at 2%C for 24 hours at 120 rpm on a gyratory shaker (Innova
4330, New Brunswick, USA), 10 ml of cell suspension was tramsfeo 1L of
YEPD medium (containing 5 % glycerol) buffered to pH 4.5 wittnate-
phosphate buffer and the cells were grown to stationaryepang8°C for 36
hours at 120 rpm on a gyratory shaker (Innova 4330, New BrunsWwigh).

The cells were removed by centrifugation (KR 22i, Jouamdeaat 9,000 x g

for 20 min. at £C and supernatant was filtered through a 0.45um and 0.2um
pore sized cellulose acetate membranes (Sartorius, AG,aBgynrespectively
[127].
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2.2.4. Concentration of the Killer Toxin

Cell free filtrate was concentrated 50 fold by using 10 KD&/CO
centrifugal filter device (Vivaspin VS2001, Sartorius,AG, Gany) at 4200 x
rom for 30 min. at % (BR4i, Jouan, France). The concentrated crude protein
was buffer exchanged to 0.05M &0, buffer at pH 4.5containing 0.150M
NaSQO, by using the 10 kDa MWCO centrifugal filter dev{s&vaspin
VS2001, Sartorius). Buffer exchange step was performed times &t 4200 x
rom for 15 min. at ZC to maintain YEPD free samples (BR4i, Jouan, France).
Before injection onto the HPLC (High Performance Liquitré@notography)
column the samples were filtrated by 0.2um syringe filt®artorius, AG,

Germany) and checked for its killer activity by agafudiion assay.

2.2.5. Determination of Killer Toxin Activity

Toxin activity at various stages of the study was testecording to
Brown et al. [128] with an agar diffusion assay. Twenty fiveof molten YEPD
agar (pH 4.5) was seeded with 1 ml of the killer toxin s$esasistrain S.
cerevisiaeNCYC 1006 in sterile water at a density of t@lls/ml and poured
into petri dishes. Protein samples of 30were spotted on YEPD agar plates.
After two days of incubation at 2%C, the killer activity was determined by
measuring the clear zone of growth inhibition of thedsel killer toxin sensitive
strain. Killer toxin which gave a clear zone of 10 mndieimeter was defined as
1 arbitrary unit (AU).
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2.2.6. Puirification of the Killer Toxin

The purification steps were done on a fully automated HBi€§em
(Biocad 700E Perseptive Biosystems, USA) including an autonfedition
collector (SF-2120 Super Fraction Collector, Advantec MFBarda Detections
were done with UV absorbance at 280 nm af@0

The concentrated and buffer exchanged sample from the prestiepis
was then subjected to gel permeation chromatography using a cHR&/&0
Superdex 75 prepgrade colun8Buperdex prepgrade is a modern preparative gel
with a composite matrix of dextran and highly cross-linkgdrase. Prior to
injection of the sample, column was equilibrated with BOMa;HPQ,. citric
acid buffer, pH 4.5, containing 150mM p&O, at a flow rate of 4 ml/min. The
equilibration was performed until the baseline was st&e. ml of sample was
injected into the column and elution was done with theeshnffer at a flow rate
of 3.4 ml/min. Fractions were collected (10ml) automaticdily fraction
collector (Advantec SF-20 Super Fraction Collector, Japah)ch was
connected to BioCAD 700E Workstation. The collected peak® concentrated
seperately by ultrafiltration with 5000 MWCO ultrafilter witee (Vivaspin
VS2012, Sartorius Sartorius, AG) and checked for their dillactivity. The
fraction with killer activity was collected for sevérans and then concentrated
by using 5 kDa molecular cut-off ultrafilters (Vivaspin 8.2, Sartorius, AG,
Germany) for further studies. Thirty of the purified protein obtained from gel
permeation chromatography was spotted on to YEPD (pH 4.5p&des seeded
with killer toxin sensitiveS. cerevisiadNCYC 1006 cells for the assessment of

the killer toxin activity.

The fractions containing killer protein that were ecled for several runs
subjected to the second gel permeation chromatography ta getgle pick
without any contamination. Five ml of killer toxin comiag sample was
injected into the same column and elution was done théhsame buffer at a

flow rate of 3.4 ml/min.
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2.2.7. Assessment of Protein Concentration

Protein concentration was measured by using the progeinkihding
method of Bradford [129]. Bradford reagent used for the detetion of
protein concentration was prepared as follows. A hundergdof Coomassie
Brilliant Blue G-250 was dissolved in 50 ml of 95 % ethaheint mixed with
100 ml of 85 % (w/v) phosphoric acid. Finally the solutiorsveampleted to a

total volume of 1 L with distilled water and filtered dngh Whatman #1 paper.

Bovine serum albumin (Fraction V) was used as the praindard.
Different concentrations of bovine serum albumin was pegpan 50 mM
NaHPQ;. citric acid buffer to construct a calibration curve rangiragnf 2.5 to
25 pg/ml.

Table 2.3. Volume of Solutions Used in Constructing BSA Stahdar

Curve.
Solution Buffer(ml) BSA(ul) BSA (ng)

1 795 5 2.5
2 790 10 5

3 780 20 10
4 770 30 15
5 760 40 20
6 750 50 25

These standard solutions were mixed with 200filtered Bradford
reagent. Then a blank sample was prepared by mixing 1880 mM NgHPQO,.
citric acid buffer and 200! Bradford reagent. 101 protein sample was also
diluted in 7901 of the same buffer and mixed with 200 Bradford reagent.
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Then 100 | from each standard solutions, protein sample and blanke wer
pipetted into individual wells in a 96-well microplate (Nunctb&7008; Nunc,
Denmark) Spectrophotometric measurements were taken after agjovhe
solutions to incubate at room temperature for ten minfolesving the addition

of dye reagent. The wavelength was set at 595 nm by using Bi¥levi
spectrophotometer (model 1208, Shimadzu, Japan). Absorbance vaves w
recorded, and a calibration curve was determined for theiprobncentration
from the BSA standards, then the concentration of tbeeiprin the sample was

calculated.

2.2.8. Non-denaturing SDS-Polyacrylamide Gel Electrophoresis

Following gel permeation chromatography, the fraction ainimg killer
toxin and the concentratdd. mrakii culture media containing the active Kkiller
protein were subjected to electrophoresis, according to #tieoch described by
Laemmli [130]. Gel electrophoresis was performed under deoaturing
conditions, using a 15 % and 0.75mm thick linear SDS polyanigi&agel in a
discontinuous buffer system to prove the purity of the texit also to compare
the protein profiles by using a vertical slab gel elecioggis unit SE 600
(Hoefer, USA).

After pouring the separating gel into the glass plate sandwighess
overlaid with 100ul water saturated n-butanol onto the tofnefseparating gel
to avoid contact of the gel with air and left for polyination for one hour. After
the polymerization completed, n-butanol overlay was pouredraf the surface
of the gel was rinsed with water and stacking buffer résede Then, the
stacking gel solution was poured onto the separating gel 8ricbamm thick 15
wells comb was inserted into the sandwich. Stacking ¢ed waiso left for
polymerization for 1 hour. Separating and stacking gel conmperage given in
Table 2.4. and Table 2.5.
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In non-denaturing SDS-PAGE method, -2rercaptoethanol as reducing
agent was omitted in the treatment buffer (0.125M Tris-Cl, 4%SD
20%Glycerol, 0.02% bromophenol blue to 10ml d@H pH 6.8) preparation.
Samples were combined with treatment buffer with a 1:ingéa treatment
buffer) ratio and were heated at 1D for 4 minutes prior to electrophoresis.
After the polymerization of stacking gel, samples wereéddaonto the gel. The
gel was run at a constant current of 20 mA (Power supply PP40@deta,
Germany) at 10°C using a circulating cooling water bath (Heto Holten,
Denmark) until the dye front reached the bottom. Thewvgsl separated into two
parts; one part containing the purified K9 type yeast kplatein to prove the
purity of the toxin was visualized by silver staining [131] ahd other part
containing both the concentrated culture media and the guuikdiler toxin to
compare the protein profiles was visualized by Coomasdimrtirblue R-250
[132].

Table 2.4. Separating Gel Mixtures (15%T).

Acrylamide-bisacrylamide (30:0.8) 15 ml
4X Separating Gel Buffer (1.5M Tris-Cl , pH:8.8) 7.5/ml
10% SDS 0.3 ml
ddH,O 7.1 ml
10% Ammonium persulfate* 150ul
TEMED* 10pl

*Ammonium Persulfate and TEMED were added after deaeration
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Table 2.5. Stacking Gel Mixtures (4%T).

Acrylamide-bisacrylamide (30:0.8) 1.33 mi
4X Stacking Gel Buffer (0.5M Tris-Cl , pH:6.8) 2.5 ml
10% SDS 0.1 ml
ddH,O 6.0 ml
10% Ammonium persulfate* 50 p
TEMED* 5 ul

*Ammonium Persulfate and TEMED were added after deaeration

2.2.9 Denaturing SDS-Polyacrylamide Gel Electrophoresis

Molecular weight determination of the pure toxin was domeer
denaturing conditions, using a 15 % linear SDS polyacrylamideinge
discontinuous buffer system [130] by using a vertical slab gsitrebhoresis
unit SE 600 (Hoefer, USA). Denaturing SDS-PAGE method wasathe sis the
non-denaturing SDS-PAGE method except the presencengfrcaptaethanol as
reducing agent in the treatment buffer.

Sodium dodecyl sulfate (SDS),DiThioTreitol (DTT) or -
mercaptaethanol, and heat are responsible for the actuaumtioa of the
sample. SDS coats all proteins in proportion to theissyend ensures they all
have a large negative charge. Therefore, during the eleotesih proteins
move through the gel towards the anode. The rate at whieh move is
inversely proportional to their molecular mass, largeotgins feel more
resistance and hence taking longer to move. Heating thplesa to at least 60
degrees shakes up the molecules, allowing SDS to bind in thepnpbic
regions and complete the denaturation. DTT's specific rinle sample
denaturation is to remove the last bit of tertiary andtegnary structure by

reducing disulfide bonds.
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The protein samples were mixed with equal volume of trewattrbuffer
but the molecular weight (MW) markers were combined wigtattnent buffer
with 1:4 ratio and were heated in boiling water for 4 misug@ior to
electrophoresis. After the polymerization of the gel pleted, MW markers
(10ul) and the purified protein (20ul) were loaded into tlaekstg gel and run
simultaneously. Electrophoresis was performed at°@5 using circulating
cooling water bath (Heto Holten, Denmark) with power sugelyings of 20 mA
(Power supply PP4000 ,Biometra, Germany) until the dye freathed the
bottom. Subsequently, the proteins in the gel were eithgrest with Coomassie
brilliant blue R-250 [132] or silver [131].

Molecular weight markers used for the molecular weightrdetation of
the K9 type yeast killer protein were myosin (205.000 kDajalactosidase
(116.000 kDa), phosphorylase b (97.000 kDa), transferrin (80.000 kDa), albumin
(66.000 kDa), glutamate dehydrogenase (55.000 kDa), ovalbumin (45.000 kDa),
carbonic anhydrase (30.000 kDa), trypsin inhibitor (21.000 kDapzlyme
(14.000 kDa) and aprotinin (6.500 kDa) (Amersham Biosciences).

For the molecular weight determination the SDS gel seasined and the
data was processed with gel imaging and analysis systdber\iourmat Gel

Imaging and Analysis System, France).

2.2.10. Isoelectric Focusing

The isoelectric point (pl) of the killer protein wastelenined by a high
voltage vertical slab polyacrylamide gel electrofocusiggtesm with a Hoefer
SEG00 electrophoresis unit as previously described [133, A@el}sing was
carried out on pH 3-10 non-denaturing gradient 0.35mm thick gel iciogta
2.4% ampholytes and broad range pl markers (Ampholytes andrikénnavere
supplied from Amersham Biosciences). The gel compositiogivien in Table
2.6.
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Table 2.6. Isoelectric Focusing Gel Composition.

Monomer Solution (30%T, 2.7%C) 2.2 ml
Glycerol 1.2 ml
ddH,0O 7.87 ml
Ampholytes (3 / 10) 0.72 ml
TEMED* 23 pl
10% Ammonium Persulfate* 50 ul

*Ammonium Persulfate and TEMED were added after deaeration

After the addition of ammonium persulfate and TEMED, thiengigture
was poured into the sandwich and the comb (0.35 mm thick, B wabk
inserted. The gel left for one hour for polymerizatioriteAthe polymerization
completed the wells and upper chamber were filled withobath (0.02 M
NaOH) and lower chamber of the electrophoresis unit filled with anolyte
(0.02 M acetic acid). The gel was prefocused at 10 °C for 15 esinuith
maximum settings of 2300 V, 300 mA and 20 W. Catholyte used wasgotir
after prefocusing. Upper chamber and sample wells were fillgd fresh

catholyte solution.

Then, K9 killer protein sample (15ul) was loaded onto tHeager the
buffer exchange step with ddbl by using the 5000 MWCO microcentrifuge
filter devise (Sartorius Centrisart-C4). Buffer exchange stas performed at
7500 rpm for 30 min. at 10 °C (MR23i Jouan, France). Samples andrkéns
were combined with equal volume of sample buffer before Iga(liable 2.7.).
The focusing was performed at 10 °C using circulating coolingrvbatf (Heto
Holten, Denmark) for 70 minutes with maximum settings of 280@00 mA

and 20 W (Power supply PP4000; Biometra , Germany ).
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Table 2.7. Sample Buffer Composition for IEF.

ddH,0 395 pl
Glycerol 75 ul
Ampholytes (3/10) 30 pl

The pl markers used were trypsinogen (9.30), lentil lectircbaand
(8.65), lentil lectin-middle band (8.45), lentil lectin-acidic ban8.1%),
myoglobin-basic band (7.35), myoglobin-acidic band (6.85), human carbonic
anhydrase (6.55), bovine carbonic anhydrase (5.8%c¢toglobulin A (5.20),
soya bean trypsine inhibitor (4.55), amyloglucosidase (3.50).

The gel was stained with coomassie blue R-250. In order ¢oniee the
isoelectric point of the K9 type killer protein with pest to the marker proteins,
the gel was scanned and the data was processed with gghgnaand analysis

system (Vilber Lourmat Gel Imaging and Analysis Systermden

2.2.11. Protein Detection in Gels

Protein bands in gels were visualised either by coombhsestaining or

silver staining.

2.2.11. a. Coomassie Blue Staining

Coomassie brilliant blue R-250 staining was performed asigusy
described by Wilson (1983) [132]. The gel was stained withistasolution for

2 hours with slow shaking. Then staining solution wasaegu with destaining
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solution for 30 min. to remove bulk of the excess stain and then theage
transferred into the destaining solution Il. Destainiofut®n 1l was changed

twice a day until the backround was clear.

2.2.11. b. Silver Staining

Silver staining was performed as previously described [131].g€hevas
immersed in destainfor 30 minutes with gentle shaking. Destaivas replaced
with destain and the gel was shaken slowly. After 30 minutes Destawas
discarded and cross-linking solution was added and againrsklkely for 30
minutes. Cross-linking solution was poured off and the ged washed with
several changes of distilled water over 2 hours or the gelphaced into 2 liters
of water for overnight storage. The next morning, the gel washed in fresh
water for 30 minutes. The gel was incubated in DTT (dithiatifyesolution
with slow shaking for 30 minutes. DTT solution was rendoa@d silver nitrate
solution was added and again shaken slowly for 30 minutesgéliweas washed
with distilled water for two or three times and washkéth developing solution
for once a time. Then fresh developing solution was addednirfgtawas
occurred within 5-10 minutes. When the desired staining lesed reached,

development was stopped by replacing the development solutiorihei destain

2.2.12. Antifungal Susceptibility Testing

Killing activity of K9 type yeast killer protein was deteined against 23
pathogenic yeast and 9 dermatophyte strainsto. The susceptibility testing of
Candidastrains was performed according to Clinical and Laborattendards
Institute (CLSI) -formerly NCCLS- M27-A2 (Reference Maeathdor Broth
Dilution Antifungal Susceptibility Testing of Yeasts) maibéogy [135] and the

susceptibility testing of dermatophyte strains was perfdramzording to CLSI
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M38-A (Reference Method for Broth Dilution Antifungal Septbility Testing
of Filamentous Fungi) [136] methodology; with minor modifimas to provide

the stability of the K9 type yeast killer protein during itest

2.2.12. a. Susceptibility Testing of Pathogenic Yeast Strains

Minimum Inhibition Concentration (MIC) assays were perfornre@6-
well round-bottomed microtitre plates (Nunclon 167008; Nunc, Dennuasik)
a two-fold dilution series of K9 type yeast killer prateanging from 64 to 0.250
pg/ml which were prepared in 50 mM MEPO,-citric acid buffer. A completely
synthetic medium, RPMI 1640, was prepared at twice its fioatentration (2x
RPMI 1640) and buffered to pH 4.5 with the same buffer for susdeptibi
testing as the test medium. Yeast inoculum suspensions Wiaea by taking
five colonieg>1 mm diameter) from 24-h-old cultures grown on Padatdrose
agar plates. The colonies were suspended in Bfrsterile saline (0.85% NacCl).
The inoculum suspensions westgaken for 15 s and the inoculum density was
adjusted to théurbidity of a 0.5 McFarland (DEN-1 McFarland Densitometer,
HVD, UK) Standard (equivalent to 1+5610° cells/mL) with sterile saline. The
suspensions were dilutdd1000 with a 1:50 and 1:20 dilutions respectively in
RPMI 1640 to obtain the twofold test inoculum (1-5 x’cHlls/mL). Each
microdilution well containing 10QL of the corresponding two-fold protein
dilution was inoculatedith 100 pL of the cell suspension. This step diluted the
medium (1x RPMI 1640) and protein concentrations (32 to 0.125ughchlalao
inoculum densities (0.5-2.5 x 1@ells/ml) to the desired test concentrations.
Growthand sterility controls were included for each isolate-gan@bmbination.
Growth control well was prepared by mixia@0 ul of cell suspension with 100
pl of NgaHPO,-citric acid bufferand sterility control well was prepared by
mixing medium (RPMI 1640) witd00 pl of NaHPQ,-citric acid buffer The
microdilution trays were incubated at 26 and the wells were mixed with a
multi-channel pipette at every 2 hours during 6 hours. Mi€s determined

visually after 48 h of incubation. The growth in each MIClweas compared
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with the growth control well MIC was defined as the lowest concentration of
the K9 type yeast killer protein where wells were @iycclear (without any
visible growth/turbidity) or 95 % reduction in the growth whiwvas determined
by using an automatic microtitre plate reader at 590nm (Bpeax 190,
Molecular Devices, USA). MI§ (MIC at which 50% of the isolates were
inhibited) and MIGg (MIC at which 100% of the isolates were inhibited) value

were also determined for all of the pathogenic yeaainstwhich were tested.

Minimum fungicidal concentrations (MFCs) were also deteedifor 22
Candidaand 1S. cerevisiastrains as described by Canton et al [137]. After 48 h
of incubation 100 pl from each well that showed compigidition (optically
clear) and from the growth control wells were subcultwedo PDA plates and
incubated at 25°C until growth was seen in the growth control subculture
(usually 48 h). MFC was the lowest protein concentratiwat killed 99.9 %
(with less than 2 colonies remaining) of the finalcimam.

2.2.12. b. Susceptibility Testing of Dermatophyte Strains

Minimum Inhibition Concentration (MIC) assays for 9 dermatophyt
strains were also performed in 96-well microtitre plaigsbroth microdilution
test. Two fold dilution series of the K9 type yeast kKifigotein was prepared in
50 mM NaHPOy-citric acid buffer ranging from 128 to 0.250 pg/ml. Each
dermatophyte isolate was subcultured onto PDA plates and iecuab25°C for
7 days or until good conidiation was produced. A suspensioonidia in sterile
saline was made by gently swabbing the colony surface vétarde swab. The
suspension was transferred into a sterile tube. After heanticles were allowed
to settle for 5 to 10 minutes, the upper homogenous suspessiansferred to a
steril tube and vortexed (Heidolph, Germany) for 15 seconts. rEsulting
suspension was counted on a hemocytometer and was diiuREMI 1640 to
the desired¢oncentration of 4 x £ao 50 x 10 spores/ml. Then, the suspensions
were diluted 50-fold with 2 fold concentrated RPMI (pH 4.5) biam the
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twofold test inoculum (0.8-10 x fGpores/ml). Each well of microtiter plate
contained 100 pl of two fold dilution series of protein rangirmgnfi28 to 0.250
g /ml and 100 | of spore suspension. The final volume in each well was 200
and this resulted in the appropriate final concentratdrice medium (1x RPMI
1640), protein (64 to 0.125 pg/ml) and the spore suspension (6.tx5x1d
spores/ml) in the wells. Each row on the microtitreteplalso included growth
and sterility control wells. Dermatophyte plates wereaulirated at 25°C for 4
days to 6 days and during the incubation period the wells mered with a
multi-channel pipette in every 2 hours for the first 4 BouvICs of the

dermatophyte isolates were determined visually at tdeoéthe incubation.

2.2.13. Cell Killing Activity of the K9 Type Yeast Killer Toxin

K9 type yeast killer toxin was tested on the most criZaldidaspp.,C.
krusei ATCC 6258for its cell killing activity. Analyses of cell kitig activity
were done according tazgl et.al [138]Before the test was performed, the
isolate was subcultured and grown for 24 h at 25°C on SDA spldibe
inoculum was adjusted to the density of a 0.5 McFarland turb&taydard
which corresponds to 1 x 4@ 5 x 16 cells/ml. A hundred pl of the adjusted
fungal suspension was then added to 9900 pul of 2 fold conesh®atouraud
broth (pH 4.5). This resulted in a 1:100 dilution of the fungal susperand
yielded a starting inoculum of approximately 1 X 1®5 x 1d CFU/ml. The test
solution tubes contained 250 ul fungal suspension and 250 pl approp
concentrations of protein. The resulting protein cotreéions in test solutions
were equal to 1 (2ug/ml), 4(8ug/ml), 8 (16pg/ml) and 16 (32ug/medithe
MIC for test isolate and the final cell suspension wasal to 5 x 1%to 25 x 16
cells/ml. Growth control tube included yeast suspensioh teitin free buffer.
Test solution tubes were incubated at 25°C without agitdtio18 hour. At
predetermined time points (0, 2, 4, 6, 8, 10, 12, 24, 36, and 48 hours) 50 pl
aliquots were aseptically removed from both the contibkt(toxin free) and

each tube with a test solution. Ten fold serial dilutiovexre performed on
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samples in pH 6.8 citrate-phosphate buffer to deactivateoxite Hundredul of
the diluted sample was streaked on to SDA plates for ngoloount
determination. All plates were incubated for A8t 25°C. When the colony
counts were expected to be less than 1,000 CFU/ml, samplesiiuéed 2 fold
in pH 6,8 citrate-phosphate buffer.
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CHAPTER Il

RESULTS

3.1. Production of the Killer Toxin

For killer protein productiond. mrakii ells were grown in 1 liter
YEPD medium (containing 5% glycerol) buffered to pH 4.5 with 0.Zitvhte-
phosphate buffer and incubated at 18 °C for 36 hours at 120 rpm oatargyr
shaker to provide the optimum culture conditions for theimam Kkiller toxin
activity. Hansenula mrakiicells were removed from the culture liquid by
centrifugation at 9000 x g for 20 minutes at 4 °C and culture safpetrfiltered
through 0.45 m and 0.25 m cellulose acetate membranes respectively. The

concentration of the protein mixture was 10 pg/ml (0.01mg/A21y].

3.2. Concentration of the K9 Type Yeast Killer Toxin

Concentration of the killer protein in the culture sup&ant was
performed with 10.000 MWCO filter (Vivaspin VS2001, Sartorius)yied 50
fold concentrated protein equivalent to a final coneioin of 500 pg/ml
(0.5mg/ml). The Killer activity of the protein in thenoentrated cell free extract
was determined by the killer zone assay in a platebefste it was used in the

purification steps.
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3.3. Determination of Killer Toxin Activity

Toxin activity before every stage of the study was testgd an agar
diffusion assay. The Kkiller activity of the protein tine concentrated cell free
extract was determined by spotting 30of the protein onto YEPD pH 4.5 agar
plates seeded with killer toxin sensiti8e cerevisiadNCYC 1006 cells before it

was used in the purification steps (Figure 3.1.).

Figure 3.1. Growth Inhibitory Activity of the Killer ToxinnoSensitive
S.cerevisiadNCYC 1006 in YEPD Medium, at pH 4.5, 26. 30 | of
concentrated protein mixture (500 pug/ml) gave a clear growthitioin zone of

17 mm which corresponds to 1.7 AU Kkiller toxin. Bar scafgasentsd mm.
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3.4. Puirification of the Killer Toxin

Crude toxin obtained from ultrafiltration step was buffer exged with
50 mM NgHPOy at pH 4.5 containing 150 mM BBQO, to purify the killer toxin
by using a HPLC system, BioCAD 700 E Workstation. K9 type ty&der
protein was purified by gel permeation chromatography usifiLaad 26/60
Superdex 75 pg column for the optimal resolution (Figure 3.2). Eackion
were collected (10ml) by a fraction collector into ##etubes and the collected
fractions were concentrated separately by ultrafilinateith 5000 MWCO
ultrafilter device (Vivaspin VS2012, Sartorius).

Concentrated fractions obtained from gel permeation obtaghraphy
were then tested for killer activity by killer zonesag in a plate test and after 24
h incubation a clear growth inhibition zone of 15 mm whschresponds to 1,5
AU Kkiller toxin was observed in the Fraction No: 4 anddtion No: 5 (Figure
3.2.).

After detecting the fraction with killer activity, it \g8apooled for several
runs, concentrated arsibjected to the second gel permeation chromatography.
The pick profile observed in the second gel permeatioronwdiography
indicates the absence of any contamination (Figure 3.3.). dtdungal
susceptibility studies were done by the protein obtained friw first
chromatography because in every chromatographic processnplates its

killing activiy.
350 fold concentrated protein with the final concentravd 400 pg/ml

obtained from gel permeation chromatography gave a clearttgrioibition

zone of 15 mm which corresponds to 1.5 AU Kkiller toxin (Feg8i4.)
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Detection: 280 nm UV; Fraction volume: 10ml. Frans containing killer protein are eluted at 225antl indicated by arrows.

Figure 3.2. Elution Profile of the K9 Type Toxin arHiLoad Superde€olumn
Column size: 26 mmD / 600 mmL; Sample: 5000Elution buffer: 50mM NaHPQO, at pH 4.5 + 150mM N&O, ; Flow rate: 3.4 ml/min;
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Figure 3.3. Second Gel Permeation ChromotograpllyeoK9 Type Toxin on a HiLoad Superdérlumn
Column size: 26 mmD / 600 mmL; Sample: 50@0Elution buffer: 50mM NaHPQ, at pH 4.5 + 150mM N&O, ; Flow rate:

3.4 ml/min; Detection: 280 nm UV; Fraction voluni€ml.




Figure 3.4. Killer Activity of the K9 Type Toxin Determineg B\gar Diffusion
Assay. 301 of the active fraction obtained from gel permeatibromatography
gave a clear growth inhibition zone of 15 mm which cqoesls to 1.5 AU

killer toxin (12ug). Bar scale represents 5 mm.

3.5. Assessment of Protein Concentration

The concentration of protein was measured by Bradford skeyaising a
calibration curve drawn with bovine serum albumin and adjustedesired
concentration for further studidsefore eachantifungal susceptibility testings
(Figure 3.5.).
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Figure 3.5. Standard Curve of Protein Amount versus Absorbance.
Bovine serum albumin solutions were used as standards$.ci@e purified K9
type yeast killer protein gave an UV absorbance of 0,0302 at 53@hich
corresponds to 4g.

3.6. Non-Denaturing SDS-Polyacrylamide Gel Electrophoresis

Purified killer protein (2g) and concentrated culture supernatantof
mrakii containing the active killer toxin were electrophoces® a 15% linear
SDS-PAGE gel in a discontinous buffer system under non-alémgitconditions
to check its purity and to compare the protein profilebsédvation of single
protein band on the silver stained gel indicates the absdrangy contamination

(Figure 3.6.). Comparision of protein profiles is shown in Fagai7.
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Figure 3.6. Non-Denaturing SDS-Polyacrylamide Gel of the Pdrifi@ Type
Yeast Killer Toxin.
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Figure 3.7. Non-Denaturing SDS-PAGE. Profile of Concentrated Culture
Supernatant Containing the Killer Protein (A) and the mdifK9 type killer
toxin (B).
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3.7. Denaturing SDS-Polyacrylamide Gel Electrophoresis

The purified killer protein (2g) was electrophoresed on 15% linear SDS-
PAGE gel in a discontinous buffer system under denaturing camsliti
Molecular weight markers were used to determine its ml@eeveight. For the
molecular weight determination of the K9 type killer pmot the gel was
scanned and the data were processed with Vilbert Lourrehtinaging and
Analysis System, France. The migrated protein placed betvghglamate
dehydrogenase (55.000 kDa) and ovalbumin (45.000 kDa). The molecular
weight of the killer protein was found 46.504 kDa (Figure 3.8.).

3.8. Isoelectric Point Determination
The isoelectric point (pl) of the killer protein wdstermined by a high
voltage vertical slab polyacrylamide gel electrofocusindvnpgH range of 3-10

with broad range pl marker proteins. Protein appeared as a btedgal with

isoelectric point of 3.867 (indicated by arrow) (Figure 3.9.).
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Figure 3.8. Denaturing SDS-Polyacrylamide Gel Electrophooésise K9 Type
Yeast Killer Toxin. Lane 2 is K9 type yeast killer toxirarie 1 is the molecular
weight markers; a) myosin (205.000 kDa), bjalactosidase (116.000 kDa),
c) phosphorylase b (97.000 kDa), d) transferrin (80.000 kDa), e) albumin
(66.000 kDa), f) glutamate dehydrogenase (55.000 kDa), g) ovalbumin (45.000
kDa), h) carbonic anhydrase (30.000 kDa), i) trypsin inhibitor (21.000,kDa
j) lysozyme (14.000 kDa) and k) aprotinin (6.500 kDa).

60



1 2 3

Figure 3.9. Polyacrylamide Gel Electrofocusing of K9 Type Yea&tKiloxin
in Native State. Lane 1 and 3 are pl markers ; (a) trypsir@agén (b) lentil
lectin-basic band 8.65; (c) lentil lectin-middle band 8.45; (d)!l&diin-acidic
band 8.15; (e) myoglobin-basic band 7.35; (f) myoglobin-acidic band 6.85;
(9) human carbonic anhydrase 6.55; (h) bovine carbonic anleya:@s;,
() -lactoglobulin A 5.20; (j) soya bean trypsine inhibitor 4.55;
(k) amyloglucosidase 3.50. Lane 2 is K9 type yeast killer toxin.
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3.9. Antifungal Susceptibility Studies

The antifungal susceptibilities of different pathogenicsyasolates and
dermatophytes to purified K9 type yeast killer toxin wadetksn different
protein concentrations ranging from 32 to 0.125 pg/ml and 64 to 0.125 pg/ml
according to Clinical and Laboratory Standards Institute #23nd M38-A
methodology. MICs were determined both visually (Figure 3.100)l a
spectrophotometrically for the yeast strains wherkssction was only possible
with visual inspection for the dermatophyte strains. Emire MIC data is

presented as the average of 3 independent experiments.

Figure 3.10. Antifungal Susceptibility Studies of the K9 Type YKilgr
Toxin on a Microtitre Plate. Arrows indicate the MICs (visyalear wells).
Protein concentrations; a) 16 pug/ml b) 8 pg/ml c) 4 ug/mld) 2 pg/mle) 1 pg/mi
f) 0.5 pg/ml g) 0.25 pug/ml h) 0.125ug/ml. @andida albican®\1 MIC: 8
pg/ml 2)Candida albican#\3 MIC: 4 pg/ml 3)Candida guilliermondiiA9
MIC: 4 pg/ml 4)Candida albicansATCC 10231 MIC: 8 ug/mi
A) Growth control B) Sterility control.
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MFCs of the K9 type yeast killer toxin for the yeasaisis were tested by
plating the 100 ul of all visually clear wells onto PDAtpa(Figure 3.11.).

4ug/ml 8ug/ml

16pg/mi

Figure 3.11. MFC Determination f@.albicansATCC 90028 on PDA plates.

3.9.1. Susceptibility of Pathogenic Yeast Strains.

The results of susceptibility testing of the pathogenicstystrains to the

K9 type yeast killer protein (MIC and MFC) are represented ineTall.
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Table 3.1. MICsind MFCs of K9 Type Yeast Killer Protdor 23 Pathogenic

Yeast Strains.

STRAIN STRAIN NUMBER\ MIC MFC
SOURCE pg/ml pg/ml
Candida albicans ATCC MYA 2730 8 8
C. albicans ATCC 10231 8 8
C. albicans ATCC 26555 4 4
C. albicans ATCC 36802 8 8
C. albicans ATCC 90028 8 8
C. albicans DSMZ 3454 8 8
C. albicans Al 8 8
C. albicans A3 4 4
C. parapsilosis ATCC 90018 >32 >32
C. parapsilosis A6 >32 >32
C. krusei ATCC 14053 2 4
C. krusei ATCC 6258 2 4
C. krusei A7 2 8
C. krusei A8 2 4
C. guilliermondii A9 4 8
C. guilliermondii Al10 16 16
C. guilliermondii All 8 >32
C. guilliermondii Al12 16 16
C. guilliermondi Al13 >32 >32
C. pseudotropicalis | Al4 2 2
C. tropicalis Al5 0.25 0.25
C. glabrata ATCC 90030 0.25 0.25
S. cerevisiae Al6 0.5 0.5

The MIGCso (the MIC value able to inhibit 50% of the strains tested
belongs to the same species) and Mi@he MIC value able to inhibit 100% of
the strains tested belongs to the same species) restiis K9 type yeast killer

protein against pathogenic yeast isolates are represenfatiléen3.2.
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Table 3.2. MIGyand MIG gy Values of K9 Type Yeast Killer Protein against

Pathogenic Yeast Isolates.

Species (no. of isolates) ug/ml
MIC Range M|C50 Mlcloo

Candida albicans (8) 4-8 4 8
Candida parapsilosis (2) >32
Candida krusei (4) 2
Candida guilliermondii (5) 4->32 16 >32
Candida pseudotropicalis (1) 2
Candida tropicalis (1) 0.25
Candida glabrata (1) 0.25
Saccharomyces cerevisiae (1) 0.5

3.9.2. Susceptibility of Dermatophyte Strains

Susceptibility of 9 dermatophyte strains to the K9 type tylebesr protein
was tested with a broth microdilution testing according toSIC M38-A
methodology. All of the strains including/licrosporum and Trichophyton
species were found to be not susceptible to the toxin andkBs for these

isolates were >64 pg/ml.
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Table 3.3. Susceptibility of 9 Dermatophyte Strains to the K9 Type

Yeast Killer Protein.

Strains MIC pg/ml

Microsporum audouinii.............c.vcceeevnevnn e ... 264 pg/ml
M. CaNIS ..ot e e >64. ug/ml
M. QYPSEUM ...ttt e e e e ee e e 2204 QM
Trichophyton rubrum......................ooo . 264 pg/mi
T. mentagrophytes............ccooevveiieenenn. L 264.4g/ml
T.VEIrrUCOSUM ......viii i e v een . 2640 00/M
T. interdigitale................cooo v 2064, 19/m
T.equINUM.....ooiiiiiiii e e eee2 204 10/ MI
T IONSUMANS. ...t >64.ug/ml

3.10. Cell Killing Activity of the K9 Type Yeast Killer Prate

Time-kill curve of the K9 type yeast killer toxin wastelenined for one
of the most crucialCandida genus,Candida krusei(ATCC 6258) in 2 fold
concentrated Sabouraud broth (pH 4.5) with concentrationgratiein equal to
1, 4, 8 and 16 times the MIC to assess the correlation éetWHC and
fungicidal activity. The plot of the kiling activity fahe K9 type yeast killer
toxin as the log10 CFU/milliliter versus time is preserasdtime- kill curve in
Figure 3.12.
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Log CFU/mI

hour

Figure 3.12.Time-kill Curve Plot faCandida kruse{ATCC 6258) at the
following concentrationghe MIC: 2 pg/ml (), 4 times the MIC: 8 pg/ml (),

8 times the MIC: 16 pug/ml () and 16 times the MIC: 32 ug/inl ). , growth

control.
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CHAPTER IV

DISCUSSION

The need for safe and effective antifungal agents ineseas parallel
with the expanding number of immunocompromised patientslatfar invasive
fungal infections. The emergence of fungal pathogens rdsistarcurrent
therapies causes the dearth of antifungal agents. Curiardliable antifungal
compounds act on targets also found in mammalian celiehwhay result in
toxicity or an adverse drug interaction. It is thereforgperative to find
antifungal compounds that are not toxic to mammalias.cElie past decade has
withessed a dramatic growth in knowledge of natural peptidesturdl
antifungal proteins are produced by a diverse group of organischeding
bacteria, fungi, insects and mammals as well as plantst Xias proteins are
considered in this group and have been shown to have a hpeattusn of
kiling activity against various plant and human pathogel8] These toxic
proteins inhibit the growth of various species and gewérgeast and fungi
[16,59] as well as G(+) bacteria [15]. Thus research on Killer proteins are
focused on the use of these agents as potential antifyegal89]. Among the
killer yeasts Hansenula mrakiiNCYC 500 has been widely studied and
presented findings suggest that mrakii killer toxin has potential as a novel
antimycotic agent [67-71]. K9 type yeast killer proteinswaeviously purified
and characterized in our laboratory [127] and now it isiplest determine the
actual kiling spectrum and cell kiling patterns of thiexin on human

pathogenic fungi.
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Fungal infections are a major cause of morbidity and ditgrtan
immunocompromised patients [102,105]. T@andida species are the most
common cause of fungal infections [10§]. albicansis the most frequently
isolated yeast associated with human infections. Tlaeee now at least 17
species ofCandidathat have been shown to cause disease in humans including
Candida albicans, Candida guilliermondi, Candida glabrata, Candida
tropicalis, Candida kruseand Candida parapsilosi$140]. Therefore we have
first determined the susceptibility of these organismthéopure K9 type yeast
killer protein by determining the MIGnd MFC values of the toxin for
pathogenic yeastMICs were determined by using two endpoints: (i) the MIC a
which 50% of isolates are inhibited (MY§ and (ii) the MIC at which 100% of
isolates are inhibited (Mlgy) compared to the growth in the control wells
containing no toxin. Twenty two human pathoge@&ndidaspecies including
standard strains and clinical isolates and 1 stral. aerevisiaavere tested for
their susceptibility to the toxin with a protein conecatibn ranging from 32 to
0.125 pg/ml. In thisstudy, the CLSI recommendations has been adapted for
testing approximately 23 pathogenic yeast strains and 9 aginyaes including
the most common species. Modifications to the methodded a decrease in
the incubation temperature from 35°C to 25°C and in the pieviaom 7.0 to
4.5 to provide the stability of the K9 type yeast killertpio during testing.

Susceptibility of the tested strains, which belongs todifierent species,
to the K9 type yeast killer protein varied due to differesll wall compositions
and different polysaccharide content of the cell watjlgcans-chitin- mannan).
K9 type yeast killer protein may not be the agent ofcehéor infections caused
by C. parapsilosisand C. guilliermondii because they displayed higher MICs
while remaining susceptibl€. tropicalis, C. pseudotropicalis, C. glabrasad
S. cerevisiadad lower MICs considerinG. albicansisolates since they were

moderately susceptible to the K9 type yeast killer protein the others.

K9 type yeast killer protein was tested againsC&ndida albicans

isolates which is the most frequently isolated causafigent of candidal
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infectionsin humans (more than 50%) and is generally accepted asdke
pathogenic species of the gertandida[141]. MIC and MFC ranges were the
same, 4-8 pug/ml for &. albicansisolates. MIG, and MIC1o0 values were 4 and
8 pg/ml respectively.

Microorganisms can develop resistance to antifungal agspecially in
long term usages by mutation of targets within the osgasior by transfer of
resistance genes from other organisms by transformati@ansduction or
conjugation and these resistances spread rapidly among mitr@organisms
which are pathogenic to men and cause problems in theyhefanfections.
The development of antifungal drug resistanceCandida albicandollowing
prolonged exposure to azole antifungals is well establish4®).[ Fluconazole
has been widely used since 1988 for @&ndida albicansinfections which
resulted in the increase of the fluconazole resist#natins. Among the tested
C.albicansisolates, our study included 1 fluconazole resistant stfaxin MIC
and MFC values for that fluconazole resistant strain &asy/ml. That result
indicates that K9 type yeast killer protein may be a radternative in the

treatment of fluconazole resistaDialbicansstrains.

In our study we also tested oealbicansisolate from a patient with
vaginal candidiasis. Vaginal candidiasis is a fungal infecbbnany of the
Candida species, of whichC. albicansis probably the most common. The
majority of cases of vaginal candidiasis occurs irfgatly healthy women and
responds well to conventional antifungal treatmentsClandida vulvovaginitis
[143]. An estimated 75% of all females experience at leastepisodeof the
disease during their lifetime [144]. This tested albicansstrain isolated from
vaginal candidiasis was found to be susceptible to the K9 ywaest Kkiller

protein with a MIC value 8 pg/ml.
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K9 type yeast killer protein was also tested on severalbicansstrains
isolated from human blood to determine the antifungal speabfuiime toxin and
it was found to be effective on all the tested stramnabove mentioned MIC

ranges.

One of the most noteworthy aspects of this study iyt activity of
K9 type yeast killer toxin against the four strainsGofkruseiincluding both
clinical and standard isolates tested. Althougandida albicansis the most
common human yeast pathogetherCandidaspecies such &. kruseiare now
recognized asemerging agents, especially in patients with human
immunodeficiencwirus (HIV) diseaseC. kruseiis inherently resistant to the
widely used triazole antifungal fluconazole and poses thetiapproblems,
especially in systemic candidiasis.is thought that the wide use of the newer
triazole drug, fluconazole, in HIV-infected individuals isntduting to this
phenomenon. Studies in both humans and animals have nownsteated
prophylactic and therapeutic failure of fluconazole agafstkruseidue to
increasing resistance of the organism to this azole.Widespread use of the
newer triazole, fluconazole, to suppress fungal infections human
immunodeficiency virus (HIV) -infected individuals has wtduted to a
significant increase €. kruseiinfection [145,146]. K9 type yeast Killer toxin
showed an inhibitory activity against all of t8ekruseistrains with a MIC value
of 2 ug/ml whereas fluconazole MIC range is between 16 andy64l for this
species [135]. MFC range for theseC4 kruseistrains was between 2-8 pg/ml.
The MFC values of the K9 type yeast killer protein was ivelgt higher than the
MIC values forC. kruseiisolates compared to oth€andidaspp This may be
due to the growth characteristics of the organism. Pseudahgpbwth of the
strain with elongated and branched blastoconidia may plaplea in the
difference of the MFC values. Our findings demonstrated K@atype yeast
killer toxin may be used in fungal infections causedChkrusei This toxin can
also be used at oth€andidaspecies infections without the risk ©f krusei
invasion as a secondary infection since this pathagemwti resistant to K9 type

yeast killer protein.
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Until recently, Candida glabrata was considered a relatively
nonpathogenic commensal fungal organism of human mucssaésiHowever,
following the widespread and increased use of ImmunosuppeedsEvapy
together with broad-spectrum antimycotic therapy friguency of mucosal and
systemic infections caused I& glabratahas increased significantly. In fact,
depending on the site of infectio@, glabratais often the second or third most
common cause of candidiasifier C. albicans. A major obstacle ifC. glabrata
infections is their innate resistanweazole antimycotic therapy, which is very
effective in treatinginfections caused by othgCandida species, especially
fluconazole. Consequentl. glabratainfections have a high mortality rate in
compromised, at-riskhospitalized patients [147,148]. We have included a
standard strain o€. glabratain our study and the results showed that it is
susceptible to the K9 type yeast killer toxin at MIC anB@f 0.25 pg/ml.

C. guilliermondii and C. parapsilosiswhich are theother emerging
pathogens that can infect various sites in human bodye f@und to be
moderately susceptible to the K9 type yeast killer protathin the MICand
MFC ranges of 4->32 and 8- >32 ug/ml for guilliermondiirespectively, >32
pg/ml in the means of both MIC and MFC values@Gomparapsilosis These two
Candida spp had the highest MIC and MFC values among the difardida
spp This result may be due to the difference in cell wathpositions and may
be the difference in polysaccharide content of the waell which is used as a

target by the toxin.

Clinical isolates ofC. tropicalis and C. pseudotropicaligsolated from
human abscess and cutoneus candidiasis respectively wei asceptible to
the K9 type yeast killer toxin. Both the MI@ad MFCs were found to be 0.25
pg/ml for C. tropicalisand 2 pg/ml forC. pseudotropicalis

Saccharomyces cerevisiag a ubiquitous, ascomycetous yeast and is
commonly considered to be nonpathogenic. However, in the geveral years

this organism has been noted to be a human pathogen, pakyicuh
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immunocompromised patients. Vaginitis causedShgcharomycespecies has
been reported only rarely [149]. One strain &f cerevisiaewhich is an
opportunistic pathogen causing vaginitis was also includedisn study and
found to be susceptible to the K9 type yeast killer toxinogth MICandMFC of

0.5 pg/mi.

Opportunistic fungal infections resistant to antifungal &gdrave been
increasingly documented in recent years and their frequeitichkely continue
to increase. This phenomenon appears due largely to thaserteuse of
antifungal agents to treat fungal infections that typycaltcur in severely
immunocompromised and/or critically ill patients. The lezchave been widely
used to treat a variety of both superficial and invasive fungf@ctions.
Unfortunately, this broad usage led to both development qpiir@tl resistance
(especially among. albicang and to shifts in flora away from tl. albicans
and towards the less susceptible non-albicans species [15@yg&me of
resistance to antifungal drugs does not apjgebe a problem during their short-
term use but is a major problem for long term therapiesleselopment of new
antifungal agents especially with high selectivity onhpgenic yeast cells
gained importance. This study demonstrates that K9 type y#lespkotein may
be a potent antifungal for alternative treatment of chasis, as evidenced by
the low MICs obtained when it was tested against aetyaof fungal species.
Especially for the mucosal fungal infections such as vulyozh candidiasis
caused byC. albicansor S. cerevisiaethis antifungal toxin may be readily used
within topical formulations. Systemic use of this pnoteagainst fungal
pathogens that colonise in the blood stream might beh@ssith formulations

based on modern therapeutic systems such as nanospheres.

Dermatophytes are a group of morphologically and physioldgical
related molds that cause well-defined infections ineledtes. The incidence of
dermatophytoses has increased over recent years, [@aliculin
immunocompromised patients. Trichophyton Microsporum and

Epidermophytorare the causative agents of dermatophytosis and infetiathe
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skin, and nails [105]. In this study we also tested 9 dermat®psiyains
including Trichophytonand Microsporumspecies for their susceptibilities to K9
type yeast killer protein. All of the MIC values forsted dermathophyte strains
were found >64 pg/ml. Considering this it might be said Kt¢atype yeast killer
toxin can not show its hydrolytic activity againstdbasolates. This may be due
to the different cell wall composition structure of #hdsolates or due to the
difference in the binding affinities of the K9 type yeaiiektoxin to the major
cell wall components of these isolates. In this stuéyoliserved that K9 type
yeast killer toxin can not be used as a topical antifuageint for superficial

fungal infections caused by dermatophytes tested in this study.

Cell kiling kinetic of the K9 type yeast killer proteivas analyzed on
fluconazole resistar@andidakruseiATCC 6258 at the concentrations of MIC,
4, 8 and 16 times of the strain specific MIC value. Paitiaibition of growth
was noted at the concentration of MIC; however, thentskiowed fungicidal
activity againstC. krusei6258 at concentrations four or more times the MIC.
Thus, increasing the concentration of the toxin in smiutup to the maximal
concentration tested (16x MIC), resulted in improved antifuragaivity. K9
type yeast killer toxin showed its fungicidal actii§®.9% decrease in the log10
of the number of CFU/milliliter compared with startingoculum) againscC.
krusei 6258 at 4x the MIC. Cell kiling activity was started with ihd first 4
hours and reached the fungicidal endpoait 12 h. Complete cell death was
observed for the 4, 8 and 16 times the MIC concentratiod abur. This study
also demonstrates that K9 type yeast killer toxin hase-dependent effects
against testedCandida krusei ATCC 6258 because with the increasing

concentrations of the toxin the killing activity is regorofound.

Drugs that are the currently used against fungal infectsaeh as
amphotericin B, fluconazole, ketoconazole or itracoleazme not selective to
the fungal cells and cause severe side affects on thecdltsst New antifungal
drugs which target the components of yeast and fungal cedls vease

underdevelopment for treatment of fungal infections. Thersgs would not
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harm the host cell since the mammalian cells laatelh wall [151]. K9 type
yeast killer toxin exerts its lethal effect by hydroig the -1,3- glucan residues
of the cell wall of sensitive fungal cells and causess lof cell wall rigidity
which leads to cell death due to the osmotic pressurs.hhirolytic activity on
sensitive cells makes the K9 type yeast killer protein highbcsee antimycotic
agent especially again§tandidaspecies. The use of the K9 type yeast Kkiller
protein as an antifungal agent might be possible with apptepformulation

studies upon the antifungal spectrum determination of the ito this study.
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CHAPTER V

CONCLUSION

1. K9 type yeast killer toxin was found to be affectiveiagiaall of the
tested 22 strains of the gerDandidawithin the MICand MFC ranges of 0.25-8

png/ml except foCandida parapsilopsiandCandida guilliermondiisolates.

2. K9 type yeast killer toxin was found effective againsicdnazole
resistantCandida kruseisolates with a MIC value of 2 pg/ml for all of the tested

C. kruseiisolates.

3. MIC values of the K9 type yeast killer toxin on thadds9 strains of

human pathogenic dermathophytes were determined as >64 pg/ml.

4. K9 type yeast killer toxin exerts its cytotoxic effeathin 4 h and

kills the entire population at 24 hour.
5. Wide antifungal spectrum and selectivity of the toxin dugststrong
hydrolytic activity highlights the use of the K9 type yeadiekiprotein against

human fungal infections.

6. K9 type yeast killer protein might be used against human lfunga

infections with appropriate formulations.

76



REFERENCES

[1] Pfaff, Herman Jan., (1978) “The Life of Yeasts”.

[2] Natalie Rios., (2005) “An Episomal Model for Aging3accharomyces

cerevisaé The Journal of Undergraduate Research, .6; issue.6 .

[3] Goodenough H., (1984) Benetics 142-143, Holt Saunders Inter. Editions,
New York.

[4] Kimball's Biology Pages, last accessed on 08.03.2006
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/\d&téhtmi

[5] R.D. Gietz and R.A. Woods, (2002) “Methods Enzymol.” 350, 87.

[6] F.Sherman, (2002) “Getting started with yeast, Methods/faok” 350, 3-
41.

[7] Horst Feldmann, Yeast Molecular Biology, last accessed2011.2005.,
http://biochemie.web.med.uni-muenchen.de/Yeast_Biol/

[8] Diana L. Vullo and Monica B. Wachsman., (2005) “A simpl&éolatory

exercise for ethanol production by immobilized bakery wsakiurnal of Food

Science Education, .vol.4, 53-55.

I



[9] J.N. Strathern, E.W. Jones and J.R. Broach (1981.) “The Maleauld
Cellular Biology of the YeasbaccharomycesCold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York.

[10] Tillman U Gerngross (2004) “Advances in the production haman
therapeutic proteins in yeasts and filamentous fungi’ iéatBiotechnology

vol.22 number 11.

[11] Hitzeman, R.A., et al., (1981),"Expression of a human geneatéxferon in
yeast" Nature 293(5835):717-722.

[12] Born et al. (1984) "Expression of Human Preproparathyraidrdne inE.
coli and Yeast"Calcified Tissue InternationaVvol. 36 (suppl. 2), p. 287.

[13] Bevan, E.A. and Makower, M. (1963) “The physiological basihefkiller

character in yeast” Proc. Int. Congr. Genet. 11203.

[14] Bendova, O. (1986) “The killer phenomenon in yeadtalia microbiol
31: 422-433.

[15] Izgl F. and Alt nbay D., (1997) “Killer toxins of certainagt strains have
potential inhibitory activity on Gram-positive bactéridicrobios, 89, 15-22.

[16] Walker G.M., McLeod A.H., Hodgson V.J. (1995) “Interactionswaen
killer yeasts and pathogenic fungi”, FEMS Microbiology Left27, 213-222.

[17] Young T.W. and Yagiu M., (1978) “A comparison of the Killer retzder in
different yeasts and its classification”, Antonie Viaeeuwenhoek J. Microbiol.
Serol. , 44, 59-77.

78



[18] Starmer W.T., Ganter P.F., Aberdeen V., Lachance MA.., Phaff @987)
“The ecological role of killer yeast in natural comntig@s of yeasts”, Can. J.
Microbiol., 33, 783-796.

[19] Ramon-Portugal, F., M. L. Delia, P. Strehaiano, and J. P. Riba. (1998).
“Mixed culture of killer and sensitiv8accharomyces cerevisig&ains in batch

and continuous fermentations.” World J. Microbiol. Biotechnol. 1883

[20] D. Marquina ,A. Santos ,J.M. Peinado (2002) “Biology of killer ygastnt
Microbiol Review Article 5: 65-71.

[21] Philliskirk, G.; Young, T.W. (1975) “The occurrence of killer czter in
yeasts of various genera” Antonie van Leeuwenhoek, v.41, p.147-151.

[22] Stumm, C.; Hermans, J.M.; Middelbeek, E.J.; Croes, A.F.; Vaxris,
G.J.M.L. (1977) “Killer-sensitive relationships in yeastsnirmatural habitats”

Antonie van Leeuwenhoek, v.43, p.125-128 .

[23] Rosini, G. (1985) “Interaction between killer straindHainsenula anomala
var. anomalaand Saccharomyces cerevisigeast species.” Canadian Journal of
Microbiology, v.31, p.300-302.

[24] Rosini, G.; Cantini, M. (1987) “Killer character Kluyveromyces/easts:
activity onKloeckera apiculatd. FEMS Microbiology Letters, v.44, p.81-84.

[25] Woods, D.R.; Bevan, E.A. (1968)"Studies on the nature of {lex kactor
produced bysaccharomyces cerevisiag Gen. Microbiol.51: 115-126.

[26] Bussey H, Skipper N.(1975) “"Membrane-mediated killing of

Saccharomyces cerevisiaBy glycoproteins from Torulopsis glabrata J
Bacteriol.;124:476-483.

79



[27] Philippsen, P., Kleine, K., P6himann, R., Dusterhéft, A., Hamberg, K., (plus
83 authors) (1996). “The complete sequence of the 784 kb chromodvnod
S.cerevisiageveals an active evolutionary history highlighted bg cecent and

six ancient gene cluster duplications of 12 to 120 kb”. Nature 387, 93-98 .

[28] Schwartz, D.C. and Cantor,C.R. (1984). “Cell” 37, 67.

[29] Guthrie C., Fink G.R., (1991) “IGuide to Yeast Genetics and Molecular

Biology,” Academic Press Inc.

[30] A. Goffeau et al. (1996) “Life with 6000 genes” Science, 274, 546-567.

[31] Broach, J R.; Volkert, F C. (1991) Circular DNA plasmids yefasts:
genome dynamics, protein synthesis and energetics. dacBr] R, Pringle J R,
Jones E W., editors. The molecular and cellular biology h&# teast
SaccharomycesCold Spring Harbor, N.Y: Cold Spring Harbor Press; pp. 297—
331.

[32] Schmitt M.J. and Breinig F., (2002) “The viral killer syst in yeast: from
molecular biology to application”, FEMS Microbiology Revieve§,257-276.

[33] Stark M. J. R., Boyd A., Mileham A. J., Romanos M. A. (1990)€Th

plasmid encoded killer system KluyveromycesA review”, Yeast, 6, 1-29.

[34] Goto K., Y. lwase, K. Kichise, K. Kitano, A. Totuka, T. Ohadad S. Hara.
(1990)” Isolation and properties of a chromosome-dependent kill¢R toxin in
Saccharomyceserevisiae’, Agric. Biol. Chem, 54, 505-509.

[35] Bostian KA, Hopper JE, Rogers DT, Tipper D (1980) “Translation

analysis of the Kkiller-associated virus-like particle &NA genome of

Saccharomyces cerevisiae: M-ds RNA encodes toxin”. Cell 194168

80



[36] Herring, A. J., and E. A. Bevan. (1974). “Virus-like particlesoasated
with the double-stranded RNA species found in killer andiges strains of the

yeastSaccharomyces cerevisiag Gen. Virol. 22:387-394.

[37] Koltin, Y. and Leibowitz, M.J. (1988) ‘Viruses of Fungi and Siepl
Eukaryotes’ Marcel Dekker, Inc., New York.

[38] Sommer S.S. and Wickner R.B. (1982) “Yeast L dsRNA cansisat least
three distinct RNAs; evidence that the non-Mendelian g@HOK], [NEX] and
[EXL] are on one of these dSRNAs”. Cell 31, 429- 441.

[39] Bostian, K.A., Sturgeon, J.A. and Tipper, D.J. (1980) “Encapsidatfon
yeast killer double-stranded ribonucleic acids: dependenc®! adn L”. J.
Bacteriol. 143, 463-470.

[40] Tipper D.J. and Bostian K.A. , (1984) “dsRNA killer systems/¢ast” ,J.
Microbial. Rev., 48,125-56.

[41] Wickner, R. B. (1986) “Double-stranded RNA replication iragt: the
killer system”, Annu. Rev. Biochem., 55, 373—-395.

[42] Bussel P.J. et al., (1997) “Cloning, sequencing and expressianfudk
length cDNA copy of the M1 double-stranded RNA virus frohe tyeast
Saccharomyces cerevisia& east, 13(9), 829-836.

[43] Wickner, R.B. , (1993) “dsRNA virus replication and packaging” The
Journal of Biological Chemistry268 (6), 3797-3800.

[44] Wickner, R.B. and Leibowitz, M.J. (1976) “Two chromosomal genes

required for killing expression in killer strains 8accharomyceserevisia€’
Genetics 82, pp: 429-442.

81



[45] Bussey H. D., Saville D., Greene D. J., Tipper K. A., Bos8an(1983)
“Secretion of yeast killer toxin: processing of theagiyylated precursor”, Mol.
Cell. Biol., 3, 1362-1370.

[46] Dmochowska, A. et al. (1987) “Yeast KEX1 gene encodes aiymitat
protease with a carboxypeptidase-B-like function involvedilier toxin and

factor precursor processing.”Cell 50, pp: 573-584.

[47] Riffler F. et al. (2002) “Mutational analysis of K28 prepsoh processing
in the yeasSaccharomyces cerevisiadlicrobiology 148, pp: 1317-1328.

[48] Sugisaki Y., Gunge N., Sakaguchi K., Yamasaki M., Tamura G. (1984)
“Characterization of a novel killer toxin encoded by aulwle-stranded linear
DNA plasmid ofKluyveromyces lactis”"Eur J Biochem, 141, 241-245.

[49] Gunge N., Tamaru A., Ozawa F., Sakaguchi K. (1981) “Isolation and
characterization of linear deoxyribonucleic acid plasmiromKluyveromyces
lactisand the plasmid-associated killer character”, J Battetib, 382-390.

[50] Goto K, Fukuda H, Kichise K, Kitano K, Hara S. “Cloniagd nucleotide
sequence of the KHS Kkiller gene 8accharomyces cerevistaeAgric Biol
Chem. 1991, 55:1953-1958.

[51]Yamamoto T, Imai M, Tachibana K, Mayumi M. (1986) “Applicationh
monoclonal antibodies to the isolation and charactsizaof a killer toxin
secreted byHansenula mrakii’ FEBS Lett. 195:253-257.

[52] Kimura T. et al. (1993) “Isolation and nucleotide sequerfcthe genes
encoding the Kkiller toxins frollansenula mrakiandHansenula starnus Gene
137, pp: 265-270.

82



[53]Al-Aidroos, K. and Bussey, H. (1978) “Chromosomal mutants of
Saccharomyces cerevisiaffecting the cell wall binding site for killer factor”.
Canadian Journal of Microbiology 24, 228-237.

[54] Kasahara, S., Inoue, S.B., Mio, T., Yamada, T., Nakajima, Tsihaaj E.,
Furuichi, Y. and Yamada, H. (1994) “Involvement of cell waliglucan in the
action of HM-1 killer toxin”. FEBS Letters 348, 27-32.

[55] Takita, M.A. and Castilho-Valavicius, B. (1993) “Absence cafl wall
chitin in Saccharomyces cerevisidgads to resistance luyveromyces lactis
killer toxin.” Yeast 9, 589-598.

[56] Santos, A., Marquina, D., Leal, J.A. and Peinado, J.M. (2000) “(1;B)-
glucan as cell wall receptor fétichia membranifaciengiller toxin.” Applied
and Environmental Microbiology 66, 1809-1813.

[57] Kollar R., Petraskova E., Ashwell G., Robbins P.W., Cabib 129%)
“Architecture of the yeast cell wall. The linkage betwechitin and -(1-3)-
glucan”, J. Biol. Chem., 270, 1170-1178

[58] Hutchins, K. and Bussey H. (1983) “Cell wall receptor for y&#lier toxin:
involvement of -(1-3)-D-glucan.” J. Bacteriol. 154, pp: 161-1.

[59] Radler, F., Schmitt, M.J. and Meyer, B. (1990) “Killer toxin of
Hanseniaspora uvarustArchives Microbiology 154, 175-178.

[60] Radler, F., Herzberger, S., Scho'nig, I. and Schwarz, P. (1993)

“Investigation of a Kkiller strain oZygosaccharomyces baili'.iJournal of
General Microbiology 139, 495-500.

83



[61] Schmitt, M. and Radler, F. (1988) “Molecular structure of ¢ted wall
receptor for killer toxin KT28 inSaccharomyces cerevisia®urnal of
Bacteriology 170, 2192—-2196.

[62] Breinig, F. et al. (2002) “Krelp, the plasma membrane recépttine yeast
K1 viral toxin”. Cell 108, pp: 395-405.

[63] Schmitt, M. J. et al. (1989) “Inhibition of DNA synthesisSaccharomyces
cerevisiaeby yeast toxin K28". J. Gen. Microbiology 135, pp: 1529-1535.

[64] White, J. et al. (1999°Kluyveromyceslactis toxin does not inhibit yeast
adenyl cyclase”. Nature 341, pp: 666-668.

[65] Kagan B.L. (1983) “ Mode of action of yeast killer toxinshannel
formation in lipid bilayers ”, Nature302, 709-711.

[66] Izgl F. and Altnbay D. (2004). “Isolation and characteiopabf the K5
type yeast killer protein and its homology with an éxb; 3-Glucanase”, Biosci.
Biotech. Biochem. 68(3), 685-693.

[67] Yamamoto, T. et al.(1988) “ In vitro activity of the &illtoxin from yeast
Hansenula mrakiagainst yeasts and molds ”. J. Antibiot. 3, pp: 398-403.

[68] Kimura, T. et al. (1997) “A novel yeast gene, RHK1, is imedl in the
synthesis of the cell wall receptor for the HM1 kiltexin that inhibits (1,3)-

D-glucan synthesis.” Mol. Gen. Genet. 254, pp: 139-147.

[69] Yamamoto, T. et al.(1985) “Killer toxin frordansenula mrakiselectively

inhibits cell wall synthesis in a sensitive yeastEBES 167(2), pp: 550-554.

84



[70] Takasuka T., Komiyama T., Furichi Y., Watanabe T. (1995) “Geill
synthesis specific cytocidal effect oHansenula mrakii toxin-1 on

Saccharomyces cerevisige'Cell Mol Biol Res, 41, 575-581.

[71] Ashida, S., S. T. Shimazaki, K. Kitano, and S. Hara. (1983) “kidiar
toxin of Hansenula mrakii Agric. Biol. Chem. 47:2953-2955.

[72] Boone, C. et al. (1986) “Yeast killer toxin: site directautations implicate

the precursor protein as the immunity component.” Cell 4610p:113.

[73] Zhu, Y. S. et al. (1993) “Role of the gamma component efpiteprotoxin
in expression of the yeast K1 killer phenotype” Yéas251-266.

[74] van Vuuren, H. J. J., and C. J. Jacqi®©92). “Killer yeasts in the wine
industry: a review” Am. J. Enol. Vitic. 43:119-128.

[75] Palpacelli, V., M. Ciani, and G. Rosini. (1991) “Activity different "killer"
yeasts on strains of yeast species undesiderable in fohdtiy.” FEMS
Microbiol. Lett. 84:75-78.

[76] Morace, G., S. Manzara, G. Dettori, F. Fanti, L. Campana, lon&lb, and
C. Chezzi. (1989) “Biotyping of bacterial isolates using kiler system.” Eur.
J. Epidemiol. 5:85-90.

[77] Sawant, A. D., A. T. Abdelal, and D. G. Ahearn. (1988) “Aaindida
albicans activity of Pichia anomalaas determined by a growth rate reduction
assay”. Appl. Environ. Microbiol. 54:1099-1103.

[78] Sawant, A. D., A. T. Abdelal, and D. G. Ahearn.(1989) “Purificatamd
characterization of the arflandida toxin of Pichia anomala WC 65".
Antimicrob. Agents Chemother. 33:48-52.

85



[79] Hodgson V.J., Button D., Walker G. (1995) “Anti-Candida activity aof
novel killer toxin fron the yeastilliopsis mrakif, Microbiology, 141, 2003-
2012.

[80] Shimizu, K. (1993). Killer yeastsin G. H. Fleet (ed.), Wine microbiology
and biotechnology. Harwood Academic, Chur, Switzerland, 243-264.

[81] Boone Cet al, (1990) “Integration of the yeast K1 killger toxin gene into
the genome of marked wine yeasts and its effect ofication”, Am. J. Enol.
Vitic. 41(1), 37-42.

[82] Martini, A. (1993). “Origin and domestication of the winesagt
Saccharomyces cerevisiad. Wine Res. 4:165-176.

[83] Rosini, G., F. Federici, and A. Martirfl982). “Yeast flora of grape berries
during ripening.” Microb. Ecol. 8:83-89.

[84] Jijakli, M. H., and P. Lepoivre. (1998). “Characterizatidnano exo--1,3-
glucanase produced Bichia anomalastrain K, antagonist dBotrytis cinerea
on apples”. Phytopathology 88:335-343.

[85] Kinal, H. et al. (1995) “Processing and secretion of allyirencoded
antifungal toxin in transgenic tobacco plants: evidenceafétex2p pathway in
plants”. Plant cell 7, pp: 677-688.

[86] Park, C. M. et al. (1996) “High level secretion of aaMyr encoded
antifungal toxin in transgenic tobacco plants”. Plant Mabl.BBO, pp: 359-366.

[87] Ginsberg, 1. (1992). “Th&stilago Killer System: The Organization of the

Toxin Encoding Genes and Characterization of Their PteducPhD

Dissertation (Tel Aviv: Tel Aviv University).

86



[88] Martinac, E.,Zhu, H., Kubalski, A., Zhou, X.L., Culbertson, M., Bussey,
H., and Kung, C. (1990). “Yeast klller toxin forms ion channels in sensitive
yeast spheroplasts and in artificial liposomes.” Procl. Matd. Sci. USA 87,
6228-6232.

[89] Kaoltin, Y., and Day, P(1975). “Specificity of theUstilago maydiskiller
proteins.” Appl. Microbiol.30,694-696.

[90] Romanos, M. A. et al. (1992) “Foreign gene expression int:yaasview.”
Yeast 8, pp: 423-488.

[91] Giga-Hama Y. and Kumagai H. (1999) “Expression system fogigo
genes using the fission yedthizosaccharomyces porfipBiotechnol. Appl.
Biochem. 30, pp: 235-244.

[92] Buckholz, R. G., and M. A. G. Gleesofi991). “Yeast systems for the
commercial production of heterologous proteins.” Bio/Tetdgy9:1067-1072.

[93] Swinkels, B. W., A. J.J. van Ooyen, and F. J. Bonekdd@93). “The
yeast Kluyveromyces lactisas an efficient host for heterologous gene

expression.” Antonie Leeuwenhoek 64:187-201.
[94] Walsch, D. J. and Berquist, P.L. (1997) “Expression and setreti@a
thermostable bacterial xylanase in Kluyveromyces lactSgpl. and Env.

Microbiol. 63 (8), pp: 3297-3300.

[95] Tokunaga, M., M. Ishibashi, D. Tatsuda, and H. Tokungda97).
“Secretion of mouse-amylase fronKluyveromyces lactis Yeast 13:699-706.

87



[96] Fleer, R., P. Yeh, I. Maury, N. Amellal, A. Fournier, F. Bacchefa
Baduel, G. Jung, H. I'H6te, J. Becquart, H. Fukuhara, and J. F. Mg{&941).
“Stable multicopy vectors for high-level secretion ofcambinant human
serumalbumin iKluyveromyces yeastsBio/Technology 9:968-975.

[97] Cregg, J.M., T.S. Vedvick and W.C. Raschke. (1993). “Recent advances

the expression of foreign genesPichia pastoris’ Bio/technology, Vol.11, 905.

[98] Clare, J.J., F.B. Rayment, S.P. Ballantine, K. Sreekrisiama
M.A.Romanos, (1991). “Highlevel expression of tetanus toxin fragn@ in
Pichia pastorisstrains containing multiple tandem integrations of tene.”
Bio/technology, Vol 9, 455-460.

[99] Digan, M. E., S. V. Lair, R. A. Brierley, R. S. Siegel, M. E. hafihs, S. B.
Ellis, P. A. Kellaris, S. A. Provow, W. S. Craig, G. Velicelemd M. M.
Harpold. (1989). “Continuous production of a novel lysozyme vieetien from
the yeastPichia pastoris” Vol 7, 160-164.

[100]Ainsworth, G. (ed.). (1973). “The fungi, an advance treatideddemic
Press, New York, N.Y.

[101] Cox, G., and J. Perfeql993). “Fungal infections.” Curr. Opin. Infect.
Dis. 6:422-426.

[102] Fox, J. L.(1993). “Fungal infection rates are increasing”. ASM News
59:515-518.

[103] Levitz, S. (1992). “Overview of host defenses in fungtdcitions.” Clin.
Infect. Dis. 14:37-42.

[104] Pfaller, M., and R. Wenzd]1992). “Impact of the changing epidemiology
of fungal infections in the 1990's”. Eur. J. Clin. Microbiol. Dis:28[7-291.

88



[105] Garber G., (2001) “An overview of fungal infections”, Drugs, B12.

[106] Weinstein, A. and Berman, B., (2002) “Topical treatmentt@hmon
superficial tinea infections”, American Family Physician, 3895-20102.

[107] Coloe S.V., Baird R. W., (1999) “Dermathophyte infectionsi@ibourne:
Trends from 1961/64 to 1995/96”, Pathology, 31, 395-397.

[108] Odds FC "Candida and Candidosis" second edition, Baillleneall,
(1988).

[109] Hart S., Bell-Seyer M., Crawford F., Young P., Russell 1., (1999)
“Systemic review of topical treatments for fungal irtfens of the skin and nall
of feet”, BMJ, 319, 79-82.

[110] Castrejéon OV, Robles M & Arroyo OEZ (1995). “Fatal fungemia tiue
Sporothrix schenckii. Mycoses38: 373-376.

[111] Findlay, G. H., H. F. Roux, and I. W. Simson. (1971). “Skin

manifestations of disseminated aspergillosis”. Br. J. D&ir35:94-97.
[112] Walsh TJ, Van Cutsem J, Polak Akt al (1992) “Immunomodulation
and antifungal therapy of experimental invasive candidosssogtasmosis and

aspergillosis: Recent advances and conceptsleéd Vet Mycgl30: 225-40.

[113] Levitz SM (1991): “The ecology dfryptococcus neoformarand the
epidemiology of cryptococcosis”. Rev Infect Dis Nov-D&8(6): 1163-9.

[114] Hazen K. C., (1995) “New and emerging yeast pathogens”, ClcroMi
Rev.”, 8, 462-478.

89



[115]Cohen, M. L. (2000). “Changing patterns of infectious diseadature
406, 762—7.

[116] Magliani, W., Conti, S., Gerloni, M., Bertolotti, D. & PoldiheL. (1997)
“Yeast killer systems.Clinical Microbiology Review40, 369—-400.

[117] Conti, S., Magliani, W., Gerloni, M., Salati, A., Dieci, E., &mg S.et al.
(1998). “A transphyletic anti-infectious control strateggsed on the Killer

phenomenon.FEMS Immunology and Medical Microbiolog®, 151-61.

[118] Polonelli L. , Lorenzini R., De Bernardis F., Morace (&986) “Potential
therapeutic effect of yeast killer toxinVJycopathologia,96, 103-107.

[119] Mathews H.L., (1998) “Effect d®ichia anomolakiller toxin onCandida
albicans”, Medical microbiology: official publications of the Int.o& for

Human and Animal Mycology, 58, 199-204.

[120] Pappas PG, et al. (2004) “Guidelines for treatment ofidiasd.” Clin
Infect Dis 38 (2) :161-89.

[121] Iwata K (1992) “Drug resistance in human pathogenic fungi.” Eur
Epidemiol 8:407-421.

[122] J. E. Gander(1974) “Fungal Cell Wall Glycoproteins and Peptido-
Polysaccharides” Annual Review of Microbiology Vol. 28: 103-120.

[123] W. Lajean Chaffin, José Luis Lépez-Ribot, Manuel Casandaniel
Gozalbo, and José P. Martinez (1998) “Cell Wall and Secreteteins of
Candida albicans: Identification, Function, and Expressioitiddiol Mol Biol
Rev, p. 130-180, Vol. 62, No. 1.

[124] Richard Diamond Ed. (1999) “Atlas of Fungal Infections”

90



[125] Barnett, J A.; Payne, R W.; Yarrow, D. (1990) “Yeasts. Chamatits and
identification.” 2nd ed. Cambridge, United Kingdom: Cambridge Uniters

Press;

[126] National Bioresource Development Boafdkept. of Biotechnology
Government of India, New Delhi, last accessed on 26.03.2006.

http://www.nio.org/Biology/ascomycetes/NBRD6.pdf

[127] zgl F., Alt nbay D., impreperation “Killer Toxin &f.mrakii, NCYC 500,
purification and its characterization” to sebmitted to Enzyme Microb.

Technol

[128] Brown J.L., Roemer T., Lussier M., Sdicu A.M., Bussey H (1993) “The
K1 killer toxin: molecular and genetic applications to edon and cell surface
assembly”. In: Johnston JR (eds) Molecular Genetics ®@as¥, A Practical
Approach, Oxford University Press, New York, 217-231.

[129] Bradford M (1976). “A rapid and sensitive method for the tiadion of
microgram quantities of proteins utilizing the principle psbtein-dye binding.”
Analytical Biochemistry72: 248-254.

[130] Laemmli U.K., (1970) “Cleavage of structural proteins during the
assembly of the head of bacteriophage N&ture, 227, 680-685 .

[131] Morrissey J.H. , (1981) “Silver stain for proteins in palyylamide gels:A
modified procedure with enhanced uniform sensitivity” , |ArBiochem.

117,307-310.

[132] Wilson C.M. , (1983) “Staining of proteins on gels:Compmerief dyes
and procedures” , Methods in Enzymology , 91 , 236-247.

91



[133] Giulian G.Get al , (1984) “Analytical isoelectric focusing using a high-
voltage vertical slab polyacrylamide gel system” ,|ABachem. , 142 , 421-
436.

[134] Vesterberg O., (1971) “Isoelectric focusing of proteins” ctitg@horetic
Procedures , 22,389-411.

[135] National Committee for Clinical Laboratory Standand997). Reference
method for broth dilution antifungal susceptibility testing efagts. Approved
standard NCCLS document M27-A.National Committee for CdinLaboratory
Standards, Wayne, Pa.12.

[136] National Committee for Clinical Laboratory Standai2i30Q). Reference
method for broth dilution antifungal susceptibility testing cohidium-forming
filamentous fungi. Approved standard NCCLS document M38-A.ioNait
Committee for Clinical Laboratory Standards, Wayne, Pa.

[137] Canton E., Peman J., Gobernado M., Viudes A., Espinel-Ingroff A., (2004)
“Patterns of amphotericin B kiling kinetics againstven Candida species
Antimicrob Agents Chemother., 48(7), 2477-2482.

[138] zgu F., Altnbat D., Sertkaya A., (2005) “Enzymic activity of K& type
yeast Kkiller toxin and its characterization”, BiosciiotBchnol. Biochem., 69,

2200-2206.

[139]Selitrennikoff C. P. (2001) “Antifungal proteins”, Apll. Enwr.
Microbiol., 67, 2883-2884.

[140] Rinaldi, M. G.(1993). “Biology and pathogenicity @andidaspecies, p.

1-20. Raven Press, New York.

92



[141] Coleman, D. C., M. G. Rinaldi, K. A. Haynes, J. H. Rex, R. C.
Summerbell, E. J. Anaissie, A. Li, and D. J. Sullivan. (1998). “Impogeof
Candidaspecies other thabandida albicansas opportunistic pathogens.” Med.
Mycol. 36(Suppl. 1)156-165

[142] Maenza J.R., Keruly J.C., Moore R.D., (1996) “ Risk factar fo
flucanazole- resistant candidiasis in human immunodeigievirus infected
patients”, 173, 219-225.

[143] Duerr, A., M. F. Sierra, J. Feldman, L. M. Clarke, |. Ehrlichd a.
DeHovitz. (1997). “Immune compromise and prevalence of Candida
vulvovaginitis in human immunodeficiency virus-infected mem.” Obstet
Gynecol. 90:252-6.

[144] Sobel J. D., (1985) “Epidemiology and pathogenesis of recurrent
vulvovaginal candidiasis”, Am. J. Ostet. Gynecol., 152, 924-935.

[145] Samaranayake L.P., (1997C&dndida kruseiinfections and fluconazole
therapy” , HKMJ, 3, 312-314.

[146] Samaranayake L.P., (1997C&ndida krusei biology, epidemiology,
pathogenicity and clinical manifestations of an emergiaghogen”, J. Med.
Microbio., 41, 295-310.

[147] Hitchcock, C. A., G. W. Pye, P. F. Troke, E. M. Johnson, andvD.
Warnock. (1993). “Fluconazole resistance dandida glabrata® Antimicrob.
Agents Chemother. 37:1962-1965.

[148] Vanden-Bossche, H., P. Marichal, F. C. Odds, L. LeJeune, an@d. M.

Coene. (1992). “Characterization of an azole-resi€tandida glabratasolate.”
Antimicrob. Agents Chemother. 36:2602-2610.

93



[149]Sobel J D, Vazquez J A, Lynch M, Meriwether C, ZervosIM1993)
“Vaginitis due toSaccharomyces cerevisiagpidemiology, clinical aspects, and
therapy”. Clin Infect Dis.; 16:93-99.

[150]Marcelo D. Martins, MD and John H. Rex, MD (1997) “National
Foundation for Infectious Diseases” Volume I, Issue 3.

[151] Hector R.F., (1993) “Compounds active against cell wallsnedlically

important fungi”, 6, 1-21.

94



APPENDIX A

CHEMICALS AND THEIR SUPPLIERS

Acetic Acid (Merck, Germany)
Aceton (Merck, Germany)
Acrylamide (Boehringer Mannheim, Germany)
Ammoniumpersulphate (Pharmacia Biotech, Sweden)
Bacto-agar (Difco, USA)

Bacto-peptone (Difco, USA)

Bis-acrylamide (Boehringer-Mannheim, Germany)
Bovine Serum Albumine Fraction V (Boehringer-Mannheimin&Gany)
Bromophenol Blue (Sigma, USA)

Butanol (Merck, Germany)

-mercaptoethanol (Sigma, USA)
Citric Acid (Merck, Germany)
Coomassie Brilliant Blue R-250 (ICN, USA)
Coomassie Brilliant Blue G-250 (ICN, USA)
Dithiothreitol (DTT) (Boehringer Mannheim, Germany)
D-Glucose (Merck, Germany)
Di-sodium Hydrogen Phosphate (Merck, Germany)
Di-potassium Hydrogen Phosphate (Merck, Germany)
Ethanol (Merck, Germany)
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Formaldehyde (Riedel-de Haen, Germany)
Glutaraldehyde (Fluka, Switzerland)

Glycerol (Merck, Germany)

Hydrochloric Acid (Merck, Germany)
Laminarin fromLaminariadigitata(Sigma, USA)
Methanol (Merck, Germany)

PDA (Merck, Germany)

Phosphoric acid (Merck, Germany)
Potassium Dihydrogen Phosphate (Merck, Germany)
RPMI 1640 (Sigma, USA)

Silver Nitrate (Merck, Germany)

Sodium Carbonate (Merck, Germany)
Sodium chloride (Merck, Germany)

Sodium Dodecyl Sulfate (Merck, Germany)
Sodium Hydroxide (Merck, Germany)

Sodium Sulfate (Merck, Germany)

TEMED (Pharmacia Biotech, Sweden)
Trichloroacetic Acid (Merck, Germany)

Tris (Merck, Germany)

Yeast extract (Difco, USA)
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APPENDIX B

BUFFERS AND SOLUTIONS

Buffers / Solutions

Composition

SDS-PAGE

Monomer Solution

4X Running Gel Buffer
4X Stacking Gel Buffer
SDS

Initiator

2X Treatment Buffer

Tank Buffer

Coomassie Blue Stain

Destain Solution

30.8% T, 2.7% Gs

1.5 M Tris-Cl, pH 8.8

0.5 M Tris-Cl, pH 6.8

10%

10% Ammonium Persulfate
0.125 M Tris-Cl , 4% SDS ,

20% Glycerol , 10% -
mercaptoethanol , 0.020%
Bromophenol blue , pH 6.8
0.025 M Tris, 0.192 M Glycine
0.1% SDS, pH 8.3.

0.025% Coomassie Brilliant Blue
R-250, 40% Methanol , 7% Acetic
Acid.

40% Methanol , 7% Acetic Acid
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Destain Solution

Silver Stain

Destain Solution

Destain Solution
Cross-linking Solution
Dithiothreitol(DTT) Solution
Silver Nitrate Solution
Sodium Carbonate

Developing Solution

Isoelectric Focusing

Monomer Solution
Anolyte

Catholyte

Fixative

Fixative

Stain

Destaining Solution

5% Methanol , 7% Acetic Acid

40% Methanol , 7% Acetic Acid
5% Methanol , 7% Acetic Acid
10% Glutaraldehyde

5 g/ml

0.1% wliv

3% wiv

3% sodium carbonate ,

0.019% formaldehyde.

30.8% T, 2.7% Gs

0.02 M Acetic Acid

0.02 M Sodium Hydroxide

20% Trichloroacetic Acid

40% Ethanol , 10% Acetic Acid ,
0.25% SDS.

40% Ethanol , 10% Acetic Acid ,
0.125% Coomassie Blue R-250.
40% Ethanol , 10% Acetic Acid
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RPMI 1640 Components

Conc.

(mg/L)
INORGANIC SALTS:
Calcium nitrate (Ca(NO3)2 4H20) 100.00
Potassium chloride (KCI) 400.00
Magnesium sulfate (MgSO4 ) 48.84
Magnesium sulfate (MgS0O4 7H20) 100.00
Sodium chloride (NaCl) 6000.00
Sodium Phosphate (Na2HPOA4) 800.00
OTHER COMPONENTS:
Glucose 2000.00
Glutathione Reduced 1.00
Phenol red 5.00
AMINO ACIDS:
L-Arginine 200.00
L-Asparagine 50.00
L-Aspartic Acid 20.00
L-Cystine dihydrochloride 65.00
L-Glutamic Acid 20.00
L-Glutamine 300.00
Glycine 10.00
L-Histidine 15.00
L-Hydroxyproline 20.00
L-Isoleucine 50.00
L-Leucine 50.00
L-Lysine hydrochloride 40.00
L-Methionine 15.00
L-Phenylalanine 15.00
L-Proline 20.00
L-Serine 30.00
L-Threonine 20.00
L-Tryptophan 5.00
L-Tyrosine disodium, dihydrate 29.00
L-Valine 20.00
VITAMINS:
Biotin 0.2
D-Ca Pantothenate 0.25
Choline Chloride 3.00
Folic Acid 1.00
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i-Inositol

Niacinamide

p-Aminobenzoic Acid (PABA)
Pyridoxine HCI

Riboflavin

100

35.00
1.00

1.00
1.00
0.20



