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1. ABSTRACT 
LY3û3366 &Y) is an invcstigathmi tchinncandin that has dcmMIStrafCd activity 

againw C<rndub species. We attcmpttd m isolaa an LY rcsistant mutant by plstiag the C. 

of iocubatia at 3S°C vay smalr coionics were o b t m d .  <)nt cdony was sclected a d  

npeatcdiy subcuiaired on BHI with 1 LY. A f k  5 passages the MIC was 

demonstratcd tû k l e 2 8  p@kd LY, (~ild type MIC = 0.04 @d, ~II hciease of 32X). 

Howeva, when 6 colanies were individdy subculW to Sabouraud dextriose agar 

(SDA) plates, oniy 3 riemaiaed mistant to LY. Ont of the transient mutant strains was 

evaiuatcd in terms ot: antifungal susceptibility (amphotcricin B, 5-Qucytosint, flucomle, 

L e t o c o ~ i e ) ,  &rowth, stability, and phamiacodyneniic tmie-kill cmes. Therie were no 

diffmnces observai betwcea parent aod transient mutant soains in antifirngd 

susceptibility, or giMh pattcnis. Transient mistant s m i m  nverted back to the pamnt 

M C  af ta  3 passages on SDA. The resistaace phenocype was r e s d  when this striUii 

was cuitined on BHl with 1 p@bl LY. The transient &tant soain exhibit regrowth 

during phamiacodynamic tirne-kill CUNCS at 1X MIC of LY aha this saaiD had reverted 

to the wiid type MIC Ope of the stable mutant wains was cvaluBten in ~~HIIS o t  

antifungal susceptiùiùity (amphotericin B, 5-ficytosine, fiucociamle, ketoconalrile), 

morphobgy, gmwth, stabiiity, pbannacodyaamic time lall-cu~~es, and germ tube 

f~zmatioa. Th= wae  no diffixeaces observed in antifungal susceptibility, maphology, 

and p w t h  patterns, betwcea parcnt and stable mutant strains. Pharmacod~c  the-kill 



c~mswenperformcdonbothprircntiidaabkmiitint~at 1Xand 1OXthcir 

respective MICs ofLY. 'Ihrrt was no ciiffimncc o b t m d  in the emouat of kiil in eithu 

straiii.Inbah~tbtminnmmcoaceMntionneededmmbibitgcmi~~beswas 1l8X 

MIC Tb mutant wu passed 19 tllnes ami stiü maintainrd its ebvated MIC. b 

conclusioa, an in vitro mutant @tant to LY was crwtsd and de~~~)astratd no change in 

susoeptibiity to othu antifiingah, morphology. p w t h ,  or germ tube fobm8tion. 



II. INTRODUCTION 

Fimgal inhticm hive histmicaily not had die dranrtic impact that bacmial a 

Virplinfictioilsh.wbdonthchumenspecics.'Thaaeno(geupoade~ao 

quidents to the piapcs. potptD famines. ycIlow fcvcn, chob, and Black Dcaihs that 

have d such &vastation." ' This may be part of the rrum that medical mycology is 

an area lhPt is na as wcii devc10pea as a<her areas ofmlcmbioIogy. This may aiso explain 

the few nmbcr dantifungai agents relative a> mibacocrial antibioticsi. However as aie 

author has chamct&d if tbQt hm ken  an ' ~ o u s  epiâcmic of mywtic Mixtions 

that has bcen emcrging for the past 15 ~~815." ' For tx81~1ple. btwecn the ycar 1980 and 

1990 tbat was a 30096 inaase in the incidence of d d o s i s  and aspagilosis 

nosocornial infictions. Thae are a numkr of 1ie8solls fa the increase in fimgri 

infections. Fuagi teid to be O- pothogens anà hence any fatar which modifies 

the nOZH1B]( defenses d the body WU incrrase fungal idbions. The biggest facm is 

immunosup~sioa sttmming fbm a number of causes inc1uRing AIDS, leuloemia, caofg 

chemotherapy and agan transplantation. Odm f- that have contributeci to this 

irinease inclde invasive surgery, indweiiing cathemhion, incrraîed use of broad 

spectmm antibiotics, corthsteroid tbcrapy ami tosl p a r e n d  nutrition tbesepy. ' One 

can see how many ofthe f~ctors contributhg a> the rise in fuagai infections are ianogenic 

in nature, h t  is they are a result of mo&m d c a l  pxoceduries. Qeatly oppomullstic 

fungai infections are a &us problem on the rise. 'Ibis Wty heightens the need for 

gnatex unthstanding of both fungal pathogens and antifungal compounds- 



B. Fungal œll 
Wheit do fitogi fit in tht wodd of the microbes? To lnswa this Ppestion one must 

circulat chiomosaiie with no nucleus, &ck organeles, have pcptidogiygm in thàr celi 

wds; and lack sterois in ihea œiï membraats. Fun@ bave a âipIoid Iincar chmmsom 

with a nucleus; wntain organelles in dicir cytop- have giucan, chith, and maman as 

tbekmain ceii dcoiIlstituents; and contain ergosterol in kir dl membrane. Since fungi 

and mmmahm cc& am both eueayaic diere art fewcr diffe~ences to exploit in 

developing anmgal agems that are n a  toxic to human ceiis. The fimgal ceil waii and the 

presence dergostem1 in the fungat au membrane an nn, areas of divergence with 

mrmimniian alls that mtifiiagai compouads can exp1oit. The ami funpi is a kingdom 

ciassification with yeast and mold being the two main divisions within the kingdaia Yeasts 

are unicellular or@srns thu gmw by biiAcling. Mdds arc muiticeîiuiar organisms that 

gmw by myalium (tube-like) f m t i o a  Tbae m some fungi that exhibit both phases of 

growth Mda dineicnt conditions. ' 
Tbe celi waU is an imponant charactcristic of the fimgai di. Tht ceii wall makes 

up approximateIy one tliird of the mal ccli weighr The ceil w d  of the yeast Canduia 

albicw is medc up of 85% carbohydrates. The majmty of these are giucan, mannan. and 

chitin. Two thirds of the total carbohydratc content is glucan, which is a 1.6-a orl.3-p 



Figure 1: Biastoami& (B), getm tub (GT) and h y p h  (8) of ~rrndi i r to arlbjclu~s- 

Tbe 811angtmmt of these feaanw in the ceii waii is na compietely untiEtntood 

However g e d y  the xuannoproteuls, manuan, and 1,b~glucan are thought to makc up 

die outer laya, whiic 1,3-~glucan. c m ,  and som msnnopmtein are thought to make 

up the inner lpyer (sec Figure 2). It is the mannoproteins that fonn the major antigenie 

determinant in CMdida spccics. Inner layers provide the smictural support for the œil. 

Some of tbis support caiies h n  the covalwit cross-Wg bemmn chith and glucan. 



Cd waü componcnt~ play a hgc role in the mofphogeaesis of the fiingai aU. Thert is 

c k  evi&nce fa mnlifirab'on d a U  wpll soiiciiin during bhoconidia and hyphal 

giowtb, One M y  which examinecl sph~îastre&encraticm foui  aiat a chith mesh was 

faid down initially, upm which the ahaco~stitucnts wac buiit It was these &ter prim 

that detcimiirrl the chipe of tbe ce& With regmi to tbe myceIial phase of t&is species 

tbcreaieaaneclertchangesiottLeyeacta~waILBesidcsan~inchitintbenis 

aiso a change in the type atf~glucan in the all dming myœlial growth, in the myceliai 

phase ibge is au Uicrrpst in the activity uf 1,3-Fgiucan synthaat. There is  a also a change 

in the a U  wall caiipositian, with the 1,3-~gliran making a largcr proportion of the 

glucan coupnent than 1,6-~gIucaa It is interesthg to note that two potential antifungal 

agents, e c h i n m  and nikicmycins, inbibit tbe symbesis of 1,3-~glucan and chitin 

xespectivtly. 

FlBRlLLAR LAYER 

MANNOPROTEIN 

f l  GLUCAN 

BGLUCAN-CHITIN 

MANNOPROTEIN 
PLASMA MEMBRANE 

Figure 2: Schematic of Concad4 albicctlts ceil waM stnrhw. ' 



nie fiin@ OU mtmbraae plays an imponant mle in dit en-tai contriol 

betwan dit cytoplanm and the enaiul tnvir01111ltnt b conpositiotl is apaoieoslely 

8û%lipids, lû%pm<ciaradS% sugars.Iapimaryfimctionisiaactiagasa~ 

betwccn the intcxiœ ad exeriœcompotlcnts of the alL U is  irnp1icatccL in the eansport of 

mamlllinrndartdtheaLniiscaaoccm~@diffusion,@ve~ud 

~ ~ t t n n s p m A c t i v e ~ i s ~ t ~ g y n q u i r i n g p r o c c s s b i a t ~ t 8 t t s t h s i n a ~ ~  

andtfn\1xd~wtk'Ihisisanimpaÿauit~asapottntiarmcchiinismofmtifunpai 

nesistance. As well the membrane provides a suppon foi tbe enzymes involved in ceU wall 

synthesis including chith synthase, and gïucan synthasc. The membrane is aiso the targtt 

site for bah the polycnes a d  amle antiningals. Thcy ait involvcd in inncasing the celi 

membrane permeability. * 

C. ûpportunist~c WngaI patnogens 
The clinical maaifestatims of the mst  comtmn oppoministic h g a l  infections 

wi l i  be exaniined M y ,  Aspergillus species is an invasive moid that i s  as- with 

'O The most common site d infiction is in the lung whaa it causes paeumoma. In the 

lung the invding hypbac can fomi a k g a l  bal& causing branchial obstruction and tissue 

necrosis. Odier sites of MtCtion include the car, sinus, eye, CNS. and skin. 'O  

Crpto~occw neoformcurr is mother oppoministic fungus that has had increased 

p v a l a œ  in the last nimiber of years. It has cane into pmmhenœ sincc the emergence 

of the HIV epidemic. ' C. neofomuinr is a found in the feccs of pigeons anà infecton 

occm via inhsl.<inn. lL The amja site of clinid mrrnifestation is the CNS. mer sites of 



associaad with a clinicai xnaxifiestation of pneumonia The disease will occm in 80% of 

AIDS patients without chemoprophyluis. 13 If untrcated du diseme foiïows a rapid 

course ofrcspirafoiy insufncitncy 1eadhg to death. Even with aggnssive iticrspy the 

SuNival ratc is only 3040%. l3 

The opporturWc yeast Condido albiccu~c was the focus of our study and hence 

wîli be the focus foi the icst of this limaoint review. Thac arc over 150 species of the 

genus CiznâW, with 10 rpecies being impmtant human pathogcns. l5 C. albkans is 

known to be the most pathogeaic specks. l6 C .  species cnt mw the nfoi m s t  

common blood isolate in hospitals. " Oropharyngtal candidiriaiz (OPC) is the most 

cotnmcm fun@ inf'cctioa in patients wibi HIV. l8 OPC w i i i  occur in mm than 8û% of 

HIV patients, and 20% of these wii l  go on to develop esophageal candidiasis. l9 In patients 

with maligmmcies tbc most cornmon site of infectioa is the stomach, with some 

involvemnt of the d and large intestines. The fams of d d i a s i s  are quite varid and 

the classification of the cliaical manifestations is di* into mucous membrane and deep 



mgan MCCtiOllS. Vaginal ~ismostconmiDnlysœnindiabetcsm~liitus, 

pngnancy, and b a d  s- antibiotic use. Tbae axe a b  a numba of cutanwus 

sya- asSOCi8#d with CCUCdi(tQ, rangiag nOm diaperrash RI the Cian&z grandoma. 

'5~~canirrf~menyoftbe~organsi~oftbe~yinclisding:~s, 

rcspiruDy mach htart, iirinary traq ardvw, iiver, Jplan, @ bladdei, and cye. Finally 

thsnUadisgc~fnmdthedireuedutcan~ü,dripIcbodysi*otbrou~ 

the blood saeam. '"minami fomi~ d the inftctioa possess a high 55% mORality 

fate. 20 

by Cadi& spccics the facaa~ tbat contribute to vinaiencc in this specics wiU now be 

examinedm Relative to pathogcnic bacteria and &uses C. albk4ns is not CaLlSjdered particularly 

virulent. 2' C. albicanr is a commwi commensal arganism found in the mouth. Io the 

immunocompetent paoon tbe b s t  defense systems hold the ofganism in check. " But when a 

person b immunoco~~~p~i~mi~ the balance is often tippcd in favar of the olganism and its 

virulence factors. 21 It mut  be nalizcd that piubogcLLCSiS involves the interplay between the 

host and the invading organhm. It is acknowledged that the immw~)logicai mtus of an 

individuai plays a large part in the pathogenesis of ~81làiWs. in this section only the 

mganism's contributions via its M e n c e  facm wiiî be investigated. There aie tbnt putative 

Wulence factors that have b a n  studied mrwt extensive1y. These are: adhemnce, pmteinase 

production, and yeast hyphai dimoqhism, 



integrins. niese integrin aaalogs ùkd ~ o g c n ,  fibnnectin, and laminin in the 

extraceiïular maaiil" " The second categozy oiadhesion-ligand intefaction is referreâ to 

as a leciin-iikc inmaaion. " In this case a putein païtion of a c80Airlal glycaproteia binds 

to a sugar d u e  on the host ceil. Two sugar residucs have ken identifie& hicose, and 

N-acetylglucosamine. ZI This interaction couid as& in exphinhg the comlation brtween 

candidal infection and blood type O individuais. It has been suggested that the exptessioa 

of fucosyiated andgcn on buccal and vaginal celis in O blood groap may enhance 

aâhemcc. " The thod type of interaction 3 hown as an iacompleftly denaed intetaction. 

Io this goup the sugar rmiety of mamaprotein binds to an unknown rrccptor. 

It wouid seem on an intuitive level that sirthcrtnce wouid be impataat for 

wlonization of cpithclial and cndotheiiai tissues. Howewr the evidemx foo adhesion in 

pathogcnel is mostly coaclacive. ') ûnc classic sndy looked at the degrec of adhcsion to 

buccal and vaginal cpithciial ceUs betwetn different @es of CQndidll. It was fond that 

C. ulbicons had superiœ binding than C. nopicdis, wbich was better than C. parqsilosis. 

This cmsponded to the dative viruience of each species. Another study showed 



virulence in a mouse -1, rad fa adksiveness by the standard cpithclial celi adhesion 

assay. niat was foumi to bs no cmelation bennen Vpulcna and adhesiveness in this 

study. " 'Lbcrefm it is imprtmt to rrrluc that thae is no one propezty that is the sole 

cause of virulence. 21 

In summary, adhesion has been shown to have an impomnt mle in the h e n c e  of 

C. albicatas. It is involvd in the iaitial stages of infCCtiOIl, bwever d e r  Dropaiies are 

needcd fa the propagation of tbe agaaiSm into tissue. 

2. Proteinase 
A detailed look at the nature of the proteinase wili bc entend into at this the. The 

enzymes that have k n  smditd most cxtensively aiie the carboxyl acid (aspartyl) 

ploteinases. Originaiiy thcy wem given the deSignation CAP (Ccudidcl aspartyl 

proteinase), and regardcd as one e a y m .  " However, amino acid residues did not agree 

with the proposed DNA gene sequencc. AIso, 2 phcnotypes of one soain, white 0 and 

opaquc (O). causai morc confusion. Evcn though the W f i  was the more vinilent one, 

oniy the O fam s e e d  to produce CAP. " Four pmteinase genes have now been clonecl, 



Tbe next characterirtic of C. allbicaas with a potcntiai vindencc mie is pmteinase 

activity* It is uiwght that exaction of @tehase aich in host invasion by disniptiag the 

membranes of host celis. Thc loeratinolytic activity dtk eazymcs may aid invasion 

through the protective kcrath layer on to deeper infections. û v d  the proteolytic 

enzymes seem to play a mle in the peactration and hvasion of host tissue by C. a1bicm.s. 

Tht cvidence fœ a virulence of proteinuia is of a similar maire as the evidence 

for adbmcc. Firstly, pro~lytic activity correlates with the vinilence ranLings of 

C4ndkia species. C. dbicans is the mrwt strcmgiy prottolytic, followed by C. tropicuiis, 

foliowed by C. parapsilosis. me othg las  virulent species do not appear to Secrete 

protehue. " SecOOdly, patieats with d d e m i a  have elevated levels of anabodies to 

proteinaer!. This establisbes the fect that the enzyme is produad during active Candida 

infection, Also in txprimentaî infBCtiOns of C. aküicms protehase haP ôeen fouad 29 In 

aU the afdsementioncd studies the evidence for vinilence is correlative. But some of the 

best evidcnce to date involves proteinase deficient mutants. In one study expaimental 

vaginai infections wae iiiduced in rats with both a pmteinase deficient muram and the 

wild-type parent Both the intensity and iongevity of infections were -ter in the wild- 



HIV+ and RIV- patients. It was found that 10% of isolates fîom HIV+ patients 

pmduccd priotcinase, while only 56% d isolates ficm HW- patents exhibitai pttinase 

pmduction. Anotba study that exanrineci the same issue foord that ail isolates showeâ 

pteinase activity, but tbu the activity was twice as high in isolates h HIV+ patients 

than from HIV- patients. Also, there was no corrielatiun bctween disease stage and 

proteinase production. '* However, a thid study found that the= was a correlation 

between HIV diseaPe stage and proteinase pmduction. ûaœ again aU isolates secreted 

proteinase, howeva t h m  was an eight fold incrase in the level of proteinase produceci by 

isolates nOm symptomatic HW patients than h m  non-symptomatic patients. Aiso. the 

SAP1 and SAP2 genes were found to be stable in both p u p s  of isolates. The isolates 

with high proteinsse ievtis d t a i n e d  this phnotype ova two years of maintenance on 

solid medir plates , d an enpcrimcntai ammal mode1 àexmmstrated that these isolates 

w c n  moa virulent dinn the low aspartase producers. )6 Thae clearly ne& to be more 

work done to c m  die d e  of C. dbiconr proainase in HIV inféctions. What is ckar is 

that the immune status of the patient is aot the oniy ktor  in OPC h patients, and bat the 

Mence of the organism also piays a d e  in the coiwe of this disease. 



aids bai in the invasion of tissue and bmkcbwn of ihs hm's deferne. The eiiymc woïks 

incmpcrationwibiocherf~topomo(eiafeciion, 

3. Dimotp4islu 
When chamc@mq 8 the mk of hyphae f e n  in the pathogenesis of C. 

can inva& tissue Witbopt hyphai fQmatioa " So aIthough the hyphal fixm bas a role to 

piayinimrasion, theddviewofyeastcquelingoommmsrl.dhyphacoqualingpatbogen, 

bas bcen sœn to be too shpiistic to explain the WU smy .  *ln Anothcr pmpcrty of the 

hyphai fonn pscnts a difffftnt picnne. nie myceh f m  is weii icnown to adhen to 

epithelial œlls beuer than the yeast foan. The hyphai fmn would then be seen as the 

stable coionber aOm which die inféctious ytast fom, is propagated * AIso hyphae i s  

thought to be mone &tant to phagocymsis thaa yeart. This beiief has beai caïied inm 

question mxe nxently- Howcver the abüity of yeast celis c gffniinaie whilc insi& 

phagocytic =Us coold be seen as the method by which hypbal f d o n  enhaaces 

vinilena? 

Thae is some evidencc pointhg b myœlial f d n  as an essential vinilence 

factor. FUStly C. alt,icuns the mst viruicnt Candido species. is the only oae to fonn 

hyphae. 556 h one SDudy a spontaneuus C. 016icms m u m  was iound that did not produce 

h y p b  at 37OC It was found that iewa rats developed vaginitis when inocuiated with the 

mutant than with the wild-type. Also the disease tended to be less severe and shorter in 

duration than with the nongarninative s o a i a  Given the fact that the mutation was 



hyphae fbnmi011, a Anodict m of expuiments investigateda number of mutants to 

assers tbc lole ~ b i o g y  had on padigeaetir. It wu obsclvcd that both ycast and 

which is a &s of elongated blastoconiciia which cm k mistaken for tme hyphae. A 

gemi tub is the initial stage of mie hyphac and can be obsaved within thtee hours of 

inoculation in a hyphe p d d n g  media hyphaï famaton. 39 A number d studies have 

exainined the effccr~ mcdiii rad entitimgai agents have ai C. afbicm. 40-4' Som of the 

initial WC& in this am studied amle inhibitmy effkcts on £ïiamentation. The nason 

for th3 was that resea~~hers w a  trying a, explain why azoles had paor in vitam activity 

cornparison to the5 good clinical efficacy. Part of the explanation was sought in the 

possibility that the stdes wcre morc active against tk hyphal fomi than the yeast fonn of 

Cadi& spedes. Oac clrpaiment useci Eaglc's mininili essential medium @MEAQ with 

anrino acids and 10% fétal cDLf senun incpbatllig in a. They found that this media 

produccd a predominaace of the myceiiai fami but mt exclusively. " The other 

disadvmtage to that media was the need for CC&incuWon. Therefm mare study was 

made of hyphal pduchg meüia A vay early smdy had demonstrated that N-acetyl-D- 

glucosamine was a inciucer of genn tube fmtion in C. albicm. " Other researchers 

used N-acety1giuc4ssmine-yeast nitrogen base-pmîine medium @NP) which pmduccd 



>9û% hypbal cuitme. '' This media wnsistcâ of la3 M ~ ~ l g i u c o s a m h e ,  loJ M 

pn,IUie,45gNaQind3.35 gyeestnhopbastin 1 iiuedwatezTblsmdiiwas 

wtd to amay tbc inhibition afmyaiia by -le. Growth was c v a î d  

microscaphlly~aRnchertiaVClOtdmiaoscopc.niehyphaecuaperrxnt~dœUs 

intbecdtiiiewu~fCdThtcategonts~wae>9096h~~501904bhyphaLend 

~ 5 0 %  hyphal, Anotba mdy uscd a variation ofthe iienic mcdir to pcrform MICs with a 

number ddifkmnt antihgais to assess abiïity to inhibit gmwing hyphe. The variation 

in the media con&tcd of potassium phosphate 7 pH b S i  in seplacement of sodium 

chloride. Om intexeshg siidy investigatd polyeœ and 8 ~ 1 1 ~  mistant strains in regard c 

virulence charactcristics. Adherence, proteinase, gemi-tube f d o n ,  and animai 

vinilencc werc testcd A standard inoculum was addd to sheep saum, and samples w a e  

nmovcd at 1.2, and 3 boUR ;and the guantity of gcnn tube f m t i o n  was determineci 

microscopicaliy. Variation in the munt dgam mbe foimatan was obsemd amoag 

swins. Another siudied observai the effkct dofungin, a cchinocandin antifungai. had 

on the uitrastmcturc of C. ulbicm. Gem tube f-n was clearly inhibited at the MIC 

level or higha. with celis clumping togcther. '"t rnust be noted that gam tube inhibition 

at high co~yxntration ofdmg may not bc inriirgtive of a spdfic mcchanism but zather a 

general inhibition of the whok aii. This b why it is impoltant that tests be pe&med at 

subinhibitmy concens8tions to obstrve foi min spenfic modphological effects. 39 In 

othas saidics miearchers found that amphotericin B but not fluconazole was able to 

inhibit genn tube farmuion bsidt macrophages. " aven the putative nelationship 

between dimospbism and virulence it is impaouit to iinAeilftJuid how antifungals effect the 

morphology of the WU. 



E. AntntrngaI agents 

1. AmphaterkinB 
Having e&ed huigal disc8~cs that aglict the immmocompromised population, 

spec i f ia~  cpnntlik9ia. we will now coiisidcr the chcmiotherapeutic agents biat are king 

uscd to combat this discase. The finit agent a> be considaed will bc amphotericin B 

(AMB) (sec Figure 3). This is a poiyene antibiotic whosc mechaniSm of action is to biad to 

the ergostcn,l in the fungai ceU membrane and dismpt membrane integr@- ' A mpid efmur 

of potassium ions can be detec~cd fiom ueated ceiis. ' This dnig is fuagicidal and has a 

broad sp#xnm, of activity. It is consideried the "gold standud" when it cornes to 

antifungai threpy. It is  the drug of ch& in the tcmrmnt ofdœp o r p  and 

âisscxnimd candidJ infections." It can ody be admunsmed ia the ïV form due to its 

poor absoqtion hmn the gastrointestinal tran It i s  a b  insoluble in water hence it i s  

adminisami in a couoidal suspension wfiich is the cause of many of the adverse eff'ts 

associated with this cimg These include severe fever and CU. 1-3 hours a b  

administration. 47 HyQocorrisone is somenmeC given as prophylaxis. as weil as meperidine 

to treat the chilis, and acetamiitophen to tnat the fever. Otha side effects include 

headache, gasmintestinai disturbances ancl thrombophlebitis- Hypersensitivity ~ t i o n s  



a complex of ampboarieia ami îiposomes aüms fa a sckctiwe &üMy of Qug to mget 

tissu= iad itducer the aCe dmg lcvtis in the blood acd lcidncy. This has ken annlateù 

with decrtaJed nephmcmddry, howevu chae air; stül o c c ~ n c t s  of feva. and cidis. 

The= are ~ ~ T C C  liparair probrtp available in the United Seates: Amphdcin B Upid 

Compiex, Amphaterih B doidal dispenion9 and AmBisotœ. 49s They are a treatment 

altertl8bivt when cithcr failme or intolerana to amphomicin B develops. However at this 

point these agents arc vay expensive. and dl entail aiï die pmblems associated with 

intravenous -O11,49s 

2. CFiuoroegstiiie 
The next dmg ta be examiaed is 5-fluoroc- (5-Fa, or flucytosine (see 

Fi- 3). Its mw:ha&n of action is as a pmdrug which is taken hm the fimgai ceU by 

cytosine pcmmsc and dica deaminateci to 5-flwuracii, an mticancer agent.' 5-Fü is 

syntheeast thcrefm ~~g DNA syntbesis. Memmaüan cdla Q n a  have the abifity to 

deaniinaa 5-FC thezef- making the dmg seïective far fiingai ceiis. ' 5-FC can be used to 

treat systemic candidia&. However. it is given in combination with amphotaich B 

because of the high fkqucncy 4th whicfi &stance &velops to 5-FC alone. " The 

mechanisrn of nsistance iacludes defccts in the enzymes used to metabOb 5-FC to its 



which is adosc dcpeidtnt side effcct Ocbaeffbcts include m a s a ,  vomiting, headache, 

Figure 3: Chernieil stnidures of amphotenan B, flucyhsine, LetoconazoIe, 



mtüùngai pmpaiier. %The amles crin bc mbdivided hm two gmups: die imidazohs 

itnmaamle) (set Figa 3). Tbs ~~ of action of thew agents is to inhibit 

ergostami syntbb by i n m g  with C-14a-dernethylase (a part ofthe cytocbrome P- 

450 e~zyme system). 'Lhe dtcrrasc in ergoster01 rc~ula in incnasedalî membrane 

pem=M&y, and inhiaitim of cel gn,wth and rcpïïcation. Tbcsc agents arc fungistatic in 

their activity. '" The inhibition of P-450 system is not completely seleaive far fungai ceb 

and thtricf- t k e  is dic potcntial for toxicity m mammabn ceb in wbich the enzyme is 

bloclad nie advantagc of the Iltwer aiau,Its such as fiucone~ole is thet they have a 

much pater  aauiity finr the fimgal P45û in camparison with the marnmaiian P-450. The 

therapeutic use of fluconalnle is in the treatment and plapbylaxis of omphaqmgeal awi 

esophageai mdidiasis. There are a numba of systemic candinsl infections for which 

fiua>nwk is indirritrrf including uriaary tract infections, pncumonia, and paitonitis. " 

The d e s  ait g e d y  w d i  t01erated dmgs. Som d the more common side e f f m  an 

nausea and vomithg (dû% in kctoconau,le, 4% in f l u c o ~ l t ) ,  headache, rash. " The 

imkbmles because dicy 8~ las discriminating betwttn fungal and m a d a n  P-450 can 

inhibit stcmidogc~sis causiag nmnaais hamonai pmblems. These incluâe including: 

admal insiifficicncy, deacascd libido, impotence, gyneçomastia, and mnstrual 

bgulanties. Therefm the advanrage of using the triau,les over the imidamles is evident. 
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been much conmv~gy in ~ g m i  to mtifirngai msceptibility tcsting. The discovezy d the 

first antihuigai agent occuued 30 ycars a f m  the d i s c o q  of the f h t  antibacttrial agent. 

'Ibis in pan explains îhc fact that antifungai susceptibility testing has been &cades bebind 

antibacterial susctptibility ttsting in &veIopment. Und the iast number of yem th- was 

no standardiz#l npmducible testing method a assess the susctptibility of b g i  to 

antimirrnbiai agents. Tbae was as much as 509000 fold interiabamtory variation in 

minimum inhibitoly concentrations (MIC). Qearly tbat was a need fa a standarducd 

nfereace mthod that couid produce rieproducible intalabarotory resuits. Tbeit are a 

n u m k  of variables which could account for such wide disaepancits. The endpoint 

determimion has a iargc influence on resuitsnt MICs. The endpoint is the a m  upon 

pcht whae minimum inhibition is considacd to have o c c d  This is reiatively simple 

f' drugs üla ampbomicin and cchinmidios which g e d y  @uœ a rapid reductioa 

of mwth ova a s d  concentration range. For such clmgs the h t  tube with no growth 

would be consideEcd an appropriate endpoint. h k s  and EFC on the other hand exhibit 

"trailing'', a gradua1 taapoint lhat wodd d t  in high MICs if interprietcd in the same way 

as the foniicr dnigs. Therefm9 with these dmgs an endpoint of 8046 xeduction in growth 

would be considemi a mac appropriate eodpoint. s3 Iaoculum sk and preparation could 

also S e c t  resuits. Between a range of 1 6 1 0 ~  cfu/ml it has ben shown bat with 



incubation bime and tempaciturt and o b  himdly chmgcd at all The media haâ a krgt 

p a n t o ~ y i a ~ b ü i t y r r J r i l a r . ~ ~ l t ~ d a ~ m e d i . o o u l d i n ~ w i t h  

m ~ ~ t s . P a e ~ ~ ~ l l p l e , T R l S  biiftahasui~~1tagoaistictEéctoabieacti~oi5- 

F C ~  Tbe pH d a mtdii influences the M C  of a given antifimgai as wcU " ûn account 

of the cicar nmA fot striItdardization betwe.cn the iabamdes the National Cornmittee for 

Qinical L;ibartay Stsndards famd the Su- on Antifungai Susceptibility 

Tcsting. 

Afm much CMSUftation and sady. in Deccmber lm2 the Subconanittee pubîished 

its document M27-P= "Refçrence method fca kodi dilution antifllngai susceptibility testing 

of yeast ; proposed standard'. This standard was d y  fa CMdidcr species and C. 

ncofonnonr. It ut cicar methods by whidi to p c r b n  mtiftmigal tcstiag (which wiU be 

describeci in detail in the Mcthods and MatexW sectiaa). and addresseci the issues 

mentioncd in the prcvious paragmph. It aied to employ metbods which had ban foud to 

exhibit the most qmducibility betwcen labs. 1t tmpbyuk marrobroth dilution testhg 

ushg RPM-1640 (pH 7) as the medium; otMdard hoculum of O 5-2.5 x10' CN, with 

clear pmadiÿw as how a pzepare it; clcar tcmpcraftirie and tirne guidelines., and methais 

far dedeiminirrg endpoints. % In ûctoùcr 1995 after f e a c k  and revision the document 

M27-T: tentative standard was publishd One of the changes in the new document was 

an inclusion of a m i m h t h  dilution mediod This is important because the macrobroth 

test in the proposcd standard is too cumbersaa for a chical lab to employ on a large 



t h e r a p d d  options, in vitro sensitivity daes mt p d i a  clinicai success, however in vitro 

r~sistmcc atw pcdicts ciinicai failme. 'Lacy go on to say that in looking a ratios of 

MICs o blood Iml, . MIC population distiibutions, animai maieis. aid clinicd Qials, a 

decision uiiimaicly has to be made conccmhg what aiit considers sensitive and nsistmt. 

itraconamîe the bmkpbts wae considcred to be: sensitive S 0.125 pgbl, sensitive- 

dose depwdent 0.254.5 wg/mi, resistaat0 1 ~fg'ml. 

2. Overviewofdstance 
The dcvtbpment of fluco118~)le-reSismt C. &km is brniag  an incFusing 

problem in several patient populations. Resistance co ades had ken a nue occurrence 

until reccntly. W1b the emergenœ of HIV Mixtion and the h g  tam and pmphylactic 

use of£iucouamIt in oiopharyngeaî candidiasis (OPC) t h  has been a ansiderable rise 

the incidcnc~ of bah in viao and ciinical &tance. A -nt review article found 



t b a t ~ c ~ ~ h w h i C b f l ~ ~ ~ ~ ~ ~ ~ ) k r e s i s t s n c e i S s c e n ~ i n t w o b r o a d  

~~: patients with IW, and cvczyoat cise. The authcm sited 33 publiclltiom which 

nponed iwirtiace DD fiummmIt Qriag OPC t i e w n t  in HLV patients. Five npatp had 

mo little &ta to evaIme anci 1 & f i d  nsinana solcly on the bash of MES. The 27 

r s ~ g ~ 1 « ) o i i B ~ I t ~ w a t a a e 9 c d . ? b e t w o f a * a s t h u s a m t d m  

C O Z L C ~ C  to icsUtma - idvancd AJDS. and CUllOlativt dose of f l u c o ~ î e .  " In the 

typical sctaario, an AIDS patient with a CD4+ count d0/nim3 experiencts murrem OPC 

which has been aated with topicai agents or ketoconalrrk. The patient is then given 

repeatd courses with fluconazole of 100 to 2ûû rnaday* This therapy is effective for a 

period of time (an average 13 relapses). however eventuaiiy a relapse Qes not nspond 

and the MIC offluc0118u)le to the yeast isoiate is 4 6  p JmL 'Ihe dose is increased to U K )  

to 400 mg which is effective for a coupic of rounds ofthaspy, however soon this too is 

not effective. A A. ubic411~ suain is cuinrried h m  the patient that has a flucommle MIC 

of >64 j~ghnl. One study tbat comlated prtvious fluco118u)lt thaapy to resist8ace found 

tbat the mediaa cumuhive dose in patients who failed thaapy was 10,600 mg, oompami 

to 4.400 mg for successfid t~itlitm~nts@eg.ûûl). The iargcst otha category in which 

nsistanœ i s  seen b in patients with fiangemia. Thae bas ken a total of 50 docmnenad 

cases of rwistançt seen in this population. In these cases the Condida species found tead 

ûne study was particuiariy effective in docun#nting the emrgence of fluconazole 

resistant C. ulbicons in HIV patients, and thus deserves closer attention. l9 Between 

October 1989 and August 1993 fiurgal isolates were taken from a cohm of 65 patients 



with sympomstic HW inlecton (mean CDl+count 681irim3. Each patient bad at I w t  

one cpisab of OPC amteci with fluconaz~k. In vitro ~tsistauœ was dehed as a MIC of 

~~~forfl~.~~i~~istanawa~deencdrsfiiil~~itm~tspondm~ 

of 7.5 rng/kg$day (up 400 muday) offlucons~le. Aiitifimgd susccptibility testing was 

pafimd on 160 C. albicolrs isdatts. 'Lhrr wcric 33 in vitm ricsismt isotafes found 

which anerpadtd t~ clinicai mistancc in 9 patients (14%). Oac case wiü be cüscussed 

in gnam &tail, Riient B fPn expaienad OPC in May 1988. Benmen this due and 

OÇtokr 1989 he was trtliQtd with ketoco~le,  miconamle, a nystatin solution for 

Rcunsnt OPC. in Oaokr 1989 be fim d v e d  fl-1e fa OPC ( 1 0  mg oraUy for 

5 to 10 days), whkh was effdctive matment until A@ 1991. He received 100 mgEweek 

of fluconazole as pÿophylsxic fœ OPC sesitiag in Novcmba 1990. In May 1991 clinical 

nsisteace &veloped ifta4ûû mg fiwonamle was given fa 7 days. From May 1991 to 

July 199 1 itraconswk (300 mglday) was givcn ta e&xtivcIy aat episodes. In July 199 1 

the patient dicd due O pmgmsivt IQpsi's sucoma. 

Table 1: In vitm susceptibiüties of C. d b k m i s  isolates from patient B. * 



Fnmi a cellular perspective it has been pmposed that one mech- C. uLbicm uses rn 

gain resistawe to amies is dcaesscdpameability. '%is This has been associateà 

with changes in tk phosphoiipid and stem1 amposition of the cell membrane* Another 

in sume iwistaot strains. '  rom a m o I e  .* perspective even less is known of resista~ce 

mec- iu C. aibicaw Then was one study PerfOdmBd in C. glubruta that showed 

that part of the rrsistance in tbis species was due to an upneguiation of the P450 gene 

resuuiog in increascd .mnunts of the 14a-demthylase eaymc. " In one geneb study of 

rwistana in C. albicuns the rcsca~~htfs did not fmd in amplifkation of the P-4Sû gene, 

howevcr thcy did nad inaeased expression of a ATPdcpendent efflm purnp. " This 

suggests that ades  may be actively tram- out of C. ui8ican.s as part of its nsistance 

mechanism. It is clcar that although som progress has been ma& more work needs to be 

&me in sadying tbe amclmisxns of resistance in C. tdbicanr. Mme rccently it has btcn 

suggcsted that mistancc to a d e s  OCCUIS in stages " nie h t  stage is d u c e d  



pemddity a, flutxmamic, but not to itraoonau>le. The sccond stage has been suggested 

as aniPatsceinexpitssi0iidbieP~ andpoimmutations in the gmcgivinglcss 

m t y  fœ tbt h g i  At tbis point itni#)lul~It WOU Plso bc affictai by ai#it changes. 

Lastiy an iacnrced errpiession dmultidmg cfaux pump would be the final stage of 

'Il& caild be a ps ib t t  expianath far the partial aoss resista~a th= yeaJts 

exhibit to imconaz&. Onîy r#mit of dit mechsnimns of lesistancc art effixtivt agaiiist 

iuaconalnle, hwce the cross IitSiSt8tlct is inamplete. " 
S. Trends in rosistance 

a) Cross-resistance 
Ooe of the disnitbing hdings in the area offluconaiu,le nsisrance is the trend 

toward ~~~~s-rtsistana t~ other amles. nierc has becn a pattern of partial nws- 

iwistancc that bar e w  Johnson d ooilcagues crsminaA fluconazole and 

Cm#&, howcvu fhey cautioned that highcr doses may be nee&d. Guennec end 

developed clinical icsistsiux a.fiucoiiemle and subsequently i m w 1 e .  " In tracking 

susceptibilitics of isolates, they wene able to sbow that itraco~zde M I 0  increased over 

the course of the fiucoaazolt therapy. 'The patients were successfully tnated with 

itraicon~u)1e at first howtver ova time clinid resistance âeve1optd which airrelated with 



Anothu alnmDng mndin this amais the transmissionoffi~l~~nazole-mt 

CMdkh rpecies to mw patients and pnevious1y unaffccdcd popuiatioas. In one mdy it 

w u  documentcd t b u g h  ge~httic typllig the oansnnssLaii . of a flucoaaz01c-~tant C. 

aloicm s a d n  h m  one AIDS patient to anothtr. It war shown thu the sarnc saain was 

the cause ofrcsistant Mdon in both a âusbd anci wifc. " Another saidy docrmicnted 

the disoovery of flucotlz~u>le- resistant organism in 17 HIV-ncgative patients who baû 

never reccived ~p0Ics previousIy. ' Eidier, there was primary ZieSiSt8tlce to amles in C. 

cJoicans which had never becn shown bcfore, or tbae was the possible transmission of 

fluco~k-nsisîaat soaias to non-H[V patients. A -nt rcpcnt gave the fnst case of 

fiuconaz~1e rasistant C. <Joicanr causing VUIvwaginitis in an HIV-negative woman. 69 The 

isolate hnd MICs to fiuconazole, ketoconazole, and ittaconalnle of > 40 pg/id, 3 . 1 2 m  

and 6.2!5pgbd rrspectively. This patient had no known contact with a mervair of 

f l u c o ~ l e  riesistant C. &icutrr. Given the haeashg evidenœ of both nosocorniai and 

sexuai transmission of C. albicm, it is clcar that fluanamie riesistant infections could 

becorne a d o u s  @lem in rnany varied patient populations. " Clearly the ever 

increasing iaciâena of amle resistam C. aibkans is crcatiag a dilemma in the 

phamiacotherapy of candidiai ii;fectims. 



in the ammcntaium of amifiingai awnts. The ncal for novel antifiingal agents tbat cari 

2. Membrane active agents 
ûne ap-h to the developnt of novel antifmgaï agents has been the 

dcvelopment of new mie derivativesa Clne such novd triamle, W870, has been the 

subject of numc~ous studics pubiished on it. In one smdy the in vitro activity ofDû870 

the novel azole was comparable to ke-le, end itraconazole. In another study the 

Dû870 in vitro activity wu t e s d  against C. aibicanr isolaus nOm the ohal cnvity of tW- 

positive patients. * Half the isolates wcn masidacd flucone~ole-sensitive (MCs 44 

between the £luconamle sensitive and rrsistant groups. III the FLUS group the MICs 



3. Cd waU active agents 

8) R.llonah for d l  uuail active agents 
One of& fimhumtai issues in develuping antibiotics is the issue of se1tctivity. 

'Lbe goil i s  hdùig ckmicals that have a lonc effcct cm the invading orgdsms but not on 

mamwüian tissues. The way this is cione i s  fhdiag tarw in the invadiag cell that are 

suffi:citdy M i n t  fmn the niammriianceiis to wamnt hmhu study. This pblem is 

made mae cornplicarcd for intifbgai agents by die fsct that bah fiingai and asmmaiian 

ceb ais eucaryotic, thus having much mac in cornmai with cach other than bacmial and 

ma- cells. * One obvious target in the b g a l  œil is the ceii a. Not oniy do 

ma- ce& lack a aii waii, but the m a . .  constitxmts in the fimgal ceii wdi an not 

fouad in rnammak ab. The aii wall as the target fix antifiiagal agents aiso has a@ 

because it could be theonaed bat a c d  wali active agent would have a sîmiîar success 

against fiingi as the penicillin antibiotics have had agaiast bacteria, PeDinllins disnipt œii 

wali integrity and cause aïi lysis md deah in bacteria Then an thne groups of agents 



lm0~nobiid~imm(1+en~4).~~~rtaied~lis1mumui~0~adiemai~ 

carbahydipeoompolltnmiotbefiingdaUwiJIdirh~~~~topl.yamijardein 

fungai ahsioa.7s~pr8dimicins AmE- isolatrAfbm theot~Acn'tu)madura 

hibisca. Pradimicuis . . .  & B , a a d C w c i t a n a l f a i n n t i o a C t i v i t y a ~ C ~ s p e c W ,  

C. ncofomum, Md AspcrgiiZw Jpecics A systemic murîuc moâel was also used for 

tcstingi In bah cases, tbe pndhic ins exhibitcd biopd antifpngai activity. When ampmd 

with amphotcricin B andkcf0~011~~~)le the pdïmicinr wcn: mt as potent as sniphotencin 

but  bette^ than iceu~x)nalnle~ Wam-so1ubIe derivatives werc then developed in an 

attempt to ove~comt poor oml absorption. A numk of these agents have becn ~ported 

to mainrain goai antifiingd activity. ' The mechanism of action d these agents is not 

compleDtly undersW at this the. However it i s  known that they bind to die sacchende 

@on of mannoprotein in a calcium dependent mama. A mnary compiex scems to be 

fornicd ber~ecn padinncia, maman. and calcium. Membrane pameability is subsequently 

almai. No human ciinicai trails have been attempted at this tirne. It i s  u n c W  whether 

these compounds wül be devcloped Mer mwards a thenpeutic agent lSa7' 



Flgure 4: CbemicPl structure of pradimicins. '' 

O) Chltin syathase inhibiton 
Qiitin is a comp011eat of the aii wall tbat, evw though it fornu, a smaîl proporrion 

of the w& plays a m a .  d e  in the growth Pird morphogenesis of C. albicans. Polyoxim 

the builriing bhks of the chitin chaias (sec Figue 5). They am highly ampetitive 

inhibitas of chitin synthase and cause soilong moiphoiopicai changes in fun@ eventuaiiy 

leadhg <O aîl lysis. ' The polyorrins have ken usaï fa many yam in the ama of 

agricult\aal bgicides. Despi@ the pmmk of these agents thae has been liale in vivo 

testing of these agents. ' 



Chitm is a ÜIICBt 1.4-g liaLtd polymadwwl-D-giucosamhe @AG) wbich i s  

ndfoimdinmamnaiunœlls. Cbitin ~ i s a ~ b o m d c n z y r n e m a t c a t a l .  

the foiïowing maion: 

2n UDP-NAGMAG-F(l+NAO)i + 2r, UDP. 

It has kan sbown thrt cbitia s)mthesis in Saccirarolllyces cer- i s  ngPlated by ihrea 

isoe~izynres (CHSI, GIS% CHS3). 'Ibefiuictionaî~c dtk Oiree synthascs have bœn 

analyzcd. -1 is inv01vcdi.n septumaad badscarreplirdrrring ceU separatioa -2 is 

involved in pmductioa d chitin fa the pIimary septum. CIE33 is nspoasibie for chitin in 

the buâ star and kmPl anll. '' A rcccni smdy raiscü the PaSJibitity of an intuesthg role 

fol chith in vinilenœ. Tbe -3 homdog gcnc in C. r J t , k ~  was dwmptcd and 

resuitant mutants wen pwted in imrn1~1ocomptteot and i n w i l l l l ~ ~ ~ ~ s e ù  muse 

&ls. Despite no change in growth tate, or gemi tub fannaton, the mutants w e n  

"significently lcss vinittnt biao the parental strain"- " This muid have sigaincciace in 

regard to agents that taqet cbitin Pmdpction. Howevcr, a similar study which disnipted 

the CHS2 a d  CHS3 sepan~ly, anci testcd cach nuii mutant in a immunOCOmpLOmiSCd 

muse maW f d  no sigdkant diffiaitnce in wuluice bttween pmnt and mutant 

strains. Obviousîy moit wo& LI& to bc done to rcsolve this disagreement Another 

interesthg study 1- at tht cnoct of a chitin synthasc inhibitor on C. albicaas binding 

to epithelial œiis (a vinilence k t o r  for C<indido species). It was found that tlmc was up 

to a 58% Iitd\lction in the binding of yewt cells to buccal epithelial ceUs when the agent 

was aliminintcried. This is espbciaIly inuiguing w k n  one considers l a t  chitin is fouad only 

in the inna ceii mil, aad WOU seerniagiy not have oppatuniity fm binding infe18ctiOns- 



F i i r e  5: Chemiccil structure of nikkomyrdaa 74 

(2) Inhibitors 
lne inhibiton of chitin syndiase were nrSt d i s c o v d  in 1%5 in an antibiotic 

screen against agricultuial discases. 'Ibe h t  cornpoiuid of this class discoveftd was a 

memba of tht polyaxiii f d y .  which went on to be used as an agricuimmi antifimgal. 

The nikkcunycins werr nnt isolated in 1976 b m  a soil sampk taken in Nikko, Japan. 

Aithough tbe nüdromycius have ken encnsivcty studicd, none have evex ken used 

~0mmQciaUy- lbac have been 13 naturaily occurring polyoxins and 14 naturaiiy 

occunhg nikkomycins dEscnbed to date. ' Polyoxins and nikkomycins axe pcpticb 

nucleosidcs that mimic UDP-N-aatyl @ m e ,  the building blocks d the chitin 

chains. Thy  am highîy canpetitive inhibitas of chitin syatbase and cause striking 

muphological changes in funpi eventusllly Ieading to ccli 1ysis. Aithough these substances 



= p a e m e ~ i i i h i b i t a s , t b c y h . v e ~ l e t i c t i ~ a g u a s t i n ~ ~ ~ o f  

oie expianation for tbis is that these agents icqmnc active trsaspat into the alL It hm 

becn sbwn tbat peptides inhibitai the dvî ty  dpoiyoxins in C ctlbicluss, suggcsting the 

p n s t n c t d a p e p i d s ~ s y s t a n o r p e f i a c ~ ~ t r a q m r t d f a ~ o f t h e d n i g  

m o ~ . A ~ ~ e m p t s w a t m i d t m l i n l p o l y o ~ m a t h u r i m i i o  acidr toenhanaaanspart. 

Nowewx, wbüt iipila into the aiî was trnar#l amifbgaï activity was duced. " 

Despite scmcaml mnilniiics the nildmmyUas have hd p a t e r  activity against whole 

fungal ceb. Tb nuons far t&ïs are belimd a involve better rransporr hm the dl 

because of icss uptakc inhibition by peptides, and nikkcmycins utüize different Wspm 

SysfemP dlan po1yain. ' 

(3) In vitro and in vivo studies 
Thue have bcen a n u m k  of studics that have exainincd the in vino susceptibility 

offungi PD tksc agents. Nrklromycins pe àighiy active agaiiist the pathogcnic dimorpbic 

bgi l l .  dcmuuïtidis, H. c a p s a d . ,  C. Unmitiis. It should also bc notai that the= 

pathogrenic faigi contain high levels of chitin in contrast to ycast Within the C<udUI<I 

Speacs whkh have datively iow c h i ~  kv& thae is a variabilty of susceptibility 

laae is Iimited in vivo testing =ports of these -nu qainst msdicaUy important 

fmgL In one shdy pdyoxin D h d  a mixture of nilrkmnycin X and Z were analyzed for 

their activity in a muriae candidiasis mo&L The p o l y d  pvided no pmtection as 



syntbase irozymes dS4ccIiaromyces cermisùu. Thy faiid that nilrknmycin Z was 

inhibitœy of CHS 1 anâ CHS3 isocnzymts at low conccntnations. Howcver UB2 was 

highiy dstant  to niWrMnycin Z This couid provide an expianation fm the poor activity 

of this ciass of agents. 

chitin synthase inhibitaro and otha classes ofantifuagai agents. The first combination 

examineci was with the giucan synthasc inbibitom. The rationale for this was based on 

knowlcdge d the ycun ail wall. lben is an intedationsbip betwcen chitin and giucan; 

two of the major compo~ltnts of the ycast aii waU It bas ken o b e d  in C. aibicam 

chitin content in the ceil waU Thest e f f m  are thought to be an attempt on the part of 

the fungal ceil to compensate for the inhibition of one of the maja ceiï waii ingredients. 

With this in mind, an expairnent was perf" whac combinations of nikkomycin X and 

Z with papukanciin B wcre uscd against C. aibicanr. Synagy between the rwo agents 

were found both in whole cciis and protopiasts. " in aaother study with cilofungin aad 



potenoLlly disrupt dw chiiiu synthast aizyme whkh is locatd in tbe celî membrane. Both 

iavi~~~ys,rpdiavivoanimalmOdcIswenePsedinmestexpaimcnts.Invio~ 

s t p d W  sbowad synagy betwecn rmdanycins and a numkr of amles (incIu&g 

f i u c o ~ k ,  ktocoaazule, itraconazoïc) ogainst C. aibicol~s, but not otha C&da 

species. Tbe in vivo c ~ n t s  did na correlate with in vitro d t s .  Synergy was 

confincd to cmsin smles ami cgisin nxed ratios of agents. " It caa be seen ttiat chitin 

syathase inbibitors may be developed ss thasputic agents &ber alone or in combination 

with othQ agents. 

Ihe echinnrgtutills me cyck hexapeptides which exhibit noncornpetitive 

inhibition of 1,3+gi& synthase. 'Glucaï~ is a polymr of glucose that is the main 

carbohydnte canpomcnt of the fungai aîl waU 1.3-&Olucan synthase is a al1 membrane 

enzyme that uses UDP-giucosc substxatc 'and polymsrizes it tol,3-~giucan (sec Figure 6). 

74 

(1) Glucan synthase 
A standard assay fa the enzyme targct of cchiaocaadias: 1.3-b-glucan synthase 

ha9 bem kaown fœ some tirne. " Also hown fot some thne was that the enzyme was 

cotnposcd of two suôunits: a catalytic insoluble mmbme subunit, aud a soluble GTP- 



biruüng rcguiatay c0111po11c:nt. " Thas has bcen a logt amount of effm put f e  to 

i~olatetbt~mdlberemb&.~~~lm#tall&diewodrincbtc~tpsing 

Sueclioromy~~s ceraddae kcPDse dits hiphid nature and henœ its case d genttic 

manipuLtiaa Usingrrrinaiia to ldla t o x h  ofH~llsellUIiX wnvatii a n p m b e r o f ~ h ~  

foiiad gem that was hvolved inl,S&glnmur 8yothsas, (HRR-1 and KNR-4) however 

these gents did not cmmcb fa the enzyme itscE Using L7333a. a amisynthetic 

echinrY?sndin, mwchs isdaaed echinocadin =sistant Saccharomycees cenvrcioe due to 

a mumion in a sin& gem: etg-1. This mutation a b  caafernd riesistance to the 

membre  bouad ~ , ~ - ~ @ u c ~ I L  synthase eiizymt subunit The scientists proposed chat diis 

pne eacoded fa the catalyric subunit of 1.3-j3-$ucan synthase. " When Eni-1 was 

cloneû a sraprislng resplt was found. The gent was identical to a coIlcOmitantly cloaed 

gcne -1, mutations in which causal hypeffctlsitivity to c y c h p z h .  nie gwit enCodcd 

fu a 215 LDA integrai membrane polypeptide, with 16 mmsmembranous regions whkh 

would be amsistent with the membrane boMd subunit of I ,~-~-@ucM synrhase. 

Homologs of this e~zyme wese also &tcctcd by complcnmtation in C. ubkm and 

Aspergitllic/iaig~til~. " A fun- homobg of m(S 1 named FKS2 was foaad in 

Succ~omyces  cercmrirrcthat was 88% identical to FKSl. Ncither gene is essential f a  

the ce& but nuii mtaticms in both gents aie faial to the ccU. The transcription of FKS2 

is CalcineUrin dcpcn&nt which expiah whyjksl mutants mrc sensitive to the calcinemin 

inbibitor cycbepoiin A. Th= was faiad to be differential expression of the two enzymes 

deperdent on the ccii cycIt* Afm the initial discovery of the gene many der labs 

codbmxi the nsults by their own cloning enperiments. In one case papulsrandia B 

resistant mutants w a e  used to clone the gene PBR1. also found to be identical to ml. 
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(2) Inhibiiors 
lbat are four classer of nanwlly ocnirring agents which arc hown to inbibit the 

synthesis of giucan in fungai ceiis. They were ail discovered as a nsult of smening tests 

for antifungai agents. nie fifft class is the acdeacins pirDduccd by the organism 

Apergillu uculelu~ls. Thme arc seven types of this lipopeptide: acdeacia A B, C. D, E. 

F and G. of which aculeacia A is the major component (see Figme 7). The tchinocandins 

were discovcIled in 1974 and includt: echinocandin B. C, and D of which echin-din B 

is the primary cmp011cnt The cchimcendins. which ane structmily similar to aculeacins, 



are pmduœd by m t g ü I u c  nidulonr, and Aqergillzu mgulosrrs (See Fi- 7). Anotfitr 

ririlülrclrrsdcanpooPb~pic~A~.BR(UdG~VfdfrOlll~oigPnLsm 

Zalerian 4t;bori~oîù* " Thac ire five pepukdhs:  A, B. Ç D, E, which wclc 

d i s c o d û m a  scRin of P4pulmia spkrospere. .These oompoUIIC1S ae smrtmslly 

différent niom die odia t h  clara«r. 'Ibca stnictuc ha9 bew dcscnbed as "spirocVciic 

digiycosidc cstded by two 10ng-chai.n uaPatorar#l tatty acidsn (sec Figue 7). ' 



Figure 7: Chernial structure of echhmndins and papulscandins. " 



Thescoltpciiis.cEhiaocrridms,rmdpncumcy.IuylinS~aaimilarstnictuaewbich 

bas kcn e~osive1y studied in fit@ to its m m  activity rciatîcmships. " The basic 

smcmc ofthe agents is s y c k  bxapcpti&ring with alipid side chaia. They psess a 

paimotok, linolàc, inddimdhyl-rnyrimic si& chain fœeach groap mqcaively. ït lus 

been f d  th mitha tbe hsxapeptidc ring athe Iipid siâe chaia bave any anthgai 

activity by thmsc1vcs. Bah Iirt essential fathe activity ofthe dccuIc .  Synthctic 

substitutioa of amho pups of the ring wac found to produce miuction in antifwigd 

activity. lllls dctwnstratai the rigid smrtursl nqairitmem fbr activity in the peptide 

Mg. Thenuurtofthcridechainintcnrrionwrsalsostudi#laaditwasfouodthattbt 

chah nseded to be at hast 12 carbons long anâ that the optimai ectivity was cncountemd 

at C-1% ChemicJLy divase side chains coiild be intmduceü as bng as they nmained 

b m r  andfipophilic 74 

T h e  havc bedn two stmtegics that have ken mon succtssfid in producing 

semisyuthetic dcrivativcs of the naairally occmriog mmpounds. In one strategy the side 

chah d d~hiuOC8Pditl B hss been ~epîaccd with 0 t h  lipophilic linear molecules. In dohg 

so this has Hicnarcd tk potcncy and spcctmm of these antifoiipb. Aiso it has ptsvented 

the lytic action on nd blood ceh. a toxicity d the prit CO-d. Two agents in this 

category lue cilafungin and LY 303366. The holeok grwp of echinocaudin B is 

substitutad with n-octyioxybenzoic or pentybxytc~phenyl~oic side chains 

respectivtly (Sec Figure 8). These agents have good d v i t y  against Candida species, 

AspetgiilwfMgutw, and PneumocystiS cdnii. As stated earlier, one of thc 

characteristics that P. cuMi (a newly classified fungus) shans witb other funpi is 

giucan in its aiï waii, thus ~ndtring it susccPtib~e c the echinocandins " However, 



Cîypto~o~~us nwfo~~irinr because it ut ibs  a-giucan is not 8psccptibIe to the 

echinocadns. Ciîofuaginbrdp~~giwsedtocIinicalsadies chathadm bebauedbccause 

of acutc tubuIaa necmis. Thig ad- effect was atuibufcd to the vtbicle wbich was 26% 

pdytthyîeœ giycd. ' Tbc newest agent nidied LY3O3366 has pa te r  potency, aPI 

8rCtivity.ridhapeCulyrvillavoidtbedveraeff~ofpic~c~wknit~c 

clirucal cnplr " Tb odia ipproreh in rntifungal synbisds hm been to mDdify 

pneuriumuwan BO, iwit by changing the lipid chah but by modifjhg some of the amho 

gmups. In Qiag so these corn@ have incrc8sed paeocy and wam mlubüity (se 

Figure 8). " 



EC8 Nucleus 

Figure 8: Chemicai structure of semisgatbetic eehimfsndi~ and pneumocandins. 



susceptibilities a most Cmü& specits wae lower thau the polyenes or azoEe teste& 

Howtver hi@ MICI wat found fm C. guùdïoennondii. C. neofomans, d Aspergillus 

species. When MFC e-nts were pdbtnxxi the h g  was deemed to bave a 

fungistuic cffoct, houever in brMh gmwiiig œlls wue miaoscapically obsemd being 

lyseci s, By the early 1980's the effect ofpapalracandiii B and a c t h c h  A on a 1.3-& 

ckariy inhibited by pspulrradin B and rculcdn A Two diings of note: d y  the enzyme 

Cassoac et. aL studied the ulw~mrant via tmmmbion eltctn,n miaoscopy ('El@ of 

C. uibic01ts exposed ü, ahinocanriin B in synthetic media They observai a dllnmng and 

disotganiration of the ceii waiï especially in the growing b i d  Unaccounted fm 

mmbranous bodies appeand in the cytosol close to the cell wall. * A similar study ushg 

a~uleacin A and papulnr?annùr B fouad scaMing electron minoscopy (SEM images 



showcdœIIs wriiilded andclmigiog a n d m  images s h o w c d ~ a U w i l l s  aid 

cytopIadc in-. Aiso genn tub f i n  wps &Sand to be inhibited at 

subMïC o011ccnmtions dtheae compods. % A iatcr study utiliaiag cilofimgin 

am~baraOed thcse obacsvrtions. " By the mid 1980's standarid IS3-~giucan synttiase 

assays wa publisid " Soon a fb r  assaya on C. &km pmoplast lysates that showed 

tbPt cilofiingïn, a smbyr&& ~ELinocudin, was a mmmnptitivt inhibitor of tho C. 

albicw 13~glucan cpàuse enzyme. 9~ Tang and Rn pubiishcd a mcthod of the 

solubiluiitai af the enzym fmp the pi~taplasts and coatïrmed die noncompctitive 

Liaetics of- inhibition. " L vitro susceptibiîitics of yeast towards cilohgin 

were prfimxi ushg a m i ~ ~ ~ b r o t h  dilution test. nie M C  a f a  C. dbkcan~ ~d C. 

nopicdis was S 0.3 1pg)hL However C. pmapsilosis, C. neofomns, and S. cerevisiae 

srraùis mrt rcsistant with MI& of 2 40 ~ g b l  fm the first two specics. Thae was also 

faud to bc diffc~ltnccs in M I 0  based on thc media d Antibiotic media-3 produced 

clear endpoints. Whüt Sabouraud broth, end yeast nitmgen base h t h  @ucd parrial 

inhibition at the AM-3 MIC with a trailing cffect obscrved. Aise, with an imculum size of 

r 16 cfulinl therc was faind ta be les riccivity. lm Anothu snidy demonsoated that pH 

had an e&a on the MIC rcsuits. " The MlCs tcnded to be higher as the pH decreaseû, 

however tbe minimum fimgicidal canceotraticms (MFCs) wat much closer to the MICs 

with the bwa pH. Two mains which had simiiar xesults at pH 3.0 and different resdts at 

pH 7.0 w a o  tested in a rat mode1 and famd to have sitrnlar susceptibilities. Also, there 

shown to be diffaences baseâ on the m#üa used. However, with inoculums between ld 

and id CFü/ml and temptraturts of 30 and 37OC there was m changes in MICs. Clear1y 

the n a d  fœ mon smdy in this area was nccdod Numerous studies have ken pgfonned 



modelthrrcilofito*in101i1i~~dosrguf&1iIICblin~~ti~~nitinsitbahigh 

inmnbnt dosages aconthuous idusion the kinttic of the dnig changai and foliowcd 

n o n i i a t P ~ m ~ t i c s ~ ~ w a s ~ ~ b i ~ ~ t h a t p r o d u c e d t i g a i n c a m  

~ l s a r i n g o f y w s t ~ f r o m ~ . ~ ~  

That has rbo ktn wark &ne whh thest agwur andA.petgiillrrr Jpcatsb Denning 

aad Stcwm dctcmhi thatciiagin was equivalent to anpboteficin B in pitventiag 

death in a disstminsmA rspagillosis mpdat m&I, riitemhgly the combination of the 

two agents had antagoaistic effit  " This hPd ken seen in en in vin0 C m  study, la 

but an in vivo mmint modtl of caididirsir predicted synergy betwetn the two cûugs. '" 
The CO~~S~QUCLY;~ of these drug combinatiam may depend on the ciinicai situation- In the 

same way as cïiafpagin was &monsrnted OD noncompetitiivcy inhibit the giwan synthase 

of C. olbicm, thiO was aiso do& with Apergiil~fMu'ganrr~ los An interesthg 

investigation studying in vitro nsuits withAspergill1cs species was conducred The 

resea~~hers wsre able to caniate the dmg concentration what cell waii was cleariy beig 

disniptcd usir~g electir,n niiciwcopy, and the dmg carentratioa at which marn>scopic 

morphdogical changes which couid be quantifkd. 'Iaey proposcd that the use dan MEC 

(niaimirm effective co~~~ntmion),  the finit concentration whicb demonstrateà this 

maphological change, wauld betm nfkct the activity of echinocandins agaiast 

filsrirr!nm fun@. 'O6 

An C-g dtvtiopmeut in the investigation of these agents i s  in regard to 

Pneutmcystis cdnüb As statcd d e r  P. cm'nii has bcen rccently classifîed as a yeast 



andinkœpingwiththisMingcoatains 1,3-&glirrninitscystwallThisir@xed 

-bers to ien the su~ccptibiiity of& o r p i a n  ta cchinocandh Given tk faa that 

the staid9d thuapy dttimethopiim and suiphanrtthode was net weii tolerated in 

many patients diir possibiiity was a m~ch nœdcd akndvt. It wao shown bat C61193B 

@œ- Ao) wu cffrxcivt in cltsang P. cd& cystr firom rat h g .  A papiiirandin 

exbibimi mbmi Slctinty againgt the o r g a n b ~  lm 'Lbe most -nt wam soluble 

plieurnoandin denvative G733.560 was reso#i fœ in vioo activity Ming a modined 

xnkdilution adapteci from N a  tentative guideliœs (M27-Pl). and a di& diffiision 

meth06 This aguit sbowcd enhrurccd potency to Cm&'& sptcies , weak activity against. 

C. n c o f o ~ ,  anâ d y  exhibitai activify against Aspergillus employing the disk 

difhisim assay. " K m e  etai. showed that tbe increased mtifirngai activity of this agent 

was duc to incrresed gluun syntbase inhibition and mt to a secondary effect such as 

disniption daii membrane arotha mrnbrauc boundea~ymes. la Utüiaag a nunine 

mode1 fa upergrlbsis, cadldwm . 0 .  , a d  crypaDCOCCOSiS, Abmm and mhgucs evduated 

in vivo cfncacy d G733560 compareci with arnphofericin B. G733,560 was administered 

amphotddn in signihdy iaCIC8Siilg smvival rate, and in m h s - g b  

kidney. Himever efficieiicies wffe l m  for L733.560 given d y ,  and th- was no 

reduction in IDlIrt8üty nte in the cryptocoocosis modei. "O L-733,560 was tested against 

flucoiiazde sensitive and fliroaazole nsistant C. aibictuu using a photometrie mimbroth 

method that co~rtlated weil with the NCXLS tentative standards in =ference strains. 

There war DO signifiant diffierence in MICs between the two groups. 111 



to siirmP agents, ecbieocuidiii B wu, not active with these argBIljSms. Howcver, one 

activity wem not changeci in the mutants. However, all surface hydmphobicity was 

nmkaily ndired in 3 of the mutants. Il2 In aaother Jtudy an induccd papulacandin A 

&tant mutant was isolatmi which showcd no d i f f i c e  in growth rates and membrane 

iipidcon~nt.ThcMICinthip mutant was2ûtimeshigû~thaninthewildtype~ 'Lhis swin 

was f o d  to have mutations in the gene encoding the 19-$-glucm synthase enzynip-* A 

study which dtmo11strattd aponmeous Sacchcuomyces cereviSiQe m&ance to 

prie- Ievealed cross nsistance only to siinilat classes of agents, and not to othcr 

aatüungals. Changes in die hydmphobicity of the csiï subace. and degradation of the 

antifungai mdecule w m  niled out as mechanisms of re~istanœ. The nsistaace was 

e c h i n m ,  muiîhg fmn a mutation in the gênem '6 This mutant strain also exhibited a 

supemnsitivity to nikkamycins, connmiiag the understaading of a close iink bctween 

glucan and chitin. Echin- nsisoint mutants possibly shift some responsibilities over 

to chitin to overcoue the effet of glucan inhibition. h g  combinations of echiaocandins 

and aiLlromycins mry be a method to M with &stance in funpi. lL3 In C. &icuns th= 



h a s ~ h o o n a ~ n u m b c t o f s ~ o n ~ . O r # d t h t G r s t I o o l c e d a t  

pap9lciidinBrrrirtureindDcedbyUVRdiatioa.afddiat-ta~~aialrued 

mrrdiiced~bftioiid~incaporacion~otbtœllwalt1"~.olok~~ 

A rcsUmt mutants wac rlso inducai by W Eght, No change in p w t h  raa or 

susaptibility to agcw otba than aculeacin A a papukandin B was four~~L Then was a 

sipif~cant c i m e  in the iipid composition of the mutant min. C. dbkm 

echïnocadin @tant mutant CA-2 (iaduced by n i t m g w n k k ) ~  smdicd in tcrms dits 

l$-&gluam syndiaar. inhibitioa a cilofungin. It was s u g g d  that inhibition of the 

cnzynie aioœ wu na enough to explain the deaease in susceptib'ity. The l , f~g iucan  

syndiast tazymt was inhibitcd in borh paient and rwistsnt stains fa the nrst four hom 

af ta  which cime tht enqmc fim the rrsistant s t d n  began to ncover îrom the e f f i t  of 

the Qug. Pbtentid upgla or efnux m#:hanisms wcrt proposeci as an explanaticm f a  this 

observation. Il6 Che of the pmbIems of the pvious C. Iilbca11~ mumt isolations is the 

use of mutagens which caa PoQœ multiple lesions, and would be less Wly to ocan 

outside t&e lab. Recentty a C. albicans spontaneous mutant has ken desmibed. '" Using 

conccntraticm of 2X ami 8X the MIC of pneUmDCElllCiitl L-733,560 scientists wexe able 

isolate mutants at a rate of 0.1 a> 1 in 10' cfb/hL Thae was no differienœ in p w t h  nues 

or gam tube famaton betwcen parent and mutant s-. The mganism was &tant to 

echinacaadui stnictiiribd cûugs, but not ü, climcal agents including: flucodt, 

imiçonamle, ketocorillu)ie, amphotericin B, and fiucytosine. The sensitivity of the l,3-@ 

glucm sya- aiymt to L-733,560 is tieduced in the mutants stab. VlZUlemx studies in 

mice &moiistmted no change in M e n a .  Whiie the in vitro MFC for L733,560 was 



media c4iadaing iPhibitay h i s  ofLY303366 in an aaanpt PO isolate LY303366 

resistant C. dbicanr mutants. Once mutants wodd bc obtaiaed studies would be 

pafamed amparhg the pertnt and mont straïns in the fonowing anas: stability of 

nsistana, cIinicai Sntauigal susceptibilicy; growth patems; LY3û3366 phamimdynamic 

patterns; morpho-, LY303366 gcm tube inhibition. This was &ne widi die objective 

to better umkmmd the nature of echinacandin riesistana in C. albicans. 

III. MATERIALS AND METHODS 

C. aiBicm clinicai klices Y41, Y58, and Y180 h the Cihical Micrubiology 

Departmcnt, Health Sciences Cena, Wiaciipeg, Manitoba, Canada, were used during the 

course of this study. American Culture CoUection (ATCC. Rockville, Md) C. 

olbicuw rcfcltnce $train 90028 was a h  utibed. haing the course of the smdy, six 

LY303366 mistant mutants of puent strain Y41 wae isolated. The thret stable mutants 

wem labtled Y4LYRa-c, while the transitnt mutants wcse ïabcled Y4lLYRd-f. Ali 

isolates wae stand in skim mille at -ûû°C, maintaincd on Sabouraud dextrose agar (sce 

media) incubatecl at 3S°C. 



t 12.0 iqg d rmphaeddn B powda (Bristol-Myar-Sqilib, St. Laurent, Qoebec) 

with a pocclry 060.914 mJbig was dwsoavcd in 10 ml d ~ y s u l f o x i d e  @MSQ 

Sigw, St LOUES. MO) and 8ilowed a, acKsmîb fa 30 minades. This d a e d  in a stock 

solution of 10240 JL- amphoqiçricin B which was stacd r -WC. 

2. mucInioaole 

20.05 mg of fIuc0118~)1t powâcr m, KiLland, Quebec) with a potency of 1.0 

mgmg was dissdved in 2 mi DMSO and aüowed ro scE=sfQilize for 30 minutes. This 

nsuited in a sdutiaa of 1 0  p@ f l m ~ I e  whrh was made up h s h  the day of 

each expahmt.  

3. LY303366 

26.69 mg of LY 3û3366 powdcr @rovided as a gracious g i f t  by Eli M y ,  

Iidianapolis. Indiana) with a patcncy of 0.956 m@g was diss01vcd in 25 mi of DMSO or 

medimol (Sigma, St. Louis, MO) and allowed 00 self-smiliac for 30 minutes. This 

resulted in a stock solution of 1024 pglinl LY 303366 which was s t a e d  at -2û°C. 

4. 5-Flucytœine 

25.6 mg of 5-flucytosine powda ( Haffman-LarPchc, Missisauga, Ontano) with a 

potency of lmgimg was dissolved with heatiog to 56OC in 25 ml double distilleci -ter. 

The solution was filmtd through a 0.45 pn 115 ml volume Ndgene disposable film 



6. Clptuûoxacân 
29.32 mg of ciptofloxacïn powda (Baya Inc-, Etobicoke, Ontario) with a 

potency of 873 pg&d wu dissolvd in 25 ml of dd watcr. The solution was fïitcried 

through a 0.45 pm 1 15 ml volume Nalgene disposable mter. This resulted in a stock 

solution of 1024 pg/inl which wes s t a e d  at -80°C. 

C. Media 

. 1. BufkedRPMI-1640 
Bunatd RPMI-1640 (Sigma, S t  Louis, MO) was used as the liquid medium fm 

susceptibility testing, gmwth~ciwes; tim-kili cmcs; and postanti€bgal cffect studies. 

10.4 g d RîMI-1640.2 g of sodium bicarbonate (Sigxna, StLouis, MO), and 34.53 g of 

3-[N-maphilinoJ~sulfonic acid (MOPS, Sigma, St. Lwis, MO) w e x ~  dissolved in 

900 mi of doubled dirtüled water. The pH was demnMed using perpfiect Log R meter 

mode1 330 ( Analytical Technologies k, Boston, MA) and adjusted to pH 7.0 . 
Appmximately 6 ml of 10 N NaOH was needed to adjust the pH. The d u m  was then 

made up to 1ûûû ml with double distüled (dd) water. The solution was then nIter sterilized 



and stoicd at 4OC. 

Aiialyticai TcchnoIogies Inc., Boston, MA). and adjwocd a> nad 7.0 .The solution was 

then fprdia dilutmi with rmils water to 800 ml yielding a N) mM pH 7 phosphate buffer* 

To 400 mi of diis bunu 1.34 g of yeast nimgen base was pdded A h  88.5 mg of N- 

a c e t y l g i ~ a i d 4 6 ' m g d p r o l i n i C  was addedtoyield 10-3 Mof bothc~mp~uads. 

3. SoborrPud dextmac agar @DA) 
SDA ( BectonDickinson, Cockymille, MD) was usedas the soiidmeAiwn to 

cu laa  and msintsin C. a0icuns strains* 65 g of SDA was diwolved in lûûû ml of dd HsO 

and autociaval at 121°C fa 15 minutes. nien it was dispcnsed imo s t d t  petri dishcs and 

after coolhg s t m d  at 4 O C  The pH of the media was 5.6 f 0.2. 

4. B n m  heut hfiisim QHI) 
BHï @%CO, Deooit, Michigan) was useû as the solid media for the isolation of 

LY303366 nsistant C. &icuns.l# g of BHI was dissoLved in 3000 ml of distiUed water 

and autoclaved at 121°C fm 40 minutes. Then it was dispensed into sterile petri dishes and 

after coolhg stored at 4 O C  The pH of die media was 7.0 . 



5. LYJMj66boorporitfonMoPcdh 
LY 303366 and cipa0aamc-h wu iirapmnd bto SDA end BHI platw at a 

spsci&d concentmion. Sccondly, a LY3O3366 solution wu ddcd to the d a c c  of a 

miiâ rida plne ad r l b d  to dty- Tbc voIumc dmedi.  in the plate (qpmxhmely 25 

ml) was takGn into considffation so that a specintd coluxntration of LY303366 w d d  bc 

achieved in thc p h .  DMSO wu a b  ddtd to BHI at volumes quivalent D the DMSO 

added to BHï in LY303366 incapaatcd plates- This was as a coatiol to test whether the 

vehicle @MW) that LY3û3366 is dissolvcd in exhibitid any inhibition of C. albicans. 

D. Mutrnt formation 

Atchettaeofüie~cltpcrimentthaebad~nmimmalrtscaich@OOmedio 

creating LY303366 d s t m t  mutants in C. &icansr. Ofthe waL ushg echinocandias as 

the basis for mutant sclCCIion, almost aü of the work had been pcrfoDmed on 

S ~ C C ~ ~ ~ O W C ~ S  c e r e v ~ ,   ad mutagens ~ e r e  usuaUy employed. ~ W W U  The @lOid 

naaae of C. olbiwu mslas mutant sclcction mrnr: Aifficalt because many reSiStance 

mutations are xeœssive thus necessitathg mutations in bah &les. Also the use of 

mutagens in cxpsriments is  a disadvantagc because dtiplt muauions may nsult. 

Therefm the piocedraes used fm mutant sclcaion wpt notas much patterncd afa 

previow yeast experiments, but rather pnsvious w& in our lab. 



1, B~~ 

The C. dbiccuts rarins ATCC 9002%. Y41, Y58. anâ Y180 wae each addcd to 

2û mi of RPMI media in flasks. and incubatal far 24 hamr in a 37OC shaLmg wsmbath. 

Afiitr24hcn1rs 1 mlwas taLenbeiomeach)rmthaadwedtoiaOCP180t:9mlofRPMIwitb 

HxMICafLY 303366, and9mlofRPMiwith0.002%DMSO. Alinewsetaffhuk 

w c r c p l s a d i n t b e s h r l O n g ~ ~ 3 7 ~ C f o r 4 8 h o m . A A e r 4 8  hours 1dwastaken 

fiomthtHrtMICQask~i;igCdminOCUlatt9dofRPMI:witb IxMICLY 303366.1 

mi fiom the control fhsk was useâ to inoculate another contml flasks with 0.004% 

DMSO RPML nie fiasks waic piaccd in the shaker watcrbath at 37' C fm 72 hours. Aftcr 

72 houn tbc last stcp was litpuoQ afa which viable cell counts were examined on SDA. 

The appcarance of the h t h  was obsemed birough out the expaimnt. 

2. AgarMethod 

Two M a s n t  solid media wcre used in these cxpcriments: SDA, and BHI. A 

colony ficm C. aibicm raain Y41 was used to inocdate Io00 ml of RPMI which was 

incubateci at 3Z°C with agifation* Afia 24-48 homs the RPMï was centrifiiged at 4000 

rpm for 20 minutes, ushg Accuspin FR (Beckxnan, USA) and the supernatant was p o d  

off. 10 nù ofconanaated inoculum was ~icc0vcFed fiom which viable œii counts were 

p c r f d  A 1000 pi and 100 pi inocuium was then pipemd on to solid media with LY 

303366 b c q o m d  into it at a conantration range of 1-40 ~gtml. These plates wen 

incubated far up to 10 days at 35 O C  Any yeast colonies foImed on these plates weie 

npeatedly subcultured to LY 303366 inc&mated solid media plates. Susceptibïiity 

testing fm LY 303366 was perfMmtd on c010nies h m  both the Onginai and subsequent 



Ilit six subcuim with the initiai m&tmcc phenotyp (Y41LYRa-f) weit 

repeetedly passai on SDA and incubafed at 35 O C  fai 48 how. Susceptib'ity astirig was 

pcrfbnd 00 each of rbeae s o b c u l ~ *  lhis pmcedurt was ~cpeated nineteen 

tinm.Y4U1YRa and Y4iLYf that wue stockai in dcim d k  at -80°C were taktn out of 

stock and xecuitmd an SDA. Susccptibility testing was pedormed on these cultures to 

o b m e  sobility of the mutants after dit stocking procedure 

F: SuscepibiIlty testing 

nie antifirngai susc~ptibility twhg employcd in thcse expeximents was based on 

the NCCLS pmpod = f a n a  rœthod foi macmbioth dilution antbgal  susceptibility 

testhg d YCWS (Mî7-P. M27-T). 

Mdtd 1 ml dRPMI to each est tube in a saies oiaitting the fïrst tube. nie h g  

stock solutions weh diluted with RPMI-1640 in the following msnnef: 

0.3 ml 10240 p@ni amphotcricin B + 2.7 ml RPMi = 1024 pghnl amphotericin B 

0.25 ml 1024 pgfd amphoterkin B + 15.75 mi RPMi = -hategp~ B 0 

t 

O. 1 ml 10240 f l u c o ~ l e  + 9.9 ml RPMI = 1024 pg/d fîucoaau,Ie 



lm1 1 0 2 4 c y l b i l f i ~ I t + 7 m l R P M ï = ~  

0.1 ml 1024 Cylml LY 303366 + 9.9 ml RPW =IO30 p@hï LY 303366 

2ml10.24lyWLY 303366 + l4rnlRPW=- 

l m l l ~ ~ f b y t & m + l S m l R P M I = ~  

0.5 mi 1024 liglhil kefocobazolt + 155 ml RPMI = 

Fa cach of the drugs 1 mi fhm the diluted stock was pipetteci into the fïrst empty 

test tube in chat drug series- 1 ml ww th dded to the next tube which alicady containcd 

1 ml of RPMI; This tube was tben vcntcxtd and 1 mi fiom tbe 12 dilution was mmoved 

and ad&â to1 mi RPMI in the next tube d the saies crcating another 1 2  dilution. This 

procedurc of 12 serial ditution continucd Uotil the iast tube where 1 mi is rtm,ved fmn 

the tube and discarded. Hkncc the tubes wouldeach contain 1 mi of a 2-fold dilution of 

the givcn &ug ?be cancentr8tion lsulgd'for the antifimgal drugs we= as foiiows: 

Amphotcricid B9.0346 p%ml, Fiuconazolc: 0.06128 pgtml, LY303366: 0.00125 -128 

p Jml, 5-FC: 0.0154% pg/ml, Rttoconafnlc: 0.004-32 pg/W 

Thrce cdoaies fbm a givm subculaired strain gmwn up on SDA at 37OC for 24- 

48 hours wac picked off with a smilc loop and placed in univasal jar with staile watsr. 

This i n d u m  was iIrssoied spccaophot~mttncally using Spcctonic l2ûl (Milton Roy, 

Pa10 Alto, CA) and sdjusoed to achim a tubidity equivalent to 0.5 McFarland standard. 

0.1 ml was pipetad &an diis inocuiwn and diluted with 9.9 ml RPMI in a Erlemmyer 

flask. 0- 1 mi this flask was pid into 0.9 ml (4'0 nannal saline test tube. After 

voztexing tube 100 pi and 10 pi were «rh pipetted to H of a SDA, and streaked out over 

H plate. 50 pi h m  the inoculum flask was pipetted to each of the dnig tubes starting with 



the lowcst cmccntratim ddrug and continuhg to the highcst Tbe fimgal i n d u m  ti 

each tube wu 05-23 x ld CFUm Pipene tips wexc changai berwcen dru@ when moh 

taan one drug is M g  challcngd by the same mganism. U) pi &af@ inocuium was 

also ddtd m a growth control tube with 1 ml of RPML Negativt control tubes containing 

1mlofRPMTPndlmlofRPMIanddnrgwaealsodAnNC<ZSn~nastrain 

was usecl as i conml as to the stanatrdizatlai of the test  AU mbcs wac agitatcd pria to 

incubation, AU tubes ancl cobay count plates were incubated fa 48 hours et 37OC A- 

48 hours tk tubes wac errunined for growth and the colony counts are xead off the 

plates. Fa amphotcricin B and LY 303366 the minimum inhibitory concentration (MIC) 

was the lowest coaccnaation tube in which no growth is obsavcd. For amle dnigs and 

flucytosiœ the M C  was the lowest conanmtion tube in which a 80% reduction in 

growthcomp~mtbcwna0lisob~~~dTo~chisout20~frrnnthegrowth 

conool was added to 80 pi of f n s h ~ ~ M I  in a new test tube. The lowest concentration of 

antifwigai in a tube which has lcss or equivdent p w t 4  than tbc 8û96 d i l u a  tube was 

considered the HIC. The nason for this proadtue is because of the lcnown prop:nsity of 

the a d e s  and fiucytosine m produce aailing, whcrc a smaü amuunt of growth continucd 

to k: obgtlved u hi@ antifimpai conccntrcttions. 

Minimum fungiçidal amantration (MFC) was not part of the NCCLS guidelines 

but wcre pafarmd in accordance 4 t h  known practias. 100 pi fixm each ciear tube in a 

MIC assay was taken and placed on H of a SDA piate and spead o v a  the H piate. The 

plates wexe incubated at 3S°C foi 24 hem, afm which thne the nmber of colonies were 

counted and the C F U '  was determined for the individual tubes. 



Parent stxain Y41 was compad to both Y4îLYRa a d  Y4îLYRfia regards to 

W-gmwch cmycs. Foi each Jaain tested one colony of C. a0icwts fhm a SDA phte 

was pkked OIT with a loop and placed in 20 ml of RPMI-1640 în an Erie~ll~~tyer fhsk. Tb 

fi& wu inCubatcd rt 37OC in a shaker watcr bath fa 24 hotus. At O, 1,2.3.4.5,6.7.8. 

12,24 houm 1 0  pi was mmoved h m  the flask ad dilutcd tbrough a series of0.9 mi 

namal saline (4T) test tubes. Hena in cach tube the concentration of CFüm was 

rcpeattdly dilutcd 1 in 10 cimes. 10 pi of nomial saünc h m  cach tube was placcd on a i/* 

of i SDA plate und stcePlred out to cover the full W dpiate. AU plates wcrr inabatcd at 

35 OC fa 24 hom. At this timc the piatcs w m  taken out aad colonies of yeast w a  

counted on each section. This method is known as viable ceU counts. Out Mt of 

dekaion was betwœn 2û and 200 donies in a given section. hwi the number of 

col& obtained at given dilution die CFüM of the cuiants wcrt CalCUltUtd. Fbm this 

infontyation growth c i w e s  could be plott#l to show the chauge in C F ü / '  ova thm far a 

given strain . 

Puent s t m h  Y41 .was compareci to both Y4îLYRa and Y41LYRf in riegards to 

timt-kill cwes. Fa each strain tcsoed one colony of C. &ic41is h m  a SDA plate was 

picked off with a bop and placed in 2û ml of RPMI-1640 in an Edenmeyer aask. The 

flask was incubated at 37OC in a shaker water bath for 18 hom. After this time 1 mi fimn 

the cultune fhk was removed and anAPA to a new fia& with 8.9 ml RPMI-1640, and 0.1 

ml of antifûngal at 100 oimes the àesiiied coacentration. The con001 fiask containeci 9.0 ml 



RPML16(0 a, whicb tbe inocuium wu dded Typiclny the fiael caiantIELficm ofdmg in 

tbetcstRaskwas UCdlOXtbtMC&~s~ThtSt~-hbabedfoa24 

h o u r ~ u 3 7 ~ C i n a ~ ~ b a t h . A t O .  l,2.3.4,S,6.l&24hoon 1 0 0 ~ ~  

nmovrdfromerbauLuddilUtrAtbraigh~ndcrd0s9mlnormilrJiae(40~1#t 

tubes. Etencc in u c h  tube the coacenmtion &CFU/mi was repacadly ûiïutcû 1 in 10 

tirœs. l ~ @ o f a a i i r l & ~ e a c b t n k w a s p l r s d a n a % o f a ~ ~ ~ p b d  

stnalrod out with a loap to m e r  the fpn 'A of pîatcs If the CFU/ml was expe*ed m be 

low as a givm t i m  tben mndiiuteû RPMI-1640 inocdum dmctly h m  the tlaPL was 

added a, SDA plaa 10 pi was'uldcd m % plue. 100 pi to a 34 plate. and 5ûû-1000 

was add#lmaUplrteofSDAAllp~watiacubafcdat35 o C f o r 2 4 h ~ ~ . A t d i i s  

tim the plaw w m  taken out and co1anits of ycast wat counteâ on each section. This 

method is known as viable cell counts. Our limit of &taction was between 20 and 200 

colonier in a given seaian, han the nomber oâcobaw obtained at g i v ~  dilution du 

CFü/mî of rhc d m  wen caiculatcd. Frnn tlgs infmmion the change in cmJ/ml over 

time c& be p l d  for a givtn drug and C. & c m  suain. 

Port antIkngaI e m t  (PAFE) 

Parent strain Y41 wac compami to Y4UYR.a in ngards to PAFE. Thc PAFE 

experiments stertcd in a shilar manna to the rimIkiU cwc tests. For each soain mted 

oat colony of C. &icq fbm a SDA plate was pick#l off with a loop and piaccd in 20 

ml d RPMI-1640 in an Eriemeyer flask. nie flaslr was incubated at 37OC in a shaker 

wata bath fœ 18 hom. After this tMe 1-ml h m  the Bask was removeci and added to a 

new fiask with 8.9 ml RPMI-1640, and 0.1 ml of antifungal at 100 times the desired 



supanatant was dccantd and the peliet was rwuspendcd in 10 mi of RPMI-1640 (37OC). 

10 pl hm ihis suspension ww difutcd with 10 mi RPMI to acliieve a 1 : l O  dilution. The 

purpose dthe centtifugation anci die dilution was to Iitmove the sntifungai fmm the 

cuituie. At this point the flasLs w a t  plaad back in the s h a l m  watcr bath at 37 OC and 

aiiowcd ro incubate until turbidity was tvident. At O and 2 hours ofpre-exposun to 

anafullgai, and a& O, 4.5,6,8 hom afm antifiuigal m x ~ ~ a l l û û  pl was nmoved nOm 

each fhk  The 100 pl was 1:10 serial dilutcd in 0.9 mi 4 O C  namal saline. 10 pl of n d  

saline cach tube was placed on a iR of a SDA phte and soeaLed out with a loop to 

cover tht fidi U of plaie. Ali p b  wcn knibated et 35 O C  for 24 hom. At this thne the 
r 

plates wcn taken out and colonies of ycast wae countcd cm cach section of plate. Our 

limit of & W o n  was b e t w e ~  a) and 2W colonies in a given section. From the numba of 

coloaies obtsined at givcn dilution bie CFU/mi of the cuïhins were caiculated. Fian this 

infOrm8tiOtl the change in CFüM ova thne couid k plotteci far a given dmg, and C. 

albiconr s m h .  'Ibc PAFE was caiculated as foiiows: PAFE= T(llog)-C(1log). The pst 

antifungal effixt is meastumi by the diffbrence b e m n  the oime (min) fol the test culture 

a> grow by 1 log afta dilution, and the time (min) fol the conml culture to grow by 1 log 

after diiutiaa. This ir a quantification of the effect a antifungal has on a h g u s  afkr the 



Tbc t1yxphol0gyafY41 andY4lLYRa was exnmiacdby l i g h t t i s i w y  and 

pbotogmphs were takm by NiLoa micmacop camcra (Nikon, Tdryo, Japan). The 

pictur#  lie taken of die p t  in aoimal saüne atlCK aud 40X powcr. Abo picturcs 

werc taken of the ymst in NYP (see gnm tube inhibition) afbr O and 3 hom incubation at 

3S0C. 

K. Gmm luk InhIbRIon 

Tk gcm tube inhibition promol was a combination of wo pvious pmtocok 

the NOCLS pmposd rnacmbrath antifringai susceptibiiity (M27-P) %, and the gemi tube 

induction studies of Marichal anci coiicagues. " This stuây lmked at the C. d b k m  

stfains Y41 ad Y41LYRa. 

Addcd 1 ml of NYP to each test tube in a series OIlfitting the fïmt tube. Thc drug 

stock solutions w a t  dilutcù with NYP in the foilowing mpiuiei: 

0.1 ml 1024 p&ni LY 303366 + 9.9 mi RPMI =IO24 pglml LY 303366 

2 ml 10.24 pgiml LY 3û3366 + 14 ml ReMI = 1.28 pgbi LY303366 

1 ml fmm die dilutecl stock was pipeueci into the fint empty test tube in the 

LY303366 d e s .  1 ml was then added to the next tube which M y  containeci 1 ml of 

RPMI. This tube was then vortexed and 1 ml k m  the 1:2 dilution was removeû and 

added to1 ml RPMI in the next tube in tht series creating another 1:2 dilution. This 

procedure of 1:2 suial dilution continues until the Iast tube whae after vortexing 1 mi is 

removed h m  the tube and disarcW. Hence the tubes wiU contain 1 fold dilutions of the 
I 

given dmg. 



Iaae+ coiOIUCS fnm a givw subcrilbmd saah gown op on SDA phtes at 37OC 

fa2648bomrrmiepicktdatFwithancri lehapi idpl iadinuai~jrrwith~ 

wiaa. This iaocPIPm wu mwPrrd ~~y and adjusml to acbievt a 

tubidity equivalent 00 0.5 IbkFarhd stlLnrlnnt 100 pl frcmthis imculum wu suNy  

dilumit0 103ia40~iiannl~.l~~md100~anaie~nhdiis&ti~naad 

added to H pletes of SDA and s a a h e d  out accding to standard plathg proaim. 

Thesc plates wnc piaccd in die incubaoor u 3S°C fœ 48 hom d colonies wae counad 

at this timc. 50 pl wcie pipmd aOm the inocaium iPito the d e s  of tubes starhg with 

the lowcst concentmtion a d  continuhg to tbe highcst. A gn>wth cmtrol coasisting of 1 

ml of N Y P  wa9 aiso inocdatcd with 50 pL At 3 houn incubation 17 pi f b n  these 

inocuiateû test tubW WCIC ~ ~ m o v c d  and placed in wlls of the Count 10 Acryli-Slides with 

grids (V-Tcch hc., Pornona, CA). 3 sectom of the 9 seztra grid wat examinecl unda the 

iight miaoscope. Yerist ab wae counted and caagoIized in tenas of blastoconidia, 

germ tube, and pseudohyphae molphology. Percentage of geam tube formaton from total 

ccil was caiculatcd fa each tub. Germ hbe inhibition concentt8tion (GTIC) was 

deterxnincù by the tube wibi the lowest co~nmtion of drug a exhibit no gemi tube 

focm8ti011, The test tubes w m  incubated at 3S°C for 48 hours. After 48 hours the tubes 

were exsmintd and a MIC was deteraiind as the tube with the lowest concentcation to 

exhibit no pwth.  



IV. RESULTS 

haing the otiidy, media was coa&rd to be opaque when cloudiness was 

obsemd wtiile medii wu considercd to be fiocculated when p8Ricrilatc mam was 

obmed. Wbta the H x MIC LY303366 and contml fiasks smc inOCU18ted widi C. 

ulbicm strains 90028, Y41, Y58, Y180 the culms were observed to be opaque. A f k  

24 hours the growth c011troIs wae still opaque. nie LY3û3366 test cultures were opaque 

as weli as fiocc- nDt same was o b m d  at 48 hours with somc fioccuiation in the 

conmls as -11. At the nent stage of expcrbnts the 1 x MIC LYW3366 and conml 

aasLs waie inoculaocd with C. tzibicuns h m  the M x MIC LY303366 and contcol flasks 

respectively. men fht imcukd ttie conml tlasL was slightly opaque, while the 1 x 

MIC LY3û3366 flark wasclear. 'Lac nasou fot this dinerience in appearanœ couid be rhat 

the H x MIC LY303366 useü to ~ocu&tc the 1 x MIC LY303366 fiasks, exhibited 

leas growth than the cotltrol fJiasks. A f k  24 hom the conaol fîasks were opaque, while 

the 1 x M C  LY303366 fiasks wae clcar with siight flocculatiim. lhnc was no changeci 

obsemd at 72 h m  cxcept strab 902û amml flask exhibited heavy fiocculation. When 

the strains were rei~~uîateci at 1 x MIC and control the same obsemations werie made at 

O, 24, and 72 houra In dw pscnce of LY30366 thae was cleady more flocculatioa in the 

9 0 2 8  or 41 strains thaa the 58 or 180 saaias. The mdts of viable celi wunts paformed 



couats indicami that 1 x 109 CFüî'mi was the inocuium added ü, the lpghi LY3m366 

SDA placss. Tbe LY303366 was incoiporaad into SDA whüe the SDA was in molten 

bu& fam. No inhibition of growth was observeci ai these platcs. Four possibilitiw fm tbis 

observation anit pzqmjak ZtSiStant agaaism had kea isolaced; the high inoculmn 

overciime the inhibition d drus the method used to aâd LY303366 to SDA inactivami 

the dmg; LY303366 was inhcmntly inactivami on SDA To test for the possibility of 

resistant agaaiSm king isolated susceptibility oestiag was performed on yeast fnw the 

LY303366 plates aPd no chang't in MIC âom Onginal strain was observed. To test foi the 

possibüity that the high inocuium ova~ame the inhibition of LY3O3366, viable WU counts 

were patcnmd ushg inocuiums a maaobth MIC levels: 0.5-2.5 x 10' CFü/ml on 
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SDA pluer with and witbwt ~ ~ 3 0 3 3 6 &  Afta 24 bain the SDA without LY3O3366 

& ~ a v i a b k c e i i ~ t o f 5 n ) C F U / f , i a t c .  -48 bomr tbe SDA widi 

LY303366 bd a viable œil ccnint of470 CFU'late. To test foo the poosibility that the 

LY3û3366 iacapaaoiolr methaî inactivateci the QP& rwimmce isoiation was aüempted 

using LW03366 ad&d m (be cooiips agur deach MMdual plate, and to the sdid 

sud&œ of raaba set of pluw. niae was no inhibition oforgrintrms secn with c i k  type 

of LY3û3366 iiraparied SDA whm iwK:ubtrA with 1.85 x 10' CNlmL Smalla 

iwculums wuc studicd as weil. A viable celi count of 600 CNlplate was demonstrated 

on SDA without LY3û3366 whüe on a SDA plate what  lp@d LY303366 had been 

added to the cooting agu, 390 colonies wae counted oa the plate. A viable ceii wunt of 

156 ~ @ a t c  was exhibitcd on SDA without LY303366 whüe on a SDA plate wbae 1 

p@ml LY303366 had been added a, the solid SurfaCC, 300 colonies were comted on the 

plate. In e r h  case the C. & i c m  on LY3û3366 SDA plate grew as smaller colonies than 

on SDA, but the n ~ d c o l o n i c s  mach was similsr* Fnmi aie plectding expaimsnts 

it wis cmcluded that LY303366 was inactivated by SDA regardless of the methai of 

LY303366 Lacorpmtiori a inocuium r i e .  Awthn  mcâia would need to be uscd to 

isolate LY303366 resistane C. crlbicans mutants. 

(1 ) Initiai experiments 

BHI without LY303366 or DMSO, BHI with 4% DMSO, and BHI with 40 pghd 

LY303366 wcrc iwcuiatcd withlOO pi of 10'. 16, and ld CFü/d of C. albicans saains 

Y41. Aftn 48 hours the BHL without LY303366 or DMSO had yeast growth thughout 



the plrrec. The BHT with 4% DMSO plats exhibited lers yesa giowth than the BHI 

p~,butthsrt~rrül~WththmPgbOuttbepIates.ThtBHLwiui40pgW 

LY3û3366 hd iw, ycast observai on any plate, howtvct thcm wcit bactmal a m ~ m  

gmwing on then p b .  The same obsc~atiotls w m  madc at 48 homs when 1ûûû pi and 

100 pi d 1 x l@ CFUlbsl Y41 w a e  uPed to i n e t c  20 pgld LY303366 BHI plates. 

Then 1000pî1iad100pîd8~ l$CFü/ml~41 wae~sedt0i~o~uiafe40,2û, 10,5,2, 

1 pghd dLY303366 BHI phes. Afm 48 bous no ytast coionics urne obscrved on any 

of the plates. Tkrc was a numbcr of b;i*aial contaminate colonies on these piates. Thue 

werc no colonim &MY khd obsemd the 1 p- LY303366 BE3I hodaocd wûh 

either 1 0  pi or 100 pi of 8 x 1106 mm Howcvcr, a€ter 6 days of incubation at 3S°C 2 

or 3 smali colaries wac observed on both plates. u t  miawcopy of ceb &om thse 

coIOIUts revealed ycast-like maphology. Colonies wene subcultud nOm thest plates to 

BHi, SDA, and lpghnl %Hi piates. Susccptibility testhg was pediaRIIbd iuiliPng colonies 

nOm tbc original plates and nibcuim fbm SDA, BHI anci 1 pg/bi LY3û3366 BHI 

plates. No change in maclodilution MIC fbm parcnt strain was obsaved. It was f m d  to 

be mae difficult a, iesch die stan- inoculum size d g  cuitmes fiom LY303366 

secdod plrtes. When the MIC tubes wcrr kft at 3S°C for an extra 24 h m  no change in 

growth was obscmd Then was one exception 00 this; on one susceptibüity test 

pdmœd ai coIonics fioxn the originai 1 pg/mi LY303366 plate after 72 hom a trailing 

effcct was observeci. At the 0.08 p g l l  tube that was a clear nduction in growth, 

howeva saae growth was sccn in the tubes up to and including 1.28 28- Whm 100 pl 

h m  the 1.28 pglml tube was plated on a 1 ~g/d LY303366 BHT plate yeast colonies 



(2) Further development 

Mutant scloction was anernpadagain by plating Io00 pi and 100 pl of 4 x 10' 

Whni Y41 oato BHI plates with 40,2û, 10.5.2.1 p@bi LY303366. nie plates with a 

1000 pl inoculum containcd a haze which made it difkult to obsem individual colonies. 

These p h  w a c  incubateci for 96 hours at 3S°C The plates with a 100 pl hoculums 

w m  ePriet o obscmt. Afbr 24 hours the platcs wexe observed fa colony griowth (see 

Table 3). 

Table 3: Obswvatim of mutant isdation on LY3îD366 BHI phtes for 24 boum at 

3S0C. 

1 cobay 

Afbx 8 days S 5 d white co1onies per plate wexe observed on the 40,2û.10. 5 

p@d LY303366 BHI p k s .  Light micioscopy of ceiis fiom tbese colonies revealed 

yeast-lüre morphology. A colony h m  the 20 pgml plate was qeatedly subcuitured on 

BHI plates with 1 p m  LY303366. The colonies deriveci drom these plates seenred to 

10 

zkar 

5 

matam.. 

2 

1 colony 

1 

4 (cocci) 
~ O I i i C S  

. 
mttbariOI HI colltml 
conml 
pardal 



Table 4: MIC muib fmm initiai C. Olwcans and aibdtures gowa on LY303366 

'Ibe results of these tests &monstrateci no change in MIC ficm the panot saain 

when the 8096 eidpomt was useû. Thae wu some increase in MIC when the 1ûûk 

endpoint w u  usai, but in cach case the 80% rrsding showed no inncesc in MIC. This 

wouid coanmi that a wiling effbct was dnmnsUated by tbis strain against LY303366. 

Howevcr om goPl w u  isolatc markdiy resistant mutants therefobe fûxther studies wen  

not PafQcmcd on ibis strain. 
f "* 

3 Resistant mutant isolation 

The C. albicw s m h  bat was isolatcd fmm che 10 p Jml LY303366 BHI plate 

was repeamüy subcultured on 1 pgbi LY3û3366 and 20 p@hî cipfloxacin BHI plates 

(to pnvent conamimion). Afbr 5 passages on such mdia susceptibiiity testing was 

p e r f '  oa tbis oigaaism 'Lbe MIC dLY303366 on this strain was >158 pghd when 

deteRnUICd by lm inhibition, and 1.28 p&nl whm &termineci by 80% inhibition. F h n  



Colonies gowhg on various medi. were resaahd to the3 same respective 

media and suscepibility tests w a e  paioimcd again. One ncw strain testcd was taken from 

C. albicolts colonies pwing on lpg/mi LY303366 and 5 pgbi cipmfioxacin BHI 

(BCLY) aad streakcd out on SDA (S 1). 'Iht rcsults were siniilar to previous experiments 

with th parent (CON). and s W  gmwn on SDA (S 1) demonstrating low &stance a> 



susceptibiîity festing was pcrfamed Ooe ncw snain ~ t c d  was Ealan h m  a colony 

growing on BHI and wibcuîturied a SDA (SZ). This tirne the resuits showed that even the 

C. albicaru growing on SDA (S2) was rwistant to LY303366 (see Table 7). For the f h t  

tim C. altriCaas COIonks growing on SDA without antibiatics demonstrated LY303366 

Table 'l: SusceptibWty teshg nsulls of C. alb&mrs fmm various media. 

W sûains wac cuitured f b m  tbeir respective media ont0 SDA without 

antibiotic. SDA without LY3û3366 or cipmfloxach wap usai fo culture a l i  C. ulbiccurr 

strains for aJl substquent expaimcnts. T6c stcains isoiated on a variety of media and 

subs~~ucntly mainiairicd on SDA QWCZC labelcd as indicateû on Table 8. Y41LYRf mistant 

mutant a d  die subcuiturt this plna w a e  smckcd in skim mi& at -80°C 

Tabk 8: Lakls for rtnlas hdated f&m various media. 



'Lbe agsnimrr which nRt exhibiaddstaucc to LY303366 when giown on SDA 

(Y4iLYRQ demonstrateci a aramient mistana phcnotypt. Taôk 9 shows that the MICs 

to LY303366 namied to parent strain leveis (0.04 p@) with cmtinuous susceptibility 

tes~gofthestrain.WbenstrainY4ILYRf mkenfmaiskimmilkstockandcultured 

on SDA oie rpsccptibility test yitW a MIC of 0.04 p&d. nit parent Y41 and 

Y4lLYRf wbich had r c v d  back to th. parent MIC weric platecl onto BHL with 1 pgimi 

LY303366-The parent Y41 did not p w  on the LY303366 B a  whüt the Y4iLYf did 

grow on these plates. Wben swaptibility testing was @Ocmedon this cul= it 

erhibited MICs to LY3û3366 of 0.32-Oe64 p#hL 

Afta the traasient rrsSIltaacc was obscrved in Y 4 1 L Y R f  susccptibilities of the otha 

s~bcultunts (y4um+) w a ~  er~lmincd AU soaias W a  ~peaocdly pa~std  on SDA 

plates anâ susceptibility testing rn LY303366 was performed. Therie was obsemd in 

saains Y41LYRa-e variable stability in kir susceptibility to LY303366. Table 10 shows 

the MIC of these s m i m  over 10 passages on SDA. Within 3 passages, 2 of the stratins 

(Y41LYRcLe) d e m o n s ~  MICs widiin one tube of the wiîd-type s a  (0-04 pghd). 3 



ocha amius (Y4lLYRa-c) continucd to yicid MICs 060.64-10 pg/ini to LY303366. nie 

~ m ~ p P s s d c m S D A f a r a t o t P l o f l 9  t M e s  withnochangenrni~uiedts. 

Figtue9displPys ingnphicfoamtbeSEBbilityofrwLmnctobscKdin3 straiasandthe 

naÿn to puent strain MIQ in 2 stfBiiLS. Afta 13 pasiogs the colonies fiomY41LYRa-e 

wcre stockcd in skïm d i k  at -WC Mm 9 days the stable mutants Y4LLYRa-c wen 

taken fmm the skh  miik nodc'iind su- fbrea timer on SDA. Siisctptibility acsting 

was paf- on these smiDs and rcsuits sâowcd a stabk MIC to LY303366 of 21.24 

~%inL 



Figure 9: Gropùic dispiay of the MICo Uylm) resuits fmm the serial passage of 

YOILYRa* 

Cm Su+cey,tIbility testing 

susc~ptibiiity tcsting showcd a, change in MIC betwœn Y41 and Y4lLYRf fm 

Table 11: MIC UyW) resuits for dupiicate susaptibility teshg of diaicil 

aniihugais ipinst Y41 and Y4LLYRf. 



Table U: MIC UJml) CQSUJts for d in icd  antifmgaïs .iprnat Y41 and Y41LYRa. 

1, Y41LYRf 
Time p w t h  cuves nvcalcd no Mcrtnœ in grwh between Y41 and Y4LLYRf 

straias (sec Fi- 10). Both smins hid inucuîums of 1x106 CFülinl and by 12 h m  had 

rcached 8 plateau of ~1x10' CFUM. The M C  for tbe Y41 eid Y41LYf was 0.02 and 

2. Y41LYRa 
The gmwth cums of both agrinicms were siriiilar in naturc (see Fi- 11). 

There wen: mina diffmnces seen between the two strrins. Howevet there were no major 

ciifferences observed in the ovedi gmwth pattern anâ rate of Y41 and Y41LYRa. 





Viable ceii cwnts werr at O. 2.4.6. û, U. 24 hoursœ C F W ~  PI- 

thne in hotus, 
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Figure U Gmwth ~ c u ~ e s  dC. c i . u k l c ~ 1 ~  Y41 anà Y4ïLYRa: 

Viabie aii oaino wcm paf- at O,& 4,6,12,24 bo9n. CFll/ml was ploned over 

timtinhotas. 



produccd appmxhtcly the same nsuits. At 6 hours th- was a K1 log reâuction in 

growth and a H-1% log duction by 24 hom. For Y41LYRfe concenmtions 0.4 

pg/ml, 1 and 10 pghd resulted in s i m h  kill-curvcs a Y41. There was a 14% log 

raduction in p w t h  a~ 6 boms and by 24 homs a 1-2 log rcduction (Figure 12). However 

at the concentration of 0.04 pghd LY303366 Y 4 1 L Y R f e  a unique kili c m  

p a m  ID this carc thcm was a H-1 log rrduction at 6 hours, however by 24 hours there 

was ~ p w t h  back to tbé a i g i ~ I  imcoliini'(see Figures 13.14). This was espacially 

surprising cmeidcring the low MICs this suain &mMlStZBtbd at this point. 

2. Y4ltYRor 
nit tllip-kiü cwes  of the paem Y41 wem siniilat to what was seen in 

txpttimtnts widi odia susccptib1e C. olbiciuu strains. At 1X and 10X MK: most killiag 

oocurmi in the fïtst 6 harrs, aad by 24 h m  approximatdy 1 log of kili was achieveû. 

The MIC ofLY303366 against Y41 was 0.04 pglml. The MIC of LY303366 against 

Y41LYR was 1.28 pglhL KiU c w e s  were conductedagainst Y4îLYR at 1 and 10 pgbd 

(1 and 10X MC) with rtsuits simiiar to the partnt s a a i n  (see Figures 15,17). Most kill 

was obsmed in the h t  6 hom with approximately 1 log of kill achievd at 24. 



LY3û3366 demonstraacd a nmdœc &pe&nt Hihg effect against Y41 and Y4iLYRa 

Kill-cu~ts wen aiso pdoamed agabut Y4lLYRa at O*û4 Cighnl LY303366 (1/32XMIC). 

No Lültig was obraved u tbis -11-n with the growth stightiy bs than the conm1 

c w e  (sec Figurrs 15,lQ. 





Viabk cclî amnts WCIC pafamed it O. 1,2,3,4,5,6,12 and 24 ho= a d  C W n l  

plotad ove time in h. 













Figure 15: RPI aimes at 001,0.4,( 1 , l O  IJml) LY3û3366 agakt C. rJblcam Y41 

and Y4îLYRa: 

Viable aii counts mie ~ O z m c d  at O, 1,2,3,4,5,6, 12, and 2A hwrs and CrmIhil was 

pIottcdovertlliieiahoYrs. "htopraphdcpicts tbeki i lcmvesof0 .û4d0.4~~ 

LY3û3366 agahtY41. nie bottom graph depicts the kiU cwes d 0.04.0.4.1.10 pgbî 

LY303366 agajnst Y4îLYRa. 







Ume (houm) 
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Pigure 17: KPI avva rt 1 and 10 lJml LY3û3366 agahm8 C. ciloiconr Y4lLYRa. 



Both Y41 and Y41RLYa exhibiteci a PAFE to LY303366 at MIC wncen~ns- 

n i e ~ t b a t t u d ~ e ~ t o Q p g , c o i i s i s t s n ~ y ~ ~ t i m c m g i o w b y  

one log than tbe concrol organim (sec Figmes 19.20)-The Tcat #2 Y41LYRa p w t h  

controlgcwbyjustunda 1 bgin6boPnandpîatcaUtd,'Ibetimeto 1 logfathe 

p w t h  contm1 was considerrd to be 6 hwn, The PAFE of LY303366 on Y41 and 

Y41RLYa was sim;iar (see Table 13). 

Table l3:PAFE results ob C. &dns  Y41 and Y4îLYRa. 

Y41 PAFE 
YQILYR PAFE 

S q i e  caiculatiom: PAPE.. T(lIog)-C(iog); T(log)o36û min + (15x10' cfu-2.4~10' 

cfu~(4.6~10' cfu-2.4~10' du) x 120 min=395 min; allog )= 300 min + (1.8~10'- 

~ . ~ x ~ ~ ' / J . o x I u Q . ~ x ~ ~ )  x 60 nrin=3~ minutes.; P-395 min-324 min=7 i min. 

Y41LYRa in saiiiie solution utilizing light niiclloscopy. Both had the classral oval 

blastoconiciia appcantMx in this solution (sœ Figure 21). 

TEST#l 
71 min 
83 & 

TEsTn 
104 nPn 
47 xnin 

AVRkSD 
87.5 * 23.33 I 

65 +25.46 



Tht mdts of the MIC msaepribility asting paiarmad using the ptocol 

described in the gum tube inhibition section of Mamials and Uttbods cœxelafed with 

nsuîts obtsiaed ushg the N C a S  ~ i t b n c c  standard. A f k  48 houn the LY303366 

MICs obsmd for Y41 and Y41LYRa wat 0.M vg/inî and 128 pg/hi nspcctivcly. 

Ogm tubes wene pIoduced in the contcol bmth and bmth with low conœntcatiom of 

LY303366. Houever inhibition of gam tube f-on was seen as die concentration of 

cimg inawd (sec Figm 22). Tkre  was a fixed ratio observed between the GTK and 

MIC in bah $trains. In all thrce sets of experiment the GTIC of LY3O3366 was VS x 

MIC Bath the -nt and mutant stcain exhibited thir cfffect (see Table 14). 

Table 14: Cornparhm of MIC and GTïC of C. cJMconsY41 and Y4UYRa. 





Figure Uk Fœt-Antifungai Effkct at 0.W rJinl LY3ôr3366 for C. orofcans Y41: 

After two hours ofincubation at 3S°C both control and test bmth were centrifuged at 

4000 rpm fa 10 minutes anâ dilution 1:1000 to remove di drug fkom culhnes. Viable ceiï 

couatrmrepaiamcdatOmd2houn~dmg~xposurie,iad0~4,5~6,8 hoursafta 

dnig mmval.  
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F i  t9: P o s t ~ A n ~  Efkt at 0.W (Jml LY3û3366 for C. albecmu Y4lLYRa: 

Aher two heurs ofincubptiw at 3S°C both coatrol and test brah were cmtrifoged et 

4000rplnfor 10minp0esrnddilutiaa 1:1000torcmwaalLdmg~culmrw*Viabbcell 

countweitperfOIIllCdatOud2 hours s f t a d n i g e ~ a n d O . 4 . 5 . 6 . 8  homafta 

wg- 





Figure tO: LIght ndcmmpe photogropby of Y4l and Y4îLYRa in SDOlK dut/m: 

The top pWgnph d e p h  parwt s u a h  Y41 C. olbicwzs =Ils in saline solution. nie 

bonom pbotograph &picts mutant s a i i n  Y4LLYR C. dbcMc ab in saliiie soIution. 





Figure 21: Light micro8cope phdography of germ âik formation in Y41 and 

y4lL- 

nie top pbotogmph shows gam tube fciamsition in parent C. albic~lcs stain Y41 ahcr 3 

ttom at 3S°C in NYP. The bottom phot~graph shows gcnn tube foImaton in C. aloIc41tr 

stain Y4ILYRa afoer 3 hom at 35OC in NYP. 





Fîgwre 22: Genn tube inhibition assays ofLY3û3366 agaha Y41 and Y4îLYRa.. 

A f k  3 boiin of incubation at 3S°C in NYP 15 pL nmicach tube was exrtmiatd thnough 

the crc~~beck grid 10 rlide ushg 1OX powa Qht micmmp. 'Ibe number of- tubes. 

paudohyphrae, and biasfo~oniciia wa mwsiÿed on 3 grids. These gnphs àisplay the of 

gam mkr  famcd as a percemage d tbe taai number of aïi countcd fm tach NYP bmth 

tube. 



V. DISCUSSION 

to cambu diesc inkths. The gold standard for many h g a i  infections: amphotericin B. 

is d y  available in inaavcnous fmn and ïs a s d t e d  with a high level of toxicity. The 

atolcs a fiutgistatic ia naturc and fungai &tance to ditse agents i s  an emcrging 

pmblem. Tberc is a clear aeed for mvel infihingd agents RI bc developed 

Echinaxndh are a ncw clrus of agents that inhibit the d Wall synthesis of fiingai ceIlS. 

" LY303366 is an cchin- antifungai that is king developed for clinid use. "' 
Resistsncc a, antifungai agents is a serious prob1tm as aen with the amles and 5- 

flucytodœ. 4732 "ïtercforc it b important to invcstigace potentiai resistana to LY303366 

at an d y  stage of its dcvebpment anâ use 

B. Cmtion of LY-66 realstant mutants is 
achlevabk 

Th- is limitPn materhi tbat examines echinocanûin &stance in C. aibicorcs or 

even Saccharomyces cetevrSiae. Of die work that has been p e r f d  much of it has 

employed the use d mutagens to indue &tance. m~11w14~11S~116 This decreases the 

LiLeiihood that thesc mutations would be observed in clinid isolates. Few studies have 

been publishtd involving the ewantination of spontaneous cchinocandin resistant mutants. 





cxposing lrgc inoculums of C. d b i c w  to high co~lcclltlgtions dLY303366 in vitro for 

plongcdpaiods of t h e  wodd select faLY3û3366 raistant C. &km ummts. The 

fint raanp at mutant isoiaticm uàliÿed RPMI-1640 as the udia  s coiduct the 

expaimcnts. Tiiiadity in LY306366 medir wouid indicatc the growth of y#st in the 

prestnce afLY3(n366. 'Ihir wauid hûicatc tbitlasiffsnt matant sciecrion hadoccPacd 

This wrirmtobeavdduiingmeSee~m.Whentheviab~ceUcwnrwss 

demriiincd uicre wae litrle to no alls in the LY303366 media ït is unclear as to wby no 

resistanœ wu isolpod using RPMI-1640. Tbis may be due CO the iaability to isoîate 

individual cobnics fbm wuid media. Also the duration of expom to LY303366 may 

have not k n  long emugh for nesistana to be isolatcd 

nie second ~ttempt at mutant isolation ui*ECII SDA as the selection Mdi& NO 

inhibidon dC.  albicm was obscmd usingLY303366 with this media An interaction 

betwccn the SDA anâ LY303366 s e e d  to inactivate the dnxg on the plate. It is not clear 

at this th whot factor causcd this inactivation but one possibility i s  the pH of the media. 

SDA has a pH of 5.6 f 0.2. It has k e n  show that pH is a fa*or in the susceptibiiity of C. 

aibicanr towanis cildimgin, anothet d o g  of cchinocandin B. " As much as a 64 foid 

inamse in inhibitory ~ n t r a t i o n s  bac ken observed as pH d a m a d  from 7.4 to 3.0. 

Thercfare the 10- pH of the SDA media c d d  be a factor in the inactivity of the 

LY3û3366 in this media 

'Ibe next rida ufilized was BHI which has a pH of 7.0. LY303366 in this media 

did inhibit C. ulbicol~s p w t h  almost cniirely. Afbr 8 days at 3S°C 5 5 small colonies 

were observed growing on BHI plates with LY303366. The swiving colonies wen 



smalla in sizc than tk puent s m i n  sugecsting that the mutants wae not compleftIy 

CCSiStantto LY3û3366. Coionics nOmtbeatplafes wue oubcuîtumiandoruaptibiîity 

tests wue p a f d  Howtvcr somt subcuiairies did wt exhibit any change in MIC to 

LY3û3366. It i s  aot c l w  why colooics growing on BHI wit& 1 p@ LY3û3366 yielded 

MES of0.04 pgbL 'Ihe aflswer may hy in the crailuig e f b t  demonstraaed in tbsse 

isolates. A smaiï qmtity ofaguiism was able to s p M V t  in the presenœ of LY but 

o v d  LY inhibition of the organhm did mt change. Oihascsmchets have obmed this 

phenornenon with echaandins in œ&n media '" Oae s u b c u i ~  did exhibit a 32 fold 

increere in LY XI3366 MIC (1.24 pgimi fkom 0.04 p-). It is not clear wbaher this 

msistmœ was parcnt in the fht colollics !hm the seicction ploce because the 

susœptibiIity testhg wu nat peCrbmd on these cobnies untii thcy had becn passed on 

LY303366 1 pg/mi plafts 5 t i m s .  The reason why the test was n a  PafOrmbd carlier was 

becausc tbe cdony size was very s u d  and it appcand that there were not enough ceiis to 

fam an inoculum As the cobniu wen  s u b c u l d  qeatd ly  tbty appead less 

inhibitcd by LY3û3366 as indicated by the colony sizc. Tliis would suggest that the 

ongoing txpos\lrt to LY303366 was andciing the response of the ycest to the antifungai. 

Fmm one BHï plate with LYU13366.6 colonies w a c  suûcdtuFed that demastrateci 

nsiscaire wbco grown on SDA plates in the absence of LY3O3366 (Y4lLYRa-f). Tbis 

was the first documentation of the stlection of LY303366 msistant C. olbiccurr mutants. 

These rssults vaüdate o u  hypothesis that with a large number of C. albicans otganisms 

exposeû to a high concentration of LY3O3366 over a prolonged @od of tirne that 

selection for rwistance organisms wouid be achievable. Thene &rc a number of ciifferences 

between the expaimtnts isolating the ahinocandin resistant C. albicans mutant via G 



733.560 and tbe pmcnt ~Ilperiments. '" The medi. uscd f a  theh isolation was yeast- 

e x t r a c t - p c p t o ~ & ~  with 100 ~afadcnintmdpridii ieinsteadof BBIhour 

saidy.2r~Cofthc~binoeiadfowuPrdurtbe~trati~llinthtmedi.wbaeaJ 

betmeo25xudlOOQrMICwuundiaomloudy.Thirptitesmrr~bu#luWC 

for2dap w h a e u o r ~ p k a w r m c i a c i i ~ f ~ 8 d a y r . t 3 7 ~ C I n e ~ i n t m i t  

t~~uuedfaincubation miy be a fpncàoooftk higbacowenuations ofecbinocandïn 

that wen utüized in OPI isolation e x p h n t s .  They f m d  the mutation fiequency to be 

0.1 to 1 x 10 " du which was consistent with aa d t s  of 1 x 1 0 ~  colonies of 

spontuieais mutations. SusctptibiIity testhg @Ormcd by this group was not tbe NCUS 

proposai star&& but a similaD cest utüizing yeast nitmgen base. With thip mcthod tbcy 

ascertaincd a 1Wfold hzcasc in MIC a, L-733360 bctween the mutant and parent stains 

in compison to the 32 fold change in M C  seen in opr mutant strain. '" In smmiiary it is 
possible a, isoiate C. &iCm LY303366 mistant mutants in the laboratory, however it is 

a Mcult task to achieve. 

C. LYd03366 maisfant mutant stabiIi@ is variable 
Fiiom one BHI plate d t h  1p&d LY3O3366,6 subcdnpes wem isolated that 

demoaJmted ricsismœ whw grown on SDA plates in the absena of LY303366. Of 

these 6 cultures, 3 m i n t a h i  thcir reduccd susceptibility ovcr 20 passages (Y4îLYRa-c). 

while the 0 t h  3 zcverted back PD k i r  origiaal susceptibility (Y41LYRd-f). Clearly there 

was a mined cdairc cm the LY303366 BHI plate fiom which iwistance was detececi 

originslly. (3ae type dcultuic had transient nsistance which matcd to wildtype 

scnsitivity when paJsed m SDA plates without LY303366 mae than 2 times. However 



phenotypt shatiy sttcr king p w n  in die absence of LY3O3366. This would suggtst bat 

the mecbanism afnsistanœ in tbue ornias is a =@tory change that is ioduceû in the 

~ s t i r c  ofLY3û3366. ~ Q C  such chan6 WOU possibly be an iaaeasc in the expression 

of the targct enzya~~  1.3-bglucan synthase enzyme. Tbe 0 t h  set  of mutants Y4îLYRa-c 

demonstrated a molt stabk msismœ pattern. Aftcr 2û passages on SDA media these 

organilwnn continuai to &mon&atc aMIC m LY303366 of 1.24 pgbL 'Ibis wouid 

sug- that the mechanhm dresisma in these srnias wouid be of a more stable 

genotypic naaire than tb transitnt -t mutaba. <)ne potcntid SU& m d d s m  cwld 

be a change in die 1,3-~@& rynthace gent that maLics the LY303366 targct site less 

susceptibh to the dmi  1n cuomiary nsistaDt mutants to LY303366 demonstrate variable 

stability in mPintai&g thcir phmatype. 

mutMt Y41LYRt 
MIC susceptibility festing &monstrateû no change between wildtyp and mutant 

in MiCs to amphotcricin B. fîuconamle. 5-flucytosiae, and k e t o c o ~ l e .  The MXC to 

LY303366 diamg these tests was decrrasing but stiil higher than the parent MIC. Gvui 

the divergent mechaniam of action of tksc antifuagal agents their lack of cross resistance 



was ~tsPiprUing~'Ibcgr~wthcontmlcpneriadiaiedvuysiniilerpwth~ theparent 

s t r h  This waiL1 indica~t t h  an inc~tlist œ d#rure in growth rate k aot imrolvcd as a 

mechaninmd~~afdierriiiisiciitmsin.nitrc8uIt~attbetima~t~nup 

s ~ p p o n  the hypabis  of an inducible miamcc parnem. The LY303366 MIC of 

Y 4 1 L Y R f b i m c d t b t L i u - c l ~ ~ t e ~ n e s  bd~it~tothewiMtypelcvclof 

0.04 Iiglhil T k  0.04 pghd LYS03366 kill c p m  fa Y 4 î L Y R f  a 54-1 log ion by 

6 houn but ~itgmwth at 12 and 24 hamJ (sec Figures 14.15). This would suggest that in 

rcsponsc to the pnesence of LY303366 a repuiat~y change occrÿs that conteR LY303366 

rcsistrrnrrr. ta bis mutant; Ihi8  is consistek with the iwult dY4îLYRfs ability to grow 

on 1p@nl LY303366 BHI rfta its MIC has rctraned to 0.04 wglhil LY303366. Given 

that out sady was d k t d  at idatiag a stable mutant no fiahct wodr was &ne on the 

W e n t  mutants. In ounm3ary transient mistant mutants demonstrated no change in 

antifungai susccpbibility proEle, or gmwtb paaera Afm it bad mverted to the sensitive 

phenotype, the mutant did &monstrate a change in regard o phamiacodynamic activity of 

LY303366 at 1 x MIC.. 

E. Ev8luation of stable LY- mistant mutant 
Y41LrRà -a .. , 

This sable mutant demonstrahcd no significant differitnce in M C  with the parent 

k e t o c 0 ~ 1 c .  This was expected given tbDt the 0 t h  agents mget either the celi 

membrane (AMB. FLU. KETO) or nucleic acids (5-FC) whiie LY303366 targets the di 

wall. Tbtsc rcsuits derm~strate that no aoss rcsistanct to ocha wmmon classes of agents 

is obsemd in echinocandin mistance. This has positive implications for the clhical 



agents. This d t  ii consbat with the work on tbe pee--IitSiStBiIIt C. uIbic(ucs 

mutant wbich wu riCiOiEtllllt to uaiawh. ccbinocandin B. ami paeumaridiii. but not m 

mdcbanissn ofr#btiaa is  specinc iatba than gential. A general mxhmism such as a 

dearssinthtpaiiieibPUty~admcmbcIult,œoae~~]tppmpcorildafft~tàic 

siisccptibiiity of m w k  classes of agents- Ebwtvct a mutation in die ecbinocandin targct 

site would be a ~~CCSC change that WW confer resistena to oniy cchin0~8~1din agents. 

This wauld be amsistent with o t h c r ~ h e t s  naduigs. entymatEc studits on the giucan 

~ynthrre tnzym d pneutuocandin iesistaat C. dbkm showed that the isolated enzyme 

was cesistant to bis inhiaitory effm of the f c b i n d  '17 Also in Socchmomyces 

cerevisiàe ~IIC- resistam mutant twts wene performed that niled out ceii surface 

hydmphobicity change o~ degradation of the pneumocandin -nt as the mechanism of 

reshancc. In a hlRhQ study the msistana mutations wen: faMd to be in the gene 

encodiag the 1.3-&gliraa syirthase cnzymt. " 
The the-kill d t s  were sirnilar to other results seen with LY303366 and C. 

aibicuns. Bo& the mutant and parent exûibiced a 1 log wn-dose dependent kiiî at lx, and 

1OX thei rerpcctivcly Lm3366 MIC Both the mutant and the parent exhibited the s a m t  

rate anci extent of lüling of C. ubicuns in this kill curve modcL nie mutation in 

Y41LYRa did not afféct the pharmaoodynrmic profile of LY303366 at 1X anci 10 X MIC. 

This is plso the cape in regard to the postantifimgai ecffsct ofLY303366 at 1 X MIC. 

LY303366 exhibited a e&ct of a littit more than an 1 hout in both s a s  

at 1X MC. The P H  was siightly rrduced in Y41LYRa. However the 



phamadynamic pmbile dY4iLYRa ~0 .04  pgbd LY303366 (ÿ32 x MC!) exhibitcd 

no rcdpcoiai in p w t h  but ntha an laciCrce in growth siightly below the growth ammL 

niese rcrPlts waildcdbm the &rance &momaraed h 89sctptibiîity testing. The Lin 

c w e  t-nr highligb the ~ ~ l l c t  in the stable and mistant mutants. At 0.04 

pgbd LY303366 tbc stable mutant showeû mim'mii d u d m  ia growbi, while the 

transient mutant showcd initiai LCduction in CFClltnl with repwth ocamhg a f k  6 hours 

exposULt. Tbis wouid cocifirm the hypothesis of Y 4 l L Y R f  an Mucible 

resistl~iru!, with Y41LYRa posscssing a mat stable iwinance with reâuced susceptibüiry 

to LY3û3366. Ibe p w t h  of tk mutant and parent anain is similar in nana.  

. . Exmnnuuia of tbe moiphology of both the prirent and mutant strain revealed no 

observable différence betwccn tbe two swins. This woulâ indicaîe that the changes in the 

mutant rrc iia of a aaairr as to change the uitrashnicnae of the a U  as obscmd by iight 

microsc~py. 'Ibe o v d  p w t h  and ~ b o l o e y  of the mmant œii is eot changed 6ran 

the p-nt straia This is consistent witb the results found in the pncumocaadin rcsistiuit 

mutant, Il7 Tbc îack d diffèrena in gemi tube fOBm8ti0n is an initial indication that the 

mutant k no k viniknt Iha the parcnti Thio can be nim9sed becanse hyphal formation 

is a putetive vinilcnce hcmr d C. CJbic~lls. This msuit is cmsistcnt with the murine 

viruienœ sadies of the pncumcandin Litsistant mutant which demotlsrnted no différence 

in viruiencc betwcen tb pannt and mutant strains. "' The gmn tube inbibitory activity of 

LY303366 is consistent in both parent ind mutant s w i n .  At LY coacentrations of ln x 

M C  gam tube inhibition was observed in both suauis. Both the MIC and GTIC an 32 

foid hi* in the mutant suain than the pamnt strain far LY. Theriefore the GTIC tests 

confimis thc results obsawd diiriag susccptibility testing. It is of interest to note that LY 



'Lbsie a niimber of arcas of furtticr study which could be conducted on tht 

LY303366 mistant mutants. F i y ,  the gcncs which amtain the rcsistance mutation 

couid be cbaed and seqwnced to determine the exact nature of the mutation. The 

wildtype guie wheii: the cchinocandiu &tance mutation o c c d  in Smcharomyces 

cerevkk was c l d  and sequcnced in a number of studies. " However the C. ulbicans 

echinoclodlli nsistana gene has not ban cloned a sequenaxi at this point in large part 

due to the i n d  complexity of the C. aibicuns genom. Sccoadly, studies could be 

pertonned on the activity of LY3O3366 on the glucan synthase enzyme of both the parent 

and mutant seiins. Wbw this was done with the glucan synthase enzyme h m  the 



comapaadmthe 100fdd~htheMICofthsmiitiintmpacumocandiaButtbe 

mult did sbow tbit the muont's gluan synthase tnyme did exhibit &stance to 

prie- =y, the Illltifiirigal susccptibilility p d u t  could be widealedto &tamim 

the rtiviiy o f o k  agents to m c c - m t  mutant. These wuld include= 

clinicil agents (nyrmtin, imcmamic) or aba c d  wall active agents. One ana of 

particulahtaest in this ngard wauïd bs tbe chitin synthase inhibitors. The 

Succhoromyces cercvisioc dchinocandin reristant mutant exhibiteci a supemensitivity to 

nikkomycin Z '" This isault as w d  as studies repœting synergistic activity of 

echinocanûins anb nitlrrmycins wiggest thst diis aru of stuiy coiiM lead to clinicaîîy 

relevant dtvtbpments. M y ,  frinha urpcsiments empbyiag in vim 

pharmacodynamie and in vivo -1s to anaiyze the LYW3366 riesistant C. aIbicans 

mutant cauîd be paEOLIHtd In vitro modsliag that mimics the phammkhetics of 

LY303366 in the birmao body Couid be employed to observe its ecrivity against the mutant 

in this simatbu. Animais Animalromrlies a~uïd anaiyzt the vinrltnce and msœptibiiity of the 

mutant in vivo. Wbeo tbs pae- mistant mutant was tested in vivo it was found 

that the s m i n  was fdiy viruîent quiririg 10 fou the effwtive dose of LY3O3366 than the 

parent strain. '" This wai s i ~ c a n t i y  10- than the 100 fold Merience in MIC obsemed 

and would suggest a lack of cosrelation bctween  the^ in vitro and in vivo nesuits. In 

summay fituile work with LY303366 rwiJtriat C. olbicc~~s mutant couici be wnducteâ ia 

genetic, enzymatic, ia vitro, end in vivo areas of study. 



isolation of Inbaaiory deriveci LY303366 mistant mutants. The stabiîity of the mutant 

rtSiSmœ pknotype was variabk. Sarie ofthe mutants rcvcrtcü to the peieatal MIC a k  

a few passaps in the a b n œ  of LY. Olben maintaincd their mistant phcnotype over 20 

passages in tbc absencc dLY303366. Thc transient &tance mutant exhibitcd no change 

in antifungai susctptibility pmfk or in growth rate* It clid pcissess the ability ta regain a 

tneasurt OfregisEBace to LY303366 when grown in the ~ n c e  of LY3û3366. The stable 

resistanœ mutant exhibitcd no change in molphology. growth rate, antifungai 

susceptibility pmfile, a LY303366 pbmacodynSiII1ic profile. Fintbei saGdy oould be 

conductcd on the LY303366 &suint rnataat on a genetic. enzymtic, in vitro, aad in vivo 

ItwL 
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