Univerzita Karlova v Praze

Piirodovédecka fakulta

Studijni program: Biologie

Studijni obor: Botanika

Bc. Vit Hubka

Genyp-tubulinovych paralodyu roduAspergillus: taxonomicky vyznam a markery pouZzitelné

Vv jejich rozliSeni

[S-tubulin paralogs ispergillus: taxonomical importance and molecular tools for

distinguishing

Diplomova préce

Vedouci zagrecné prace: Mgr. Miroslav Kofé, PhD.

Praha, 2011



Prohlaseni:

ProhlaSuji, Ze jsem z&xecnou praci zpracoval/a samostata Ze jsem uvedl/a
vSechny pouzité inforndai zdroje a literaturu. Tato prace ani jeji podsiatast

nebyla gedloZena k ziskani jiného nebo stejného akademictteiu.

V Praze, 29.8.2011

Podpis



Podékovani

Rad bych pogkoval predevsim Skoliteli diplomové prace Mgr. Miroslavdlatikovi, PhD. za vSestrannou
podporu, vyborné napady a k" pristup v jejich realizaci. Zaroviesi velmi vazim prostoru a volnosti, kterou
jsem dostal v realizaci napadlastnich.

Dale bych rad patgkoval Mgr. Karlu PrasSilovi, CSc., ktery dlouhou dblvedl diplomovou i
predchéazejici bakaigkou praci. Cld bych pogkovat i RNDr. S. Pazoutové, CSc., vedouci Labdeato
genetiky, fyziologie a bioinzenyrstvi hub MBU AWR, ve které mi bylo umoZno vypracovat zr#ou éast
prace.

Za spolupraci ékuju RNDr. Aleré Kubatové, CSc., RNDr. AlénNovakové, CSc., Mgr. Tomasovi
Veétrovskému, viem lékam, zdravotnickym i nelékakym pracovistim (zmiovany dale), které mi poskytly
izolaty. Za pomoc s organigaimi vécmi bych rad pogkoval Mgr. Ondejovi Koukolovi, PhD.

Moc dgkuju RNDr. Milacé Chudikové za izolaci #tSiny DNA a pani Dagmar Pokorné za lyofilizaci
velkého mnozstvi kmein

Zvlastni dik pat moji rodirg, diky jejiz podpée a zaji&ni jsem se mohldnovat jen studiu a nemusel

resit existencialni otazky.

Podtkovani za podporu a moznost prezentace vysl@adkXIll. Mezinarodnim mykologickém kongresu (IUMS
2011) v Sapporu p#tnadaci Nadani Josefa, Marie a Zklg Hlavkovych.



ABSTRAKT

Gen prog-tubulin (benA) pati k nejvice vyuzivanym gém v taxonomii a identifikaci druhu roduAspergillus

i u ostatnich hub. N&f& druhy roduAspergillus se v genomech gen pbtubulin vyskytuje bd’ v podol&
jediného genublenA), nebo nize byt gitomen jest paralogni genubC. Jak bylo zji&no, oba paralogy byly
v taxonomii roduAspergillus opakovag pouZity v kombinovaném datasetu sgoke Tato prace charakterizuje
oba geny uady drutii Aspergillus, reviduje v sosiasnosti pouzivané primery pfbtubulin a gedklada nové
primery pro pouziti u roduAspergillus, které jsou vice specifické pro geémenA. Navic se snazfeSit
nepehlednou situaci kolem paralbgavrzenintady markei;, které vicesi méns specificky odliSi oba paralogy
- parametry hodnotici "codon usage", slozeni lka introri, sekvelni motivy. Sodasti prace je i rozsahla
studie molekularni diversity 349 izolatAspergillus (PCR-fingerprint, sekvenace - IT8enA, rpb2, caM)
pochazejicich Zeskych sbirek a klinického materialu mezi nimizdylalezeno celkem 82 drithNa jejim
zékladt bude navrzeno déwvnovych taxoid, které byly odhaleny i v ekonomicky velmi vyznamshysekcich
jako jsou sekceNigri, Fumigati nebo Aspergillus (Eurotium spp.). Rt druhi v sekci Aspergillus bude
synonymizovano s jiz popsanymi druhy. Studie moléini diverzity izolat z klinického materialu (n=200) je
unikatni jednak geograficky (nejsou podobné pradevopy), ale také svym zatifenim nejen na invazivni

aspergilézu.

ABSTRACT

A p-tubulin gene ljenA) is widely used in taxonomy and identification Adpergillus spp. and other Fungi.
Across Aspergillus spp. there is either ondehA) or two g-tubulin paralogs lenA and tubC). The risk of
contemporary use of sequences of paralogous geilesn@n-homologous function in the same phylogeneti
analysis is well known. It is evident that it hagippened repeatedly #spergillus sectionNigri. It is alarming
that conventional primers for amplification of partbenA sequence can specifically amplifiyoC paralog in
some species. In this work, both paralogs wereattarised in a set of species. Th&ubulin primers in use
were revised and new, mobenA specific primers were designed. Applicability ofve® markers such as base
composition, codon usage and length of intronsdfstinguishings-tubulin paralog$enA andtubC is tested. A
large study on molecular diversity of 349 isoladéAspergillus (PCR-fingerprint, sequence data - ITE&nA,
rpb2, caM) originating from Czech culture collections andnf clinical material is also included. 82 species
were identified, togetherwith nine tentative newatdelonging to sections with high economic impahligri,
Fumigati or Aspergillus (Eurotium spp.). Five species from Sectidwspergillus could be synonymised with
existing taxa. A study on molecular diversity ofnaal isolates (n=200) is innovative in sense bé t
geographical origin, Central Europe, where is réwaidle lack of similar reports. It also brings suppfor
presence of several rare, little known or new smeaqiecognized as mycotic agents. This is the first
comprehensive study providing reliable identifioatiof such large set of aspergilli from both suipé&f and

deep infections.
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PREDMLUVA

Na tomto mist bych chél priblizit nékteré pohnutky, které vedly k vytieni gredkladané préace.

Béhem c¢tyrletého studia nedermatofytickych vlaknitych hub lez@anych ziskanych spolupraci imdou
lékaiskych pracovisich ¢R byl rodAspergillus jednim z nejbzrgjSich pivodai onemocani, se kterym jsem se
setkaval. Z hlediska morfologické identifikace dwfil pati tento rod k nejobtizjSim acasto neni definitivni
identifikace mozna, zvlastu Klinickych izolafi, které porarné casto vykazuji itzné morfologické odchylky.
Moznost identifikovat druhy pomoci molekularnich totk v Laboratéi genetiky, fyziologie a bioinzenyrstvi
hub MBU AV CR proto byla vitanou moznosti. Bylo to nedlouhotpm, co byla osekvenovana velk&sina
typovych polozek druk Aspergillus, coz znané usnadiovalo determinaci pomoci sekvén&h dat a popis
ptipadnych novych drdh Navic rozsahlejSi molekularni studie na Klinidky&zolatech Aspergillus jsou
nepaetné (zadna neni z Evropy) a v podstatechny se dosud zabyvaly jen invazivni aspergiéz

Béhem pedchozi prace s izolatyspergillus byl béZzré pouzivanymi kombinacemi primemro B-
tubulin (benA) namnoZen u g&kterych druli fragment neznamého genu (M. Kika nepublikovano), ktery
vykazoval ponirné znanou divergenci od genu pgbtubulin (benA), ktery se pouziva v taxonomiififledani
podobnosti pomoci BLAST (http://blast.ncbi.nim.gibv/Blast.cgi) nebyla nalezenaddadna shoda, nebdip
uvolréni parametr vyhledavani byla nalezena jako nejpod@bndosti vzdalena taxa.

Jak se poziji ukdzalo diky datm z genomickych projektAspergillus (viz Tab 1.3), jednalo sg-
tubulinovy paralogtubC. DalSim hledanim bylo zji&bo, Ze jsme zdaleka nebyli prvnimi, komu se diky
nedostaténé specifié primeri povedlo tento gen amplifikovat. ékteré studie dokonce tento gen égems
pouzily i v taxonomickych analyzach (viz dale). @inostech rozpoznanichto dvou paralaiga o gipadnych
"Skodach", které byly napachany gdemym kombinovanim paralégs taxonomickych studiich, nebyly zadné
informace. Jedih Peterson (2008) vyslovil doréinku, Ze oba paralogy praggbdobré pdjdou rozpoznat podle
poctu introni.

Jako nové cile prace se tedy objevilo charakteéimowo nejdelSiho Useku derobou paralod
(taxonomické prace jsou zaloZeny jen na powh kratkém Useku genu) ndp co nejtSim spektrem druh
Aspergillus. K tomu vyborg poslouzily klinické izolaty acetné izolaty ulozené weskych sbhirkach.
Charakterizovani géns-tubulinovych paralog tedy poslouzilo hnedékolika cilim, a sice zrevidovani izofat
v ¢eskych sbirkach podle stasnych taxonomickych zm a preciznimu weni klinickych izolah z ¢eskych
pacient.

Genomické a navamplifikované sekvence obou paralggptom poslouzily jako néstroj pro navrzeni
primera specifickych pro jederi druhy paralog a igdevsim ke zdokonaleni s@msnych primer tak, aby
amplifikovaly jen taxonomicky vyznamny gen z dvejiparalog. Jednim z hlavnich dilprace bylo i nalezeni
molekularnich markér;, které by jednozrimé oba paralogy odliSily.

Predkladana prace ma tedyedhlavni¢asti. Molekularg-taxonomické&tast se zabyva diverzitou mezi
izolaty Aspergillus z ¢eskych pacierit a izolaty uchovavanymi ¥eskych sbirkach. Na jejim zakkadbude
navrzeno &kolik novych drulii. Druhacéast diplomové prace se zabyva zéniou problematiko-tubulinovych
paralog, predklddd no¥ navrzené primery a néastoje na Urovni DNA nebo ahkysekinové sekvence
pouzitelné pro odliSeni paralingV piiloze diplomové prace jsoufifmzeny ¢tyfi publikace tykajici se

problematiky nedermatofytickych viaknitych hub, ié&eznikly v pibéhu magisterského studia.



Shrnuti cili prace:

= Molekularnimi metodami zhodnotit diverzitu mezi liaty Aspergillus uloZzenymi véeskych sbirkach a
pochazejicich zeskych pacierit Odhalit gipadné nepopsané druhy.

= Zjistit rozsahlost problematiky-tubulinovych paralody u rodu Aspergillus. Jaké studie vyuzily pro
taxonomické tely nevdone nekolik paralodi sowasre? Jaké jsou taxonomickésledky?

= Na zaklad genomickych sekvenci navrhnout primery umgici amplifikaci co nejdelSiho Useku den
druhovym spektrem rodéispergillus.

» Nalézt spolehlivé molekularni markery k rozlisgrtubulinovych paralog (architektonika exon-intron,
délka introri, sekveiini motivy, charakteristiky pracujici se zastoupebami, "codon usage", apod.).

= Revidovat v soéasnosti pouzivané primery z hlediska hrozby anigide jiného genu nd#&nA u rodu
Aspergillus.

= VylepSit v sodasnosti pouzivané a navrhnout nové primery, ktgrésdiektivie amplifikovaly jen
taxonomicky vyznamny gelpenA.

V neposlednfact si prace dava za cil hlednit situaci kolem paralognich gepro -tubulin, kéemuz by

meély prispét vySe uvedené cile a uloZzeni anotovanych sekwmndatabdze GenBank.



1. TEORETICKY UVOD

1.1. RodAspergillus - vyznam, taxonomie a saiasny druhovy koncept

1.1.1 Ekonomicky vyznam

Rod Aspergillus je tfazen spolu s dalSimi anamornimi rodyPenicillium a Paecilomyces - do celedi
Trichocomaceae (Ascomycetes; Eurotiales; Eurotiomycetes) (Mall@thCain 1972)Aspergillus je jednim z
nejvice ekonomicky vyznamnych ripahikroskopickych hubRada druli je patogennich prélovéka (viz dale),
zvitata i rostliny, fisobi alergen®) jiné znehodnocuji uskladné potraviny, nebo produkuji toxické a
kancerogenh pasobici sekundarni metabolity (Varga et al. 20033 déuhé strah sem paf organismy
biotechnologicky vyznamné, uzivané hapi fermentaci v potravingtvi pro produkci hydrolytickych enzyim
a organickych kyselin (Abarca al. 2004).

1.1.2 Vnitrodruhové élenéni

Posledni kompletni monografie rodu byla napsana ¥965 Tab 1.1 Abecedni seznam sekci a
souvisejicich teleomorf u roduAspergillus
podle Petersomt al. (2008) a Vargaet al.
morfologie 132 druh a 18 variet rozglenych do 18 (2010)

(Raper et Fennell 1965). AutorozliSovali ¢ist¢ na podklad

neformalnich skupin zaloZzenych na #rih autofi o sekce teleomorfa
. . , . Aenel Emericella
pravcEpodobnych gibuzenskych vztazich. Tyto sekce S%spergillus Eurotium
ukéazaly jako velmi stabilni navzdory velkému mnekst Bispori -
Candidi -
nasledujicich morfologickych, fyziologickych a mblgarnich  ~qini _
studii. Pozdji byl témto neoficialnim skupindm byl dan statusCircumdati Neopetromyces
Clavati -
sekce, ktery je pouzivan dodnes (Gams et al. 1985pce Cremei Chaetosartorya
2000 bylo popséano 182 driuH(Pitt et al. 2000). Nejnaysi Flavi Petromyces
. . L Flavipedes Fennellia
¢leréni rodu obsahuje 8 podrbda 23 sekci (viz Tab. 1.1) Fumigati Neosartorya
(Peterson 2008; Samson et Varga 2010; Vagal. 2010) Nidulantes Emericella
Nigri -
obsahujicich kolem 280 platnych dfuh(Peterson 2008; chhraceorosei )
Samson et Varga 2009). Fyziologické vlastnostiefws Ornati Sclerocleista
Raperi -
citlivosti na antimykotika), produkované sekundamsétabolity Rgri cti Eurotium
a ekologicka data&Sinou dobe Koreluji s daty molekularnimi, S'Ivat@ -
arsi -
proto m& smysl rozliSovat i tzv. kryptické druhy, nichz 'Sl'grrei )
nemame dostatek taxonomicky informativnich morfadgch — Usti Emericella
o . o . Warcupi Warcupiella
znaki (nag. z divodu fenotypové plasticityii jednoduchosti 5, Penicilliopsis

stavby stélky).



1.1.3 Zmény v druhovém konceptu - polyfazicky gistup

Pojeti druli u roduAspergillus se stejt jako u jinych skupin hub #&milo. Sowasny druhovy koncept u rodu
Aspegillus je zaloZzen na tzv. polyfazickéntigtupu kombinujicim klasickou morfologii, fyziolagiprodukci
sekundarnich metabalits molekular genetickymi daty, ekologii a studiem reprothikizolace (Samson et
Varga 2009). Objektivh nejpouzivagiSim pristupem v identifikaci a popisu novych déule kombinace
morfologickych dat podpena sekvencemi zékolika na soB nezavislych lokus Druh v tomto pipack
souhlasi s nejmenSimi monofyletickymi shluky jedir(clusters), podpené analyzou dkolika nezavislych
DNA sekvenci (Genealogical Concordance Phylogerigpiecies Recognition - GCPSR) (Avise et Ball 1990;
Dettmanet al. 2003; Dettmaret al. 2003; Dettmaret al. 2006). Omezenou rozliSovaci schopnost ma u rodu
Aspergillus oblast rDNA wetns oblasti ITS, ktera je s oblibou vyuzivana v detieiani a taxonomii u hub. Ta je
pouzitelna jen pro orientai ukeni do druhovych kompléx Pro jednoznéné vymezeni vztahmezi druhy je
nutné vyuzivat sekvence dalSich @§eRro konstrukci fylogeneze a pro identifikaci jsoegastji vyuzivany
oblasti geid pro g-tubulin (benA), kalmodulin ¢aM), RNA-polymerazu 1l (pb2) a aktin éct) (Houbrakeret al.
2007; Samsomet al. 2007; Samsost al. 2007; Vargaet al. 2007; Vargeaet al. 2007; Peterson 2008; Varggal.
2010).

Vyznamny pokrok v taxonomii rodu v poslednich tétevylstil v popisovani velkého o novych drub,
zmeny v koncepci sekci a rozpad druhovych komplesetrs téch vyznamnych z hlediska patogenitglavéka
(Honget al. 2005; Houbrakemt al. 2007; Samsost al. 2007; Samsost al. 2007; Vargaet al. 2007; Yaguchét

al. 2007; Pildairet al. 2008; Balajeet al. 2009).

Kvali velkému mnozstvi kryptickych dridh a naopak extrémni fenoplastéicidruhi jinych je
morfologicky koncept druhu pro roéispergillus nedostatény. Aplikace biologického konceptu druhu, ktery je
vyuzivan nap utady dermatofyt (Symoens et al. 2011) a z&stupdu Fusarium (Summerell et al. 2003) je u
rodu Aspergillus limitovana jen na nevelky get znamych heterothalickych difuhZz 280 popsanych driihje
teleomorfa znamé asi u 70-80 diufEagle 2009), z toho heterothalickych je méez 10 (Tab 1.2). Totéislo
je zZtejm¢ znané podhodnocené. Tvorba teleomorfy vyzadugsto velmi specifické kultivani podminky a
nalezeni kompatibilnich kménV sowasnosti se povedlo navodit pohlavni stadium u @ijako A. fumigatus
(O'Gorman et al. 2009) neldo flavus (Horn et al. 2009), které byly j&dtekolik let predtim davany jakofifklad
striktné asexudlnich druh V hledani kompatibilnich jedificvyznamri pomaha zjifovani FisSlusnosti izolat k
parovacimu typu (mating type) (Dyer et al. 20033 & pedpokladat, Z¢ada drull, dnes povazovanych za

asexualni, jsou ve skuteosti druhy heterothalické.

Tab 1.2 Heterothalické druhy nélezZejici do roduAspergillus

druh popis teleomorfy

Em. heterothallica(Kwon-Chung, Fennell & Raper) Malloch & Cain  (Rajge Fennell 1965)

N. fumigataO'Gorman, H.T. Fuller & P.S. Dyer (O'Gormetral. 2009)

N. fennelliaeKwon-Chung & S.J. Kim 1974 (Kwon-Chung et Kim 1974
? = N. otanii Takada, Y. Horie & Abliz 2001 (Takada et al. 2001)

N. nishimuraeTakada, Y. Horie & Abliz 2001 (Takadhal. 2001)

N. spathulataTakada & Udagawa 1985 (Takada et Udagawa 1985)
N. udagawaeY. Horie, Miyaji & Nishim. 1995 (Horie et al. 1995

P. flavusB.W. Horn, |. Carbone & G.G. Moore (Hoenal. 2009)

P. nomiusB.W. Horn, |. Carbone & G.G. Moore (Horn et al120

P. parasiticusB.W. Horn, I. Carbone & J.H. Ramirez-Prado (Hotmle 2009)




Problematické je iieZzivajici dudlni ndzvoslovi @ch druti rodu Aspergillus, které tvdi teleomorfu
(viz Tab 1.1.). Nazvy teleomorf maji dle sasnych pravidel ICBN (Mezinarodni kéd botanické eakdatury)
ptednost (Hawksworth 2011).

1.1.4 Vyznam genomiky

Do porozungni druhovému konceptu se vyrazoromitly i poznatky z genomiky. Pokud bereme vhivaaet
kompletr# osekvenovanych zastupecodu, potom rodAspergillus zaujima mezi vldknitymi houbamirgdni
misto. Teti znamy genom mezi houbami filatyznamnému patogentlovéka - A. fumigatus (Nierman et al.
2005). V sodasnosti je k dispozici genofady dalSich zastupjcodu (viz Tab. 1.3).

Tato data mimo jiné umamji vyuziti microarray gistupi v identifikaci cilovych get zapojenych v
patogenezi, sexualnim procesu, majicich vztah kstexi k antimykotikm apod. (Nierman et al. 2005).
Srovnavaci genomika také umoznila pochopeni metdyoh drah vedoucich ke vzniku unikatnich
sekundarnich metabalitkteré jsou velméasto specifické pro jednotlivé druhyi,druhové komplexy (Davidt
al. 2003; Osterman et Overbeek 2003). Schopnostittumikatni metabolity se vyuziva ifipvymezovani

novych taxoi (Samson et Varga 2009).

Tab 1.3Genomické projekty u zastupd rodu Aspergillus

druh status genomické

publikace/odkaz
sekvence

A. aculeatusATCC 16872 neanotovana http://genome.jgi-psf.org/Aspacl/AsmmAnload.html
http://www.ncbi.nIm.nih.gov/sites/entrez?db=bioag.cmd

A. carbonariusITEM 5010  neanotovana =Retrieve&dopt=Overview&list_uids=15631

A. clavatusNRRL 1 anotovana (Wortman et al. 2006; Fedoroal.€1008)
A. flavus NRRL 3357 anotovana (Payne et al. 2006)
A. fumigatus Af293 anotovana (Niermaet al. 2005; Wortmaret al. 2006)
A. niger ATCC 1015 anotovana (Baker 2006; Pel et al. 2007)
A. oryzae RIB4G anotovana (zl\gggnda et al. 2005; Kobayashi et al. 2007; Maalatal.
: i i i 2db=Dbi i
A. parasiticus* nent k dispozici http://www.ncbi.nIm.nih.gov/sites/entrez?db=bioafgcmd

=Retrieve&dopt=Overview&list_uids=129
A. sojae NBRC 4239* neanotovana (Sato et al. 2011)
http://www.ncbi.nIm.nih.gov/sites/entrez?db=bioagcmd

A terreusNIH2624 anotovana =Retrieve&dopt=Overview&list_uids=187
Em. nidulans FGSC A4 anotovana (Galagast al. 2005)
N. fischeri NRRL 181 anotovana (Wortmaet al. 2006; Fedorovat al. 2008)

pozn. Pro fadu uvedenych drihexistuje vice nezavislych genomickych projekt rizré pokrciilé fazi
(pracujicich s jinym kmenem). V tabulce je uvedem kazdy druh vzdy jen jeden projekt v nejpalilejSi fazi
vyvoje.

™ A oryzae, stejré tak i A. sojae nejsou po taxonomické samostatnymi druhy, jedr@demestikované kmeny
A. flavus, resp.A. parasiticus.

1.1.5. Medicinsky vyznam roduAspergillus diagnosticka kritéria pro potvrzeni infekce

Aspergillus je vyznamnou ficinou morbidity a mortality lidi i zvat, a&koliv jen mala¢ast z dosud popsanych
druhi je patogenni prélovéka (grehled patogennich drahvéetrg druhi zachycenych WCR viz manuskript v
recenznintizeni v glohach diplomové prace: "New aetiological agemntd alinico-pathologically unique cases

revealed among 178 clinic&lspergillus strains obtained from Czech patients and chaiaetkby molecular
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leukémii a po transplantaci kostnied (Morgan et al. 2005). Mezi dalSi oneméghvyvolana zastupci rodu
Aspergillus pati aspergilom, chronicka plicni aspergiloza, alékgicaspergiléza, sinonazalni infekce,
endokarditidy, fungalni keratitis, otomykdzy, ongohykéza, kozni 1éze a infekce postihujiciitakjakoukoliv
organovou soustavu (tyto infekce se vyskytujicasgji u diseminované formy IA) (Steveng al. 2000;
Campbell et Johnson 2005; Jekbva 2006; Jedikovaet al. 2008).

Spo6ry mnoha druhjsou vSudypitomné v prosedi a jejich nejvyznan@simi zdroji jsou rozkladajici
se bhiomasa, {gla, odpadky, prach, vzduch, d&wnée s rostlinami, jidlo a v neposlediads i vodovodni
systémy, které mohou byt diky schopnosti tvorbyfilim vyznamnym zdrojem nozokomialnich nakaz (Warri
et Verweij 2005).

Kazda z vySe jmenovanych klinickych jednotek ma pvé potvrzeni u pacienta stanovena kritéria,
kter4 jsou ¢asto obtiza splnitelna. Kritéria pro potvrzeni 1A zahrnuji dispozEni faktory pacienta
(imunosuprese, imunodeficit), histopatologické kel bioptického vzorku,fadu Klinickych kriterii a
mykologicka kriteria (fima mikroskopie odebraného materialu, kultivac®gana, pikaz antigenu patogena v
télnich tekutindch nebo sekretech) (De Pauw et ed8P0Bioptické vySéeni je provadno jen v omezeném
poctu pripadi, proto ma 1A d¢ rizné kategorie, a sice prajgbdobné (probable) a potvrzena (proven) IA, které
zahrnuji fizre piisna kritéria. DalSi jednotky jako plicni aspergilochronicka plicni apergil6za a sinusitida maji
obdobna kritéria se specifiky v klinické manifestii@eshazo 2009; Smith et Denning 2011). U lokal@wnych
infekci jako keratitis a otitis externa ma zasadrdnam klinickd manifestace, kultivace a mikroskgi nalez
(McLeod 2009; Vennewald et Klemm 2010).

Mezi velké diagnostické problémy patdermatomykézy, zejména pak onychomykéza vyvolana
nedermatofytickymi vlaknitymi houbami (NVH) ¢etré rodu Aspergillus. Diagnosticka kritéria pro
onychomykézu zfisobenou NVH proSla mnoha modifikacemi a pokusy edrzpduSeni (Walshe et English
1966; English et Atkinson 1973; English 1976; Buatlal. 1987; Schereet al. 2001; Shemeet al. 2007,
Shemeret al. 2009, 2009). Specifita a senzitivita byla hodnecgm u gkterych &chto metod (Gupta et al.
2001; Summerbell et al. 2005). Za zlaty standaatbsolutni specifitou, ale nizkou senzitivitou (Suenbell et
al. 2005) jsou stale povaZzovany kritéria, kdy je kkazu nutno izolovat stejnou NVH &aso¥ oddilenych
odkerech veisté kultde, bez sotasného zachytu dermatofyta a zacsmmé podporyifmou mikroskopii, kde
musi byt nalezen alespallomek vlakna (Summerbell et al. 1989). Tato kidtgsou ale v praxi velmi obtin
splnitelna. Problematika diagnostiky onychomykopyisobené NVH je hlou}ji diskutovana v bakat&ké préaci
(Hubka 2008) a publikacichiipzené v apendixu fiedklddané diplomové prace (Hubka 2009; Hubkal.
2011; Stuchlilet al. 2011).
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1.2. Paralogni geny

1.2.1 Riziko paralognich gefi pro taxonomii

Paralogni geny (zde chapéano jako vice homolognéch g genomu jednoho organismu pro peptid da&fdy t-
nag B-tubulin - které vznikly genovou duplikaci a lis¢ se své sekvencifipadre i funkci) jsou obavanym
problémem sotasné taxonomie zaloZzené z velldsti na molekulamhbiologickych znacich. S@éasné pouZiti
sekvenci paralognich g&és nehomologni funkci ve stejné fylogenetické armlginasi velké riziko.

Problém paralofy se snazi studigesSit uzitim tzv. polyfazickéhoifstupu (viz vySe). V jedné studie jsou pak
vyuzity DNA sekvence &kolika nezavislych lokus morfologicka data a vifpact rodu Aspergillus se dnes
stava standardem i stanoveni extto(Bamson et Varga 2009). Kombinagkalika pfistupu ma mimo jiné tu
vyhodu, Ze s uWitou Sanci eliminuje idpadny vliv paralo§ na vysledné taxonomické zfy. U rychle
speciujicich rod, mezi které rodAspergillus pati (divergence v ramci jednotlivych lokiusnezi sesterskymi
druhy na drovni DNA #tSinou jen mezi 0-5 %) je taxonomicky vyznam masfpe ¢asto podruzny #gada drul
je popséana jako tzv. kryptickych (mikrospecies).rfdmgie je vyuzivanaasto jen jako nastroj k t@zeni do
druhovych komplek, nebo sekci. Proc¢ély taxonomie tak odpadéa jeden z pojistnych néstijak eliminovat
piipadny vliv paralod na taxonomicky Usudek.

Gen prog-tubulin (benA) pati v sokasnosti k nejvice vyuzivanym den pro konstrukci fylogeneze u
hub i jinych skupin organisin V genomech hub se vyskytuje nekonstantriepparalog pro s-tubulin, které
mohou byt nahodile amplifikovanyigoouziti malo specifickych primér Peterson (2008)tppouzitim beznych
primer pro amplifikaci fragmerit genubenA amplifikoval v ramci sekcNidulantes, Usti a Nigri fragmenty o
rizném pdétu introni. Z obavy ped hrozbou pouZiti paralogniho genu byl gen prubulin vyfazen z
fylogenetické analyzyéthto sekci. Keelingt al. (2000) pi snaze konstruovat fylogenezi hub na zéklgdnu
pro S-tubulin, namnozil u &terych druli viastnimi primery 2-3 paralogni geny. Cela analfaly ztratila na
prehlednosti a vypasdni hodnot. Jak ukazuji zde prezentované vysledky (viz d@eyyhnuly se &které dalSi

studie needomému pouziti dvou paraldgro g-tubulin v jedné analyze.

1.2.2 Vznik paralognich geii procesem duplikace-subfunkcionalizace-komplementai degenerace
NejvyznamugjSim mechanismem, kterym je v sagné dob vyswtlovan vznik genovych rodin (zvl&stu
eukaryot) je genova duplikace. Analyzou gefioonganisni nagi¢ ¥fiSemi bylo zji&tno, Ze desitky procent, u
nékterych organisrini nadpolovéni wtSina, z celkového @tu geri maji svij pavod v genové duplikaci (Zhang
2003).Rada takto duplikovanych génvori celé genové rodingitajici desitky az stovky gér(Guet al. 2002).

Mechanismy, které vedou k duplikaci genetické inface a vzniku paralognich denjsou
nerovnondrny (unequal) crossing-over, retrotranspozice, idape celych chromoscin(nebo genomu). V
piipact nerovnomdrného crossing-overu a duplikace chromosomistane zachovana struktura genu
pieruSovana introny. U retrotranspozice bude vysledimglikovany gen prosty intrdna regul&nich sekvenci
(Zzhang 2003).

Existuje rekolik alternativnich hypotéz, jak se z duplikovaadenu stane plnohodnotny gen zajjici
specifické funkce. Jedna z nichredpoklada, Ze duplikovany gen je po svém vznikué pladundantni

s matéskym genem a je prosty vSech evlich tlaki na zachovani své struktury (Ohno 1970)¢Bwny takto
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neomeze# mutujicich gefi se stanou pseudogeny (DNA sekvence vznika zc¢hink gerd, kterd se vlivem
mutaci stala nefurtki) a jen velmi malé&ast z nich se vyvine v plnohodnotné geny.

Jina hypotézaiedpoklada multifunknost ancestralnich gémpied duplikaci. Dcéné duplikované geny
pak gevezmou #kterou z funkci pvodniho genu a komplementérk tomuto procesu mateky gen ztrati tutéz
funkci (subfunkcionalizace). To zajisti, Ze dupliflamy gen bude udrZzen v genomu (pak s€m hovdi jako o
paralogu). Tento proces je zaiStkomplementarnimi degenerativnhimi mutacemi u obedi (Forceet al.
1999; Lynch et Force 2000). Existuji aletigady, kdy se u duplikovaného genu vyvinula zcalaanfunkce
negiromna u matiského genu (Yokoyama et Yokoyama 1989). Procesédnfurskcionalizace pravghodobré
vznikly i paralogy tubulinovych geén Nejnazorgiji je tento proces dokumentovan u k& specifickych
paralogi (Michielset al. 1987; Solnica-Krezedt al. 1990; Torgerson et Singh 2004).

Dalsi osud sekvence duplikovaného genu séenvyrazi lisit od pivodniho "matéského” genu ve
smyslu akcelerované evoluce proteinové sekventiesrBvnani dvojic paraldgu hal’atka Caenorhabditis)
bylo zjiS&no vyrazri vySSi mnoZstvi nesynonymnich mutaci vzhledemdtyssynonymnich mutaci (fts) nez
kdyz byly stejnému srovnani podrobeny orthologmiygdvou blizce fibuznych drubi (Castillo-Daviset al.
2004). Pondr dy/ds pravdpodobré neni vyrazgiji naruSen genovou konverzi, ktera, jak sedpoklada, se mezi
paralogy uplatuje pongrné ¢asto (Castillo-Davist al. 2004; Linet al. 2006). To podporujeipdstavu, Zze na

duplikovany gen fisobi mensi evotini tlaky na zachovani primarni sekvence nezin@gni "matésky gen".
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1.3.Tubulinové superrodina u eukaryotickych organismi

1.3.1 Hlavni zastupci tubulinové superrodiny

Mikrotubuly eukaryotického cytoskeletu jsou teay heterodimery:- a f—tubulinu. y-tubulin je potebny pro
zapaeti formovani a orientovani mikrotuliiu{Oakley et al. 1990). \ktSina mnohobunych organismh ma
vice kopii &chto geri ve svém genomu (Dutcher 2001). Postupgli odhaleni dalSEtyti zastupcicleni této
superrodiny (Dutcher et Trabuco 1998; Chang etrB8%a8000; Ruizet al. 2000; Vaugharet al. 2000), ale
narozdil od pedchozich zakladnickittypi nejsou jejich geny ffitomné u vSech eukaryot a nemaijisfusné
homology v genomech houbovych organisnvVysoky stupé divergence &hto no¥ objevenych gei u
riznych organistin predpovidd, ze jejich funkce nebude tak Gzce spjptinsarni sekvenci, jako je tomu u genu
pro a-, B- ay-tubulin, které jsou sikh konzervované. Jejich ndfpmnost u vySSich hub a s@sré i u rostlin
koreluje s absenci bazalnictlisek a centriol, na jejichz sta¥tse s velkou pravghodobnosti spoluiastni
(Dutcher 2001).

Gen prog-tubulin sestdvd ze dvou hlavnich domémi jsou doména GTPazova a C-terminalni
doména zprogtdkovavajici interakci s dalSimi proteiny a tvorbimeri (Nogaleset al. 1998). U hub je
v termindlnicasti genu hypervariabilni doména bohata na glutatharganisn, které maji v jakémkoliv stadiu
zivotniho cyklu béik ¢i cilie (obsahuji 9+2 axonemalni struktury), jeotata glutamat bohatéd oblast cilem
postranslani modifikace - polyglycylace na specifickych ga@@OH reziduich glutamatu (Xiet al. 2000).
Organismy, které ztratily axonemalni strukturyvitSina hub (¢etné mikrosporidii) maji tubulinové sekvence
(i a-tubulinové) vice divergentni. Naproti tomu chyigigako nejgivodrejSi skupina hub, kde jsou 9+2 struktury

zachované v sexualnim cyklu, maji tubulinové sekegnst silngji konzervované (Nielseet al. 2001).

1.3.2 Paralogni geny kodujicf-tubulin u rodu Aspergillusa jejich nomenklatura

Pro a- i p-tubulinové geny je znamida paralod, jejichz zngeni je pordrné nefehledné. Rekvapiv velké
mnozstvi moznych posttransgtdch Gprav proteii tubulinové rodiny se v g@tcich vyzkumu cytoskeletarnich
proteim podilelo na zmatmosti a nepehlednosti uzivané nomenklatuiast z tehdy nalézané heterogenity
mezi proteiny byla vysledkem posttrarisiich modifikaci (fosforylace, polyglutamylace, pglycylace aj.)
(Cleveland et Sullivan 1985; Verhey et Gaertig 20@voto existujietna synonyma.

U druhuAspergillus nidulans nachazime v genomu dva paralogni genyfgtabulin -benA atubC. Jak
ukazuji gedkladana data (viz dale), dochazelo pépediobrt k opakovanym ztratdm paralogibC. Produktem
genubenA (nekdy téz zn&eny tub-2; tub-1 je zian jeden z paraldgpro a-tubulin) jsou polypeptidyl- as2-
tubulinu. BenA byl pojmenovany podle lokusu, v nemZ se nachazeltace zodpawdné za zrmnénou
senzitivitu houby k mitotickym jeidn, mimo jiné i k fungicidnimu benzimidazolovému idétu benomylu
(Borck et Braymer 1974; Sheir-Neigs al. 1978; Orbachet al. 1986). Takovych lokus byla u fiznych
modelovych organisthnalezena celéada a byly zn&éeny benA, benB aZ benxy. Pojl bylo prokazano, ze v
nekterych tchto lokusech lezi strukturni geny gidubulin (Burlandet al. 1984; Schedét al. 1984).

Polypeptids3-tubulin (Weatherbee et Morris 1984) je kédovanegetubC (Weatherbeet al. 1985)
(kdezto gertubA koduje polypeptidy:1- aa3-tubulinu; gertubB kdduje polypeptid:2-tubulin). Zn&eni gerl
pro a- af-tubulin a jejich proteinové produkty jsotghledr zaneseny do Tabulky 1.4.
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Tab 1.4Geny kédujici a- a p-tubulinové proteiny u A. nidulans

ozna&eni genu alternativni ozéeni genu oznmeni produktu
benA tub-2 S1- ap2-tubulin
tubC S3-tubulin

tubA tub-1 al- ae3-tubulin
tubB a2-tubulin

(Sheir-Neisst al. 1978; Morriset al. 1979; Weatherbee et Morris 1984; Weatherdiet. 1985)

1.3.3 Funkce paralo@ benAatubC u rodu Aspergillus
Funkce produkt genu benA jsou vyznamné dhem celého vegetativnihaistu, &astni se tvorby diciho
vieténka, pohybu jadra a organel (Oakley et Morri80191981). Funkce gentubC byla zkouméana WA.
nidulans, kde participuje v procesu konidiogeneze, ale nmoi tento proces nezbytny (Mag al. 1985;
Weatherbeet al. 1985; May 1989). Podobna fuftk zangnitelnost byla popsana i peetubulinové paralogy
tubA atubB (Kirk et Morris 1993).

Oba paralogybenA a tubC jsou u A. nidulans vysoce divergentni (Magt al. 1987), na arovni
aminokyselinové (AMK) sekvenceigsahuje divergence 18 %. U jinych diiufodu Aspergillus nachazime
divergence podobné dro¥nvysSSi i vyrazt nizsi, gipadr se paralogtubC u rekterych druli vibec

nevyskytuje (viz vysledky).

1.3.4p-tubulinové paralogy v ¥iSi Fungi

Podobr jako se lisi péty paralog pro S-tubulin v ramci roduAspergillus (viz vysledky), liSi se tyto pay
nagic¢ ¥isi hub (viz Tab. 1.5). J&StétSi variabilitu nachazime u vySSich eukaryot. illdad rodDrosophyla ma
¢tyfi p-tubulinové paralogy (Natzle et McCarthy 1984), lepgce Gallus gallus) bylo takovych paralag

nalezeno dokonce Sest (Monteiro et Cleveland 1988).

1.3.5 Specifita primeii uzivanych k amplifikaci genu prog-tubulin (benA)

Gen prog-tubulin (benA) je oblibenym genem pouzivanym pro taxonomickélydu hub. Pro tyto dely se
pouzivaji fragmenty genu lokalizovanéilghizné v jeho prvni teting, kde se u &Siny hub nachazi ékolik
intrond, které maji velmi vysokou rozliSovaci schopnostinavni drutii. V sowasnosti u hub obe&ruzivané
primery byly navrZzeny fedevSim pro pouziti u rodeusarium (T1, T10, T2, T22, aj.) (O'Donnell et Cigelnik
1997) a primery navrzené na zaklaskkverni homologie mezi geneivenA u A. nidulans a N. crassa (Bt2a,
Bt2b, aj.) (Glass et Donaldson 1995). Jak ukazuji naSe darad@e), specifita ¢kterych &chto primeti
(ptedevsim forward primé) vici benA je u roduAspergillus nedostatesna, wkterych druli primery dokonce
prefereiné amplifikuji tubC paralog.

Byly navrzeny i dalSi primery, kterym se nedostit8iho uplaténi (Keelinget al. 2000; Einax et Voigt 2003) a
jejich specifita pro jediny paralog je ¥ipadt prvni jmenované prace velmi nizka, iigact druhé prace

piinejmensim diskutabilni (produkty na elektrofor¢smu casto dva, nebo i vice).
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Tab. 1.5Poget g-tubulinovych paralogia v genomech ikterych hub

taxon Taxonomické *azeni Zdrojt
Ascomycota
Aspergillus spp. Eurotiomycetes; Eurotiales 1-2 (viz vysledky

Fusarium spp. . graminearum,
F. oxysporum, F. verticillioides)

Trichophyton spp. {T. rubrum,
T. tonsurans, T. equinum)
Trichophyton verrucosum
Microsporum spp. M. canis,
M. gypseum)

Coccidioides spp. C. immitis,
C. posadasii)

Arthroderma benhamiae
Histoplasma capsulatum
Tuber melanosporum
Candida albicans
Saccharomyces cerevisiae

Schizosaccharomyces pombe Schizosaccharomycetales 1
Colletotrichum graminicola Sordariomycetes; Glomerellales 2 (f;zr(n):;\cmone et Hanau
Neurospora crassa Sordariomycetes; Sordariales 1
Zygomycota
Basidiobolus ranarum Entomophthorales 2 (Keelireg al. 2000)*
Conidiobolus coronatus Entomophthorales 2 (Keelirag al. 2000)
Spiromyces minutus Kickxellales 2 (Keelinget al. 2000)
Mortierella verticillata Mortierellales 2 (Keelingt al. 2000)
Rhizopus microsporus Mucorales 3 (Keelingt al. 2000)
Rhizopus oryzae Mucorales 5?
Chytridiomycota
Allomyces macrogynus Blastocladiomycetes; Blastocladiales 2 (Keekhgl. 2000)
Spizellomyces punctatus Chytridiomycetes; Spizellomycetales 2 (Keelat@l. 2000)
. Monoblepharidomycetes; .

Harpochytrium sp Monoblepharidales 2 (Keelinget al. 2000)

Microsporidia
Glugea plecoglossi Microsporidia 2 (Keelinget al. 2000)

Sordariomycetes; Hypocreales

Eurotiomycetes; Onygenales
Eurotiomycetes; Onygenales

Eurotiomycetes; Onygenales

Eurotiomycetes; Onygenales

Eurotiomycetes; Onygenales
Eurotiomycetes; Onygenales
Pezizomycetes; Pezizales

Saccharomycetes; Saccharomycetales 1
Saccharomycetes; Saccharomycetales 1

Schizosaccharomycetes;

* ¢isla z této publikace se vztahuji k minimalnimétpgaralog v genomu (autor pomoci vliastnich pririner
nahodr amplifikoval u rekterych druli vice paralog)
T Pokud neuveden Zadny Udaj ve sloupci "Zdroj", gmbdet nalezenych paralégaklada na vliastnim
prohledavani genomickych databazi

T Na zéklad (Jamet al. 2006) a http://blast.ncbi.nim.nih.gov/Blast.cgi
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1.4 Preference get v pouzivani kodoni: vztah ke genové expresi a moznosti hodnoceni

1.4.1 "Codon usage" a genova exprese

Standardni geneticky ké&tta 64 fznych kodoid pro 20 aminokyselin &itstop kodony (Tab 1.6). Kazdy gen
uziva pro kédovani aminokyselincité kodony €odon usage - CY) v idedlnim pipac vSechny synonymni
varianty pro danou aminokyselinu (AMK) se stejnaavaEpodobnosti. Po ziskani sekvenci prvnichigan
rozluseni genetického kédu bylo u stalétsiho pétu gerii pozorovano, ze ne vSechny kodony jsou pouzivany s
ocekavanou frekvenci ¢bdon usage bids - CUB). U aminokyselin, kde je na vyb z wtSiho pdétu
alternativnich kodoin je ¢asto silg preferovan jen jeden. Wady geri naopak tento jev pozorovan nebyl.
Omezeny repertoar vyuzivanych kodohyl mezi prvnimi nalezen u si#nkonzervovanych geénbakterii a
Saccharomyces cerevisiae (Ikemura 1981; Bennetzen et Hall 1982). Rgizbyl také mimo jiné zaznamenan u
genubenA A. nidulans, kde si autti povSimli tohoto rozdilu oproti pr&popsanému genwbC (May et al.
1987).

Tab. 1.6Tabulka aminokyselin a péisluSnych kodoni (standardni geneticky kad)

AlaJA  GCU, GCC, GCA, GCG Leu/L UUA, UUG, CUU, CUC, CUA, CUG
Arg/R  CGU, CGC, CGA, CGG, AGA, AGG Lys/K AAA, AAG

Asn/N  AAU, AAC Met/M; START AUG

Asp/D  GAU, GAC Phe/F Uuu, uucC

Cys/C UGU, UGC Pro/P CCU, CCC, CCA, CCG

GIn/Q CAA, CAG Ser/S UCU, UCC, UCA, UCG, AGU, AGC
GIu/E  GAA, GAG Thr/T ACU, ACC, ACA, ACG

Gly/G GGU, GGC, GGA, GGG Trp/W UGG

His/'H  CAU, CAC TyrlY UAU, UAC

lle/l AUU, AUC, AUA Val/v GUU, GUC, GUA, GUG

STOP  UAA, UGA, UAG

CUB bylo zadhy dano do souvislosti se zvySenim @fékt transkripce a translace u siln
exprimovanych gehn (Sharpet al. 1986; Sharp et Devine 1989). Omezeni repertoadoifoa s tim spojena
potreba mensiho @itu tRNA jsou dilezitym mechanismem, jak Uspéjina efektivreji exprimovat geny. U rod
jako Trichoderma nebo Aspergillus se da sledovat kontinuum gerod €ch, které vyuzivaji kodony bez
jakychkoliv preferenci (odpovida skalexprimovanym geim), aZz po geny, které preferuji jen Uzky okruh
"optimalnich kodo@" (silné exprimované geny). &Sina z ¥chto preferovanych koddnma ve teti pozici
guanin nebo cytosin (Lloyd et Sharp 1991; Goldretzad. 1998).

Jako jedno z vysileni pro vysoky obsah G+C ngeti pozici kodon je ladni sily interakce mezi
kodonem a antikodonem. Néasledkem vysokého zastéugesomi s filiS silnymi nebo naopak slabymi
interakcemi kodon-antikodon v genu ma za néasled&k nychlost translace (Goldmahal. 1998; Tulleret al.
2010). Korelace mezi mirou exprese genu a CUBfgdy nizSich eukaryot a prokaryot £nd, proto se da jiz
ze samotné sekvence genu odhadovat mira jeho exfRegmondakt al. 2009). U vSech druhale nejsou tyto
vztahy tak jednozrimé. Asi ve 30 % zkoumanych genomech bakterii nebglazena signifikantni selekce na
prefereni CUB (Sharpet al. 2005). Ani u vysSich eukaryot neni vztah mezi gemoexpresi a CU tak
jednoznany.

DalSimi faktory, které maji udajnmit vliv na CU jsou fitomnost signalnich oblasti pro gest
(splicing) v exonech (Willie et Majewski 2004; Tddashi 2009) a efektivni velikost populace danéhdhdr
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(Loewe et Charlesworth 2007). Métasté uzivani "optimalnich kodih(nizSi CUB) je nalézana u dlouhych
geni, geri postradajicich introny a gémachazejicich se v oblastech na chromosomu s wizkenzitou
rekombinace (Moriyama et Powell 1998; Comeebial. 1999; Duret et Mouchiroud 1999; Maraisal. 2005;
Loewe et Charlesworth 2007).

Nesrovnalosti mezi CU a intenzitou exprese nalezeifa@ly organism, nebo jednotlivych gendokie
vyswtluje hypotéza, ktera CU spiSe nez s kvantitou esgrspojuje s funkci proteinu a expresnim pattern
(Lavner et Kotlar 2005; Najafabadi al. 2009). Spektra koexprimovanych gem tRNA se nini v zavislosti na
podminkéach, nebo fazi ontogeneze organismu. Razsahblyza expresniho pattern a funkcetgeapi¢
genomy eukaryot a prokaryot odhalila, Ze gefgpfsované ve stejny okamzik maji podobny CU a furiRc
zmeng vrgjSich podminek se z#ni spektrum synchronizovamiepisovanych skupin génkteré maji jiny, ale
vzajemigé velmi podobny CU (kvantita jejich exprese s#tgm mize zn&né liSit). Podobg dynamicky
vzhledem k podminkam seéni i spektrum intracelularnich tRNA. Neni tedy rijtaby byly v biice v dany
okamzik gitomné vSechny typy tRNA, coz vyrazrseti energii nutnou k realizaci aktualniho Btného
programu. Tuto hypotézu podporuje i fakt, Ze naladék podobného CU se d& predikovat interakce mezi
proteiny (Najafabadi et Salavati 2008). Logickytb$iz kooperujici proteiny #ty byt exprimovany saotasré a
tudiz mit podobny CU.

Pro wtSinu paralognich génse pedpoklada, Ze maji podobny CU a tudiz i funkci @flpadiet al.
2009). To ale neplati prertubulinové paralogyenA atubC, jejichz CU a zejne i funkce jsou odliSné (Magt
al. 1987). Divergentni vyvoj AMK sekvenci duplikovarmygerii byl pozorovan wadt piipadi a je pondrné
¢astym jevem, ktery postihuje asi 20-30 % duplikoxdngerii (Conant et Wagner 2003). ¥chto ipadech se
vétSinou jeden z duplikovanych genyviji mnohem rychleji nez druhy (Conant et Wagge03) a jsowasto
patrné rozdily v jejich expresi (Gaial. 2002; Guet al. 2004; Ganket al. 2007; Haet al. 2007).

1.4.2 Moznosti hodnoceni "codon usage"
Pro objektivizovani zastoupeni jednotlivych kodpoharakterizovani genu jako celku z hlediska Clg,také
pro hodnoceni exprese derktera s CU fimo souvisi, byly zavedenyékteré popisné charakteristiky. Ty
mohou byt v zasadrozdileny na skupiny. Prvni skupina shrnuje, jak moc geunziva set jistych "optimalnich
kodoni" (musi byt gedem definovany). Druh& skupina porovnava CU gewariant, ve které by neexistovaly
zadné preference v uzivani synonymnich kédefastré jde o nulovou hypotézudf

Mezi nejdéle pouzivané charakteristiky iparv. relativni zastoupeni synonymnich kotiqrelative
synonymous codon usage - RSQUSharpet al. 1986), které vychazi z pozorovaného vyskyititého kodonu
déleného dekavanym pétem vyskyfti, jako kdyby neexisstovaly zadné preference a w8ekhdony pro danou
AMK byly pouzivany se stejnou frekvenci. Hodnoty gvlet a Trp jsou vzdy 1, stop kodony jsou z analyzy
vynechany. Hodnoty blizké 1 ztia Ze dany kodon se v genu vyskytuje §ekévané frekvenci (neni ani
preferovan, ani penalizovan). Hodnoty RSCU jsouameté na AMK slozeni a jsou zvléSvhodné pro
porovnani CU mezi geny, které se lisi AMK slozenamdélkou. RSCU charakterizuje kazdy gen 59
promEnnymi, coz je ale neprakticky velké mnozstvi dat.

Tento velky pdet hodnotieSi zavedeni dalSich charakteristik jakotfndpodon adaptation indeX
(CAl) (Sharp et Li 1987), které charakterizuji kazdyr gwuze jedinyntislem. Hodnota CAI vztahuje CU

konkrétniho genu ke CU reprezentativniho setu ixprimovanych gen Tzv. relativni adaptabilita kazdého
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kodonu ("relative adaptednessi) je pongr pouziti kodonu (stop kodony a nesynonymni kodiiey, Trp jsou
vynechany z analyzy) vzhledem k nejvice zastoupenémonu ze skupiny synonymnich kodgro konkrétni
AMK. Hodnota CAI je pak definovana jako geometrigkyimér vSech hodnob.

"Codon bias index (CBI) (Bennetzen et Hall 1982) hodnoti v daném genukyty22 kodori
kddujicich 17 AMK, které byly vybrany na zaktagejich upednostiovani v sili exprimovanych genec8.
cerevisiae. Modifikované vykry takovych kodof byly postup# vytvoieny i pro dalSi druhy, coz umadje
presrgjsi, druhow specifické analyzy (J. Peden; http://codonw.sdorge.net). Hodnoty CBI nad 0,5 zfiaze
se jedna s vysokou prasgbdobnosti o sikhexprimovany gen.

Frekvence optimalnich kodor(frequency of optimal codons- F,p) je druho¥ specificky index pro
jehoz vypdet je nutné vybrat set nejpouzi¥gich kodori v silné exprimovanych genech u daného druhu. Jde
0 jednoduchy pogr mezi vyskytemdchto optimalnich kodanv genu ku frekvenci vyskytu vSech synonymnich
kodori (Ilkemura 1985). Hodnotayfse nachazi v rozmezi 0 az 1. V genech, ve ktesgchevyskytuji jiné
alternativni varianty kodannez ty, definované jako optimalni, je hodnota @in

Hodnota zvané efektivni pet kodori v genu (éffective number of codon%- ENCs) zna'i, jak hodr
je pouzivani kodaihodchyleno od &ekavavého pouzivani synonymnich koiloHodnota je nezavisla na délce
genu a AMK slozeni. Vyhodou je také, Ze muze bgtgana bez znalosti "optiméalnich koddrpro dany druh.
Pred vlastnim vyp&tem je nutné spitat tzv. "codon homozygozity" pro kazdou AMK, kdema synonymni
kodony. ENCs nabyva hodnot mezi 20 (geny uzivggai 1 kodon pro kazkou AMK) a 61 (alternativni
synonymni kodony jsou uzivany ve stejnéreni(Wright 1990). &koliv se jedna o jeden z nefji
pouzivanych paraméiik hodnoceni CU u génje teba ve specifickychifpadech pouzit modifikovany vzorec
k vypaitu (Fuglsang 2004, 2006).fiPporovnavani gein z riznych oblasti genomu jsou ziskané vysledky
spolehliwjSi, kdyz ENCs statistika bere v potaz i G+C obsakvence. CU a G+C obsah v genech se lisi v
riznych oblastech genomu aibe vést k faleSnym z&wum o rozdilnosti CUB na z&kI&dENCs statistiky
(Novembre 2002; Jgrgensetral. 2007).

Informativni hodnotu ma obsah G+C na feti pozici synonymnich kodoi - GCzs. Tato hodnota
vyjadiuje podil kodoi kongicich guaninem nebo cytosinem ze skupin synonymkédoni v daném genu.
Podobr miZe byt pgitano zastoupeni vSech bazi zvlggo teti pozici synonymnich kodén("silent base
composition") -G3s C3s A3saT3s (Jukes et Bhushan 1986).

U S cerevisiae statistika CAl nejlépe (zétvetice CAIl, CBI, ENC a F,) korelovaje s mnoZstvim
mRNA piitomnym v buice (Coghlan et Wolfe 2000) a da se tedy nejlépezipgako indikator kvantity
transkripce ufittho genu. &koliv moznosti spolehlivé predikce intenzity genoggprese jen na zaklad
kodujici sekvence jsou stale velmi omezené a godbbnost neshody s oSekavanim je gomvysoka
(Friberget al. 2004).
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Tab 1.7Vzorce pro vypotet vybranych statistik vztahujicich se ke "codon uage"

Xi.
RSCU = nij X; - poset vyskyti j-tého kodonu pro-tou AMK, ktera je kédovana
} Xi n; synonymnimi kodony (Shamgi al. 1986)
n5=
Np - celkovy vyskyt preferovanych kodbw sekvenci;
CB| = prr — Nran Nran - 0Cekavany poet vyskyti preferovanych kodan kdyby
- Niot — Nran vSechny synonymni kodony byly pouzivany ve stejfi@m
Niot - poiet synonymnich koddnv sekvenci
(Bennetzen et Hall 1982)
N ; Nptr-spec- Celkovy vyskyt preferovanych kodbn sekvenci (druhay
pir — Spec

specificky);
Niot - patet synonymnich koddnv sekvenci
(Ikemura 1985)

F= =1
n-1
ENCs=2+ 2 + > 42 43
Fo Fs3 Fs Fe

F - homozygozita proifsluSnou AMK

k - paset synonymnich koddnpro danou AMK

n - celkova frekvence AMK v genu

pi - frekvence synonymniho kodonu

pozn.¢isla veitatelich zlomk vyjadiuji pocet AMK v kazd
degenerované skugrinag. F4 je je paimérnd homozygozita pro 5
AMK, které maji 4 synonymni kodony - Ala, Gly, Pigal, Thr)
(Wright 1990), mozZné modifikace (Novembre 2002péaseret al.
2007)

L
CAl =ex izm )
L=

wy - relativni adaptabilit&-tého kodonu
L - potet synonymnich koddnv genu
(Sharp et Li 1987)
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1.5. Vyznam introni a architektoniky genii v genomech eukaryot

1.5.1 Maji introny funkci?

Introny jsou nekddujici sekvence o délce <Hd 16 bazi, které jsou ied translaci odsti@vany z RNA
transkriptu a jejichitzné formy se nachazi u vSech hlavnich skupin osgainod bakteriofad, pres bakterie az
po savce (Haugemt al. 2005; Hertel 2008). Nekddujici DNA (introny a oftlamezi geny) tvi hlavni
komponentu eukaryotickych genénpiesto je zndmo jen malo o mechanismech jeji evoMeomzstvi a délka
intrond, jsou znang variabilni v ramci gein v genomu jednoho organismu, iigpgenomy éiznych organisiin
(Tab. 1.8), ale také n#&p homology v genomechiznych organisrin (Haugeret al. 2005). O dvodech, které k
tomu vedou nepanuje vSeobecna shoda.

Diive bylo gedpokladano, Ze introny a jiné nekddujici sekvgaoa bez funkce, v minulosti slouzily
jen jako matrix pro vkladani duplikovanych biokekvenci kédujicich domény protéia umoznily tak rychly
vznik celych proteinovych rodin (Gilbert et al. B8 Nicmér, u eukaryot je zhrubaépna az étvrtina
nekodujich sekvenci sinkonzervovana a jejich vyvoj odpovida spiSe mufelpro evoluci kddujicich
sekvenci, i kdyz tlaky na zachovani struktury js@tsi (Bergman et Kreitman 2001). Navic poziady introrii
jsou napi¢ eukaryoty velmi konzervovany (Rogozhal. 2003; de Roos 2007; Stajiehal. 2007), coz bychom
jen €zko aiekavali od nefunéniho Gseku DNA. Tyto evolin¢ staré introny se preferémé hromadi v 5° Useku
sekvence (Sverdlost al. 2004).

Vyznam introrii pro spravny pibéh translace a navazujicichjdl je dnes Siroce akceptovan. Specifické
mutace v #kterych intronech mohou #pobit poruchy transkripce a navazujicickjtg nebo Uplné zastaveni
piepisu genu (Vijayraghavaet al. 1986; Maxwell et Fournier 1995; Bergman et Kreitn2001; Mattick et
Gagen 2001; Giargt al. 2003).

Vyznam snad rive mit i ochrannd funkce intrdrproti tvorké RNA-DNA hybridi mezi nascentni
mRNA a gepisovanou DNA. Seshovy aparat vysthuje introny jiz Bhem transkripce a redukuje tak rychle
miru komplementarity mezi rodici se mRNA i@pisovanou DNA (Niu 2007). Existuji, ale i dalSiigpby, jak
prostoro¥ odctlit nascentni mRNA od templatu jako ffafBR-proteiny, nebo unikatni proteinovy komplex
TREX nachazeny 8. cerevisiae (Reed et Cheng 2005; Li et Manley 2006).

Tab. 1.8Poget introni na gen u vybranych organisni (upraveno dle (Jeffares al.
2006; Koonin 2006; Stajickt al. 2007))

Leihsmania major; Giardia lamblia ~0
Encephalitozoon cuniculi 0.0075
Saccharomyces cerevisiae; Candida albicans 0.047
Schizosaccharomyces pombe 0.96
Neurospora crassa 1,8
Aspergillus nidulans 2,7
hmyz 2-3
rostliny ~4
Cryptococcus spp.;Phanerochaete chrysosporium 5-6
Cenorhabditis spp. 5-6
savci 7-8
clovek 8,4
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1.5.2 Co ovliviuje pocet a délu introni v genu?
V rozporu s pedstavami o Uspornosti a rychlosti transkripced#ezistni, Ze u evoléné konzervovanych gen
(vétSina z nich je i vysoce exprimovand) dochazeloibghu evoluce k akumulaci intrdn(Carmelet al. 2007).
Ve skuté€nosti spiSe nez ke ztratdm intbodochazi z ekonomickychidodi k jejich zkracovani u sith
exprimovanych gel) navic méw exprimované a tkiové specifické geny maji vySSi naroky na precisni lagu
a tudiz i v pimeéru delSi sekvence intrdr{Castillo-Daviset al. 2002; Pozzolet al. 2007; Racet al. 2010).
Dodaté&nymi faktory, které prawtpodobré moduluji délku introi je intenzita rekombinace, ktera je
odliSna v zavislosti na konkrétnim chromozomu a&ledosti od centromer a telomer (Carvalho et C1£89;
Comeron et Kreitman 2000; Prachumwbal. 2004) (Bartolomét al. 2002; Rizzoret al. 2002). Roli niize hréat
i architektonika usp@dani chromatinu a interchromatinového kompartmengéice. Silré prepisované geny
(euchromatin) jsoudtSinou alokovany v oblastech pod jadernou membrd&odpovida rameim chromoson).
Interchromatinovy kompartment (enzymy) je efekjvwyuzivdn na omezeném prostoru a existuje tedy tia
mensi rozréry introni v transkrigné aktivnich oblastech a wstnani aktive piepisovanych geh do
omezenych oblasti. Mensi tlak na razynintroni je snérem od jaderné membrany do centra jadra (Prachumwat
et al. 2004).
Porgkud vyjimeinou pozici ma prvni intron, jehoz délka vykazujgvatsi variabilitu napic geny, a ve
kterém setasteji nachazi regulai elementy (Majewski et Ott 2002). Jeho velik@stgsto ¥tSi a narozdil od

velikosti ostatnich intrainpozitivreé koreluje s Grovni exprese genu (Martial. 2005; Hughest al. 2008).

1.5.3 Mechanismy ziskani a ztraty introé

Mechanismy ziskani a ztraty intiomejsou uspokoji& objasgny. Negastji akceptovany model ztraty intrén
zahrnuje homologni rekombinaci mezi cDNA (vzniklbumRNA revezni transkripci zaj&tou pravdpodobré
retrotranspozony) a genomickou DNA (Roy et Gill®505). Proti ztratdm intrdnnaopak psobi vySe uvedené
funkeni viastnosti introft a prevladajici "exon definition" varianta rozpoznav&estinovych mist (viz nize).
Jako mozné cesty ziskani introniichazeji v Gvahu inzerce transpozonu, transpozidstugiciho intronu,
tandemova genova duplikacggepos intronu mezi paralogyfipadré intronalizace sekvence exonu (Roy 2004;
Irimia et al. 2008; Roy et Irimia 2009). Vyznamnou rolii iskavani i ztratach intrénmaji pravépodobré
repar&ni mechanismy dvdetzcovych zloni DNA (Farlow et al. 2011; Ragg 2011). Tyto mechanismy se
spolu s genovou konverzi s n&®i pravaépodobnosti podilely na ziskani a ztratach intrpozorovanych u
roduAspegillus (Zhanget al. 2010).

eukaryot (tzv. "intron late" nebo "intron earlyarie) se fesunuly do jiné roviny. Majorithje dnes fjiman
nazor, ze fedek eukaryot ¥ genom bohaty na introny (de Roos 2007; Stagtll. 2007; Koonin 2009).
Velmi nejednotny je nazor na to jaké procento imirse dostalo do genomghem dalsi evoluce.

Jedna ze s@asnych hypotézipdpoklada, ze &Sina introrfi se do genomu dostal&hem rané faze
eukaryogeneze. Tato rozsahla invaze intrgndavana do souvislosti s endosymbi6zou, kteta dzniknout
mitochondiim. V naivnich hostitelskych itkach se rychle &ly retroelementy, které s seboufinesl
endosymbiont. Hostitelskd tka nentla v té dol efektivni mechanismy pro limitovani §o tchto
retroelement, a proto jeji peziti zaviselo na vyvinuti efektivnino mechanisnmistodgiovani této "sobecké"

DNA. Mozné disledky byly dalekoséahlé. Ve snaze slitdranskript obsahujici introny od ribozdmvyvinula
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se Udaj kompartmentace jadro-cytosol a spliceosomalni &gdakalizovany v jate. DalSimi dsledky snad
bylo vyvinuti systému kontroly kvality transkripfnonsense-mediated decay) a translatu (signalizaloZzena
na ubikvitinu). Rekombinaci mezi t&a identickymi introny na vzdalenych mistech genomeohlo mit za
nasledek desintegraci cirkularniho genomu do podiolegrnich chromosoin(Koonin 2006; Martin et Koonin
2006; Koonin 2009).
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1.5.4 Specifika introni hub

Introny hub maji dkterd specifika oproti ostatnim eukaryot FredevSim jsou v porovnani s ostatnimi
skupinami kratSi. Délka&Siny introni negesahuje rozmezi 50-100 nt. Vyjimku &. cerevisiae s genomem
chudym na introny (Tab 1.8), které magitSinou délku mezi 200-500 nt (Hawkin 1988; Kupétral. 2004).
Rozdily v dlce intromi hub a vySSich eukaryot se zdaji byt uspokojiyswtleny rozdilnym mechanismem
rozpoznavani seghovych mist u "vySSich" a "nizSich" eukaryot. \éanty, kdy sesthovy aparat nejprve hleda
sestihova mista v exonu ("exon definition"), fasgjSi u vySSich eukaryot. Naopak u niznich eukarption
sam slouzi jako rozpoznavana jednotka (“intronniédin"), ve které jsou ulozeny elementy rozpozméva
sestihovym aparatem (Collins et Penny 2006; Hertel 200B"exon definition" varianty, rozény exonu ¥tsi
nez 300 nt inhibuji seskupeni spliceosomu, exony B&0 nt dokonce vyra#nzvySuji pravépodobnost
nerozpoznani exonu (exon skipping). Naproti tormtrdin definition" varianta neovliiuje délku exon, ale
limituje délku introrii. To by mohlo byt dvodem, pré u nizSich eukaryot nachazimgepazi rozlehlé exony
lemované kratkymi introny a naopak u obratliokeatké exony ferusované dlouhymi introny (Hertel 2008; Niu
2008).

V fiSi hub silg dominovala ztrata intrdnv pribéhu evoluce, v &kolika liniich dokonce nezavisle
doslo k téndf Uplné ztrat introni. U S cerevisiae mize byt tento fakt fi¢itan jinému mechanismu odsicvani
intrond nez u ostatnich eukaryot. NaviétSina introri, které v genuS cerevisiae preckavaji, pini funkci
promotoru, nebo snRNA (Juneetial. 2006).
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2. METODIKA

2.1 Zdroje materialu

Zdrojem kme# Aspergillus bylaiada lék#éskych pracovi§ a sbirek kultur hub (oficialnich i osobnich staéih
shirek). Hlavni zdroje izolatjsou uvedeny v Tabulce 2.1. &klinickych izolati probihal v letech 2007-2011.
Kmeny z jinych zdraj byly ziskany v letech 2009-2011.

Tab. 2.1Hlavni zdroje izolata (zahrnuty jen institice/osoby, které poskytly viez 10 izolat)

Shirka kultur hub (CCF), katedra botanik§FRJK v Praze RNDr. Alena Kubatova, CSc.
Ustav pidni biologie AVCR a Sbirka mikroskopickych hub UPB (CMF

3 o RNDr. Alena Novékové, CSc.
ISB); Ceské Budjovice

Mykologicka laboratb dermatovenerologické kliniky VFN a 1.LF FVL; .
Doc. MUDr. Skdepova, Csc.

Praha

Laboratd parazitologie a mykologie, Nemocni€eské Budjovice MUDr. Nal’'a Mallatova
Oddkleni klinické mikrobiologie, Pardubicka krajska neenice MUDr. Karel Mencl, CSc.
Zdravotni Ustav se sidlem v Praze RNDr. Pavlina Lyskova
Stéatni zdravotni Ustav, Centrum hygieny potravirobuMgtézci, Brno MVDr. Vladimir Ostry, CSc.

Ceska sbirka mikroorganign{CCM), RF Masarykovy Univerzity, Brno Ing. Monika Laichmarig Ph.D.

2.2 Kultivace, rozdéleni do morfotypii a uchovavani kultur

Kmeny byly kultivovany ve tié pii teplot 25 a 37 °C (izolaty sekdeumigati byly testovany ve schopnostist

az @ 50 °C) na médiich dopotavanych k determinaci vifsluSnych monografiich (Klich 2002) (Raper et
Fennell 1965; Samsoet al. 2004) - malt extract agar (MEA), Czapek Dox agaFZA), Czapek yeast agar
(CYA), sachar6zovém agaru s kreatinem (CREA). Z#stusekciAspergillus a Restricti se zvySenymi naroky
na osmotickou tenzi substratu byli kultivovani nadiich CY20S a M40Y (Raper et Fennell 1965; T zeteal.
1990).

Rozdtleni kmer do morfotyli na zéklad vzhledu kolonii na vySe uvedenych médiich a
mikromorfologie bylo provedeno na pracovisti katedvotaniky RF UK v Praze. Fotodokumentace byla
provedena na mikroskopu Olympus BX 51 s fazovym embrského kontrastem vybaveny digitalnim
fotoaparatem.

K dlouhodobému uchovavani byly kultury ulozeny wddei (asi 4 °C) na dvojici Sikmychag
(standardé MEA a CYA; kmeny ze sekdhspergillus a Restricti na dvojici MEA a M40Y).Rada izolat byla
uloZzena do Shirky kultur hub (CCF - Culture Coliestof Fungi) na kate@ botaniky BF UK v Praze, kde jsou

uchovavany jako zivé kultury, nebo jako lyofilizaty
2.3 Izolace DNA

DNA byla izolovana ze 7 dni starych kultur kogr@rsadou Microbial DNA Isolation Kit (Mo-Bio Labawaries,

Inc.) postupem shodnym s instrukcemi vyrobce. Kalatkvality izolované DNA byla zp@tku provadna na
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spektrofotometru Nanodrop ND-1000, pégdiylo od této kontroly kuli konstantnim vysledkm upusgno.
VétSina DNA byla izolovana RNDr. Miladou Chéttbvou (za coz ji jestjednou @kuji).

2.4 PCR-fingerprintova metoda s primerem M13-core dypizace do druhu

PCR reakce s nizkou teplotou annealingu s jedinyligomukleotidovym primerem M13-core (5'-
GAGGGTGGCGGTTCT-3") byla pouzita pro nalezeni zasiutznych druli uvnitt morfotypl (zde zejména
vyuzito u nejpdetnsjSi sekceFumigati). Primer M13-core vykazuje konsta#tdobrou rozliSovaci schopnost na
Urovni druhu uady rodi hub (Gadkaet al. 1997; Graseet al. 1998; Zhotet al. 2001).

18,5ul reakéni smési obsahuje:

deionizovana KD 8l
dNTP’s (2 mM) 2 ul
MgCl, (25 mM) (Promega Corp., Madison, WI) up
primer (10 pM{u) 2l
DynaZyme pufr 10x (Finnzymes Qy) 12
DynaZyme polymeraza (Finnzymes Oy) Q5
DNA 2.l

Amplifikace byla provedena v termocykleru MasteteycGradient (Eppendorf) s nasledujicimi
parametry: 94 °C/3 min, 52 °C/1 min, 65 °C/3 mix)145 °C/40 s, 52 °C/1 min, 65 °C/3 min (35x%) 0w
°C/40 s, 52 °C/1 min, 65 °C/10 min (1x). Produkigybzviditelnény na gelové elektroforéze (standard velikosti
ABgll, elektroforeticky pufr TBE, 2 % agar6zovy gelaneseny 2-3l produktu, délka &u cca 2 hodiny ifp
130V) .

2.5 PCR amplifikace a sekvenace

Reakini smés (viz nize) byla amplifikovana v termocykleru Marstycler Gradient (Eppendorf) v nasledujicim
rezimu: 95 °C/3 min, 55 °C/30 s, 72 °C/1 min (199,°C/30 s, 55 °C/30 s, 72 °C/1 min (30x) and 980G, 55
°C/30 s, 72 °C/10 min (1x).

25 ul reakéni smési obsahuije:

deionizovana KD 15l
dNTP’s (2 mM) 2,5ul
DynaZyme pufr 10x (Finnzymes Qy) 45
primery (10 pMpl), kazdy 2ul
DynaZyme polymeraza (Finnzymes Oy) Q5
DNA 1l

Pri ocekavané délce fragmenpiesahujici 1500 bp byla faze elongace prodlouzena manuty. Ri

nedostaténé specifi¢ reakce byla s#$ amplifikovana v teplotnim gradientu. U "slabygirbdukii byl patet
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cykli prodlouzen na 35-40. Kramuvedenych chemikalii byla u obt&mmplifikovatelnych vzork pouzita

Platinum® Taqg DNA Polymerase (Invitrogen, USA)ifsjusSnym pufrem. DalSi modifikace reak snesy
zahrnovaly PCR enhancery - betain (1,5 Mil2a Ukor vody), DMSO 2 % (DUCHEVA Biochemie;2 na

Ukor vody). Purifikace a sekvenovani bySeny servish(Macrogen Corp., Jizni Korea; Macrogen Europe,

Holandsko). Sekvenace byla provedena koncovyipagdre i vnittnimi primery.

K amplifikace fragmerit geni benA, caM, rpb2 alTS oblasti byly pouzity primery a jejich kombinace

uvedené v Tabulce 2.2 (¥ipadt genu benA a jeho paralogu tubC byly pouzity hoavrzené primery - viz

vysledky). Identita izoldit byla u€ena na zaklatishody se sekvenci typového kmertisipSného druhu uloZzené

v databazi GenBank.

Sekvence uloZzené do databaze Genbank v této paacupvedeny v Tabulce 3.1.

Tab. 2.2Primery pouzité k amplifikaci genii benA caM, rpb2 a ITS oblasti

gen forward primer

reverz primer

benA T1 (AACATGCGTGAGATTGTAAGT)
Bt2a (GGTAACCAAATCGGTGCTGCTTTC)
T10 (ACGATAGGTTCACCTCCAGAC)
T12 (AACAACTGGGCCAAGGGTCAC)

T2 (TAGTGACCCTTGGCCCAGTTG)

Bt2b (ACCCTCAGTGTAGTGACCCTTGGC)
T22 (TCTGGATGTTGTTGGGAATCC)

T222 (GACCGGGGAAACGGAGACAGG)

caM CF1L (GCCGACTCTTTGACYGARGAR)
CF1M (AGGCCGAYTCTYTGACYGA)
cmd5 (CCGAGTACAAGGAGGCCTTC)

CF4 (TTTYTGCATCATRAGYTGGAC)
cmd6 (CCGATAGAGGTCATAACGTGG)

rpb2 fRPB2-5F (GAYGAYMGWGATCAYTTYGG)

fRPB2-7cR(CCCATRGCTTGYTTRCCCAT)

ITS |ITS1(TCCGTAGGTGAACCTGCGG)
ITS5 (GGAAGTAAAAGTCGTAACAAGG)
ITS1IF (CTTGGTCATTTAGAGGAAGTAA)

ITS4 (TCCTCCGCTTATTGATATGC)

ITS4S (CCTCCGCTTATTGATATGCTTAAG)
NL4 (GGTCCGTGTTTCAAGACGG)

LR6 (CGCCAGTTCTGCTTACC)

2.6 Navrhovani primeri

Primery navrzené pro amplifikaci gebanA/tubC byly navrzeny na zaklgdsekvenci ziskanych z genomickych
projekii Aspergillus (viz Tab. 1.3). Sekvence byly alignovanymé v editoru Bioedit 7.0.5.3 (Hall 1999).
Konsensualni sekvendenA respektiveubC gen Aspergillus spp. ma v cilenych oblastech jen gond kratké

konzervativni Useky (15-20bp) specifické pro kazlyparalog, a proto byly primery navrhovany due.

Zakladni parametry prim&érjako moZnost tvorby diméy vlasenky, dinnost primed, "teplota tani" (T,) a

vzajemna kombinovatelnost byly testovany v prografPtimer3 (http:/frodo.wi.mit.edu/primer3). DalSi

generace primérbyla navrzena se zahrnutim gamplikofanych fragmefit

2.7 Kontrukce fylogenetickych stromu

Pro sestrojeni fylogenetickych strofkladogrant byly sekvence fislusného genu alignovany za pouziti

algoritmu ClustalW (Thompsoet al. 1994). Vlastni strom byl sestrojen za pouziti rdgt®inimum evolution

zahrnuté v programu MEGAS5 (Tamusgal. 2011).
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2.8 Analyza codon usage
Charakteristiky operujici s codon usage (viz Tal@) byly pro g-tubulinové paralogy testovany v programu

CodonW (J. Peden; http://codonw.sourceforge.net).

2.9 Statistické zpracovani dat
Statistické testovani hypotéz bylo provad v programu PAST (Hammetal. 2001).
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3. VYSLEDKY

3.1 Diverzitné-taxonomicka ¢ast

3.1.1 Diversita izolati uchovavanych véeskych shirkach mikroorganismi

Celkow bylo molekulanimi metodami studovano 349 izbldspergillus. PCR-fingerprintovA metoda s
primerem M13 (Obr. 3.1 a 3.2) se ukazala byt velimbdnym nastrojem pro typizaci do druhu u izblat
fazenych ke stejnému morfotypu (Skeg@evsim o nejvice zastoupené sekce fakmigati, Nidulantes a Flavi).

Rozeznatelna pattern prouz#lohe odpovidala s@asnému druhovému koncepigpergillus.

Fumigati

standardy kmeny A. fumigatus

T

Obr. 3.1 Priklad fingerprintu ziskaného po amplifikace s prniema M13 u zastupcsekceFumigati. Jako

standardy byly vybranyitve osekvenované druhy ze stejné sekce.

Nidulantes

standardy kmeny A. sydowii

standard A. sydowii

Obr. 3.1 Priklad fingerprintu ziskaného po amplifikace s pnieva M13 u zastupcsekceNidulantes. Jako

standardy byly vybranyitl/e osekvenované druhy ze stejné sekce.
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Na zaklad sekverinich dat ze 4 lokusbylo mezi 349 izolaty identifikovano 82 taxonélezejich do
14 sekci (podle Peters@hal. (2008) a Vargat al. (2010)), které spbji kritéria druhu dle GCPSR (Avise et
Ball 1990; Dettmaret al. 2003; Dettmaret al. 2003; Dettmaret al. 2006). VSechny izolaty spolu s definitivnim
uréenim, substratem, ze kterého byly izolovany, |d&alia gistupovymicisly k sekvencim v databazi GenBank
jsou zanesena do Tabulky 3.1. Druhovéeni a pdet izolati kazdého taxony jsoutghled@ shrnuty v
kladogramu na Obr. 3.3.

Mezi zmirenymi 82 taxony bylo identifikovano 8 zcela novyatuldi (viz dalSi podkapitoly), jedna
nepopsana teleomorf&Eyrotium sp. teleomorfa odA. proliferans) a fada druli, které byly v minulosti
zaregistrovany, ale zatim nemaji jméntippdré maji jméno neplatné, a proto nemohly byt pojmengv#lezi
takové pipady pati izolaty ozn&ené jakoA. viridinutans V1-V3 (viz kapitola 3.1.3.2). Problematické jsou
izolaty oznaené jako A. flavipes' resp.Aspergillus sp. 'flavipes'. Jak bylo zjis&¥no (Peterson 2008), doiia
teleomorfa druhuA. flavipes - Fennellia flavipes, je samostatny druh, proto je jméio flavipes neplatné.
Aspergillus sp. 'flavipes’ CCF 4005 (shodny s kmenem NRRL 295 z Peterso08R0je nepopsany druh
morfologicky gipominajici A. flavipes. Izolaty ozn&ené jako A. versicolor" reprezentuji kmeny shodné s
NRRL 227 a 4642, ktery jsou sesterskym nepopsamatmesin kA. versicolor (Peterson 2008). Tyto kmeny byly
v této praci ve vyraznéipvaze oproti kmeim, které je mozné oztia za A. versicolor s. str (viz Tab. 3.1).
Kmeny zng&ené jakoAspergillus sp. 'petrakii” jsou kmeny, které morfologickyfipominajiA. petrakii. Typovy
kmen A. petrakii byl na zaklad sekvernich dat ztotoz¥n s A. ochraceus, proto je druh neplatny a linie
reprezentovana kmeny jako NRRL 4748 a 4@8&@ na popsani (Peterson 2008).

Vyznamné je fispeni prace ke znalostem o ekologii dbytkteré byly popsané v nedavné dafa
zakladt nizkého pétu izolati (A. novofumigatus, A. fumigatiaffinis, A. piperis, A. keveii, aj.), nebo byly od dob

sveho popisu nalezeny jen velmi vza¢Eu. costiforme, A. insulicola, A. cretensis, A. conicus, A. amylovorus,

aj.)

Obr. 3.3 Kladogram shrnuijici druhovou diverzitu 349 analyauych izolah Aspergillus (82 druti). Cisla
reprezentuji péet zachyceni daného taxonu v datasetu, dale jeomméia [FisluSnost k sekcim. Kladogram
zaloZzeny na oblasti ITS (vyzéeno je¢islo kmenu, ze kterého byla pouzita sekvence); deetidlinimum
Evolution, bootstrap 300 opakovanig¢dnastavené parametry; MEGADS).
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A. sp. Fumigati -3 F43
A. sp. Fumigati 2 F42
N. glabra CCF 2347
N. hiratsukae 3988

A. igatiaffinis CMF ISB 1942
A. fumigatus CCF1187
iqati 1 CCM. 8003
L N. quadricintaCCF 4004

A.lentulus CCF 3901
A. novofumig atusCCF 4078
A.viridinutans V1, V2 CCF 4002
A. viridi nutansV3 CMF ISB 1977
N. laciniosa CCF 1734

N. CMF ISB 1972
’7 A. kanagawaensis CCF 3945

66| [ A.clavatus CCF 2447
92l A giganteus CCF 1878

D. cejpii CCF 1661
tritici CCF 3853

ﬂ

A.
A. candidus CCF 3996
85 A. tamarii CCF 107

5 A.nomius CCF 3137
A.flavus CCF 3989
A. parasiticus CCF 114
A. alliaceus CCF 135

82| Aspergillus sp. ‘flavipes’ CCF 4005

99 “A flavipes’ CCF 4031
A.iizukae CCF 1895
82 A.cameus X1
% A.terreus CCF 3389
80 A. aureoterreus CCF 2911
SQI: A. wentii CCF 3365
A. dimorphicus CCF 1871
A. iseriatus CCF 4001

0 100 — A. penicillioides CCF 2666

A sp RESI[.CI. -1CCF 3112
* 99| A.restrictus CCF 3364
67 A. conicus 387
Eu. costiforme CCF 4097
Eu. intermedium CCF 127
Eu. chevalieri CCF 3211
Eu. amstelodamiCCF 3998
100 Eu. repens CCF 4011
P Eu._sp. Aspergillus -1 CCF 4098
Eu. rubrumCCF 3464
Eurotium sp. ‘proliferans”
Eu. niveoglaucum F-530
A. versicolor CCF 3690
A. sydowii CCF 3621
“A versicolor CCF 3994"
A. spelunceus CCF 4000
99l A. aureolatus CCF 2474
Em. variecolor CCF 4093
Em. nidulans CCF 3376
Em. rugulosa CCF3089
A.unguis CCF 3949
A.amylovorus X2
A.keveii CCF 2596

7

A.insuetus CCF 3995
A. calidoustus CCF 3755
1 |~ A.puniceus CCF 2710
8l A. sp. Usti1 U6
95| A.insulicola CCF 3902
L A. cretensis CCF 2030
‘A. fresenii CCF 4008
76 L A sclerotiorum CCF 3431

51 \;AA persii CCF 3987
53 A. westerdijkiae CCF 4007
o1 Aspergillus sp. ‘petrakii” CCF 1893
ochraceus CCF 3920
. carbonarius CCF 3388
. brasiliensis CCF 3991
. niger CCF 3990

. tubingensis CCF 1297
.acidus CCF 3984

plperis CCF 661

A. japonicus CCF 4079

A. aculeatinus F596
A.aculeatus CCF 108

Byssochlamys nivea NRRL 32565
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| candidi

Flavi

Flavipedes
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Restricti
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Nidulantes
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Circumdati
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Tab. 3.1Pfehled revidovanych izolafi z klinického materialu a ¢eskych shirek fazeno abecedépodle sekci)

metoda pouzita k determinaci / GenBank accession mbert

&islo izolatu sekcédruh substrat lokalita* ITS benA caM rpb2 tubC  M13'
Aspergillus
CCF_1952 Eu. amstelodami krmivo Praha FR727111 FR775334
CCF_4071 kaze krku Praha FR839680 FR751449
CCF_3998 kaze krku Rakovnik FR727117 FR751447
CCF_4069 kaze paty Praha FR839679 FR775356
CCF_4070 nehet ruky Praha FR848825 FR775335 FR751442
| 237 nehet ruky Praha ITS benA caM
CB_41 sputum Ceské Budjovice M13
AK_139/97 stér z okenniho parapetu  Olomouc M13
M_240 zevni zvukovod Praha M13
CCF_4097 Eu. costiforme nehet nohy Ricany FR837960 FR837970 FR837974 FR837978
CCF_3211 Eu. chevalieri mlety kmin Brno M13
CCF_1663 pSenénd krupice Praha M13
CCF_1676 pSenénd krupice Praha M13
CCF_3291 ryze Brno FR727116 HE578085 HE578099  rph2
CCF_127 Eu. intermedium primyslovy material ?2((ina) HE507806 HE578100
F-530 Eu. niveoglaucum cesnek CR HE597806 HE578086 HE578092 HE578114
. . : Cueva del Tesoro
El jeskynni sediment (Sparelsko) ITS benA
CCF_4011 Eu. repens kaze zad _Praha FR839678 FR775358 FR751446 HE578111
CCF_4072 kuze trupu Ricany FR839684
|97 nehet nohy Praha
|_239 nehet nohy Praha
I 91 nehet ruky Praha
CCF_1454 puda Himalaje (Nepal) FR727113 FR775359
CCF_3283 plesnivé mydlo Praha FR727114  FR775360 HE578110
. . . Cueva del Tesoro
E3 jeskynni sediment (Sparslsko) M13
CCF_4104 Eu. rubrum nehet nohy Praha FR848826 FR848830
|_88 nehet nohy Praha HE557806 HE578087 HE578098
CCF_2920 slad Nymburk FR727112 FR775357 FR751444
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CCF_3464 textilie Praha FR727115

F-438 pep CR ITS

E2 Eu. sp. "proliferans" jeskynni sediment gs;?é%iclj? Maravillas ITS benA rpb2

CCF_4096 kuze dlar Praha FR848827 FR775375 rpb2

CCF_4115 nehet nohy BeneSov FR851850 FR851855 HE578090 HEG78

| 93 nehet nohy Praha HE577806 HE578076 rpb2
Eurotium <

CCF_4098 . nehet ruky BeneSov FR848828 FR837968 FR837973 FIR&37
sp. Aspergillus1
Candidi

CCF_488 A. candidus chodbiky lykozrout CR FR733811 caM

CCF_3962 nehet nohy Praha FR727138 FR751452

CCF_4029 netopyi trus Meziad cave (Rumunsko) FR733813 FR751424

CCF_3996 zevni zvukovod Praha FR727137 FR775325

CCF_1649 A. tritici mouka Praha FR733810 FR751427

CCF_3853 nehet nohy Praha FR727136 FR775327

SK 339 nehet nohy Praha caM

M_574 nehet nohy Praha M13

CCF_3314 ovzdusi Praha FR733812 FR751426

CCF_4030 vermikompost FrydekMistek FR733814 FR751425
Cervini

CCF_3945 A. kanagawaensis nehet nohy Praha FR733880 FR775332 FR837972 FRB3798
Circumdati

CCF_2030 A. cretensis puda ? (Makedonie) FR733835 FR775328

CCF_4008 A. fresenii zevni zvukovod Ostrava FR733823 FR851859 FR751420 E578108

CCF_3901 A. insulicola nehet nohy Praha FR733834 FR775320 FR732063

CCF_512 A. ochraceus ovzdusi Praha ITS benA

CCF_3920 sputum Ostrava FR733829 FR775371 FR732061

CCF_3987 A. persii nehet nohy Praha FR733836 FR851858 FR751419

CCF_3110 zad’ bytu Chocenicka Lhota FR733828 FR775366 FR732060E577832

CCF_4007 A. westerdijkiae kaze Praha FR733833 FR839686

CCF_4006 nehet nohy Polanka FR733837 FR775331

CCF_1870 A. sp. "petrakii” kukutice (Zea mays) Kutna Hora FR733831 FR775370 FR732062

CCF_4081 kaze Praha FR733832 FR775369

CCF_1893 ovzdusi jesky# Moravsky kras FR733830 FR775365 FR751429
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CMF_ISB_1744 A. sclerotiorum jeskynni sediment Altamira Cave (Spksko) ITS caM
CCF_3434 kukurice (Zea mays) Praha FR733825 HES577827
CCF_3431 kukutice (Zea mays) Praha FR733827 FR775367 FR732059 HE577830
CCF_748 neznamy ?(ina) ITS tubC
AK_147/04 pistacie Praha ITS benA
CCF_844 pramyslovy material ?2(ina) FR733826 FR775368 HE577831
Clavati
CCF_2447 A. clavatus kaze Plze FR733876 FR775374 HE577836
CCF_4084 povrchova fidni krusta Ralsko FR733878 FR775373
CCF_1878 A. giganteus pistéacie Praha FR733879 FR775339 HE577835
CCF_1661 D. cejpii zahradni pda Praha FR733877 FR775372
Cremei
CCF_4001 A. brunneouniseriatus jeskynni sediment %apséf‘érl‘jkro‘;e lbor Cave FR727121  FR775317
CCF_3365 A. wentii nehet nohy Velké Losiny FR727118 FR775319
CCF_1871 A. dimorphicus povrch listu Praha FR727119 FR775318 FR732057
CCF_1726 ovzdusi Praha FR727120
Flavi
CCF_135 A. alliaceus neznamy neznama HE537807 benA HE577820
V0124A A. flavus cernycaj Brno M13
Vo 115 détské obilna kase Brno ITS caM
VO159 hladka pSerina mouka Brno M13
|_555 nehet nohy Praha ITS
AK_128/07 nehet nohy Praha ITS
CCF_4035 nosni polypy Pardubice FR733818
Vo153; VO121 ovesné vioky Brno M13
CCF_3168 pSenénd krupice Brno ITS
M_902 sputum Praha caM
CCF_1288 vytér z krku Ribram FR733816 FR775346 HE577823
CCF_3989 zevni zvukovod Ceské Budjovice FR733815 FR851861
CB_44 zevni zvukovod Ceské Budjovice M13
ME_9872 zevni zvukovod Pardubice ITS
ME_44 zevni zvukovod Pardubice ITS
CCF_4074 zevni zvukovod Praha FR733822
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M_9: M_402;

M_404 zevni zvukovod Praha M13
CCF_3137 A. nomius pida f&’ﬁ;-;f)ma"’ Pahang FR733821
CCF_1308 A. parasiticus dulni Sachta Hbram FR733820 FR775333 FR751450 HE577821
CCF_106 neznamy ?(ina)
CCF_114 neznamy neznama ITS caM
CCF_1602 A. tamarii jidlo Praha FR733819
CCF_107 neznamy neznama FR733817 benA FR751448 HE577819
AK_141/08 potraviny Brno ITS
CCF_3361 zeleny sékovy ¢aj Praha ITS caM
CCF_4092 zevni zvukovod Praha FR837964 FR839685 FR751459
CCF_3874 zevni zvukovod Praha FR851849 FR851856
M_109 zevni zvukovod Praha M13
Flavipedes
. . FR775336 ;
CCF_1895 A. iizukae vysypka Most FR727134 HE577840 HE577839
CCF_4032 vysypka Cottbus (Bmecko) caM
CCF_4033 vysypka Most FR733809 benA
CCF_4031 "A. flavipes" puda Ardales cave (Spésko) FR733808
CCE 4005 Aspergillus sp. dusi . d <lové b
= "flavipes" ovzdusSi nemocnice Hradec Kralove FR727135 benA
Fumigati
T . . & HE57805
CMF_ISB_1942 A.fumigatiaffinis puda Malaga (Spattsko) 9 HE578074 HE578096 HE578104
F35 puda vysypky Wyoming (USA) HE578083
CB_28; CB_49 A. fumigatus BAL Ceské Budjovice M13
M_73 BAL Praha M13
CB_1; CB_3; CB_5;
CB_6; CB_9;
CB_19-21; CB_20; bronchalni sekret Ceské Budjovice M13
CB_36; CB_38;
CB_39; CB_43;
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CB_48; CB_50
KL_462

I_449

CCF_3884
CMF_ISB_1774
M_356

CB_37

|_282

| 14271

CB_10

I_3019

ME_695

CB_31

CB_11; CB_46
CCF_3522
_13;1_14;1_18
CB_7;CB_30
CCF_3623
CB_22;CB_35
|_24

1341Dob

M_227; M_343;
|_4136; |_844;
M_236; M_238;
I_14;1_29; PL_15
CCF_3384
CB_2;CB_4;CB_8;
CB_16-18; CB_23-
25; CB_29; CB_32;
CB_33; CB_40
ME_43; ME_1834;
ME_202

KL_188; KL_220;
KL_401; KL_523;
KL_504

AK_78/08

CB_26

|_15-17

AK_70/01

bronchalni sekret
bronchélni sekret
jaterni punktat
kompost

krev

mozkova tké&
nehet ruky

nosni polypy
oper&ni rana
oper&ni rana
pleuralni punktat
pleurdlni punktat
plicni biopsie
plicni biopsie

popaleninyitetiho stup

rana po Urazu
sinus maxillaris
sinus maxillaris
sinus maxillaris
sinus sphenoidalis

sputum

sputum

sputum

sputum

sputum

téstoviny
trachealni aspirat
trzné rdna

vytér pochvy

Kladno
Praha

Banska Bystrica (Slovensko)

Ceské Budjovice
Praha
Ceské Budjovice
Praha
Pardubice
Ceské Budjovice
Praha
Pardubice
Ceské Budjovice
Ceské Budjovice
Vratimov
Pardubice
Ceské Budjovice
Olomouc
Ceské Budjovice
Pardubice
Sedhst

Praha
Hradec Kralové

Ceské Budjovice

Pardubice

Kladno

Brno

Ceské Budjovice
Pardubice

CR
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ITS

ITS

FR837958

ITS

FR733867

ITS

benA
FR775352
caM
FR775354
caM

M13
M13
13v

M13
M13
M13
M13
M13
M13
M13
M13
M13

M13
M13

M13
M13

M13

M13

M13

M13

M13
M13
M13



CCF_1187
CCF_1292
CCF_1293
M_237; M_256;
M_261; M_354

ME_6; ME_10682;
ME_32; KOLF_35

42_CB
CCF_3902

CMF_ISB_1969
CCF_4089
CCF_4059

CCF_4078

CCF_4002
CCF_4003

F39
CMF_ISB_1936;
F49

F47
CMF_ISB_1975

CMF_ISB_1977

F9; F10; F12; F24;

F31; F53; F60
CMF_ISB_1974
CCF_2347
CCF_4102
CCF_3988

| 98

CCF_3544

CCF_1734
CCF_4004

. lentulus

. hovofumigatus

. viridinutans V1

. viridinutans V2

. viridinutans V3

. glabra
. hiratsukae

. laciniosd”
. quadricincta

vytér z krku
vytér z krku
vytér z krku

zevni zvukovod

zevni zvukovod

zevni zvukovod
BAL

puda

sputum
sputum, pleuralni
punktat

puda

pudni krusta
halda po &zhe
puda

puda

ovzdusi jesky#
puda

puda

puda

puda

sediment, peloid

BAL
nehet nohy

nehet nohy

pasterizovany jabtay

most
zahradni pda
téstoviny

Praha
Ribram
Ribram

Praha

Pardubice

Ceské Budjovice
Olomouc

Wyoming (USA)
Praha
Praha

Castafar de Ibor Cave
(Sparslsko)

Chvaletice
Markovicky
Wyoming (USA)

Wyoming (USA)

Qruta de la Maravillas
(Sparklsko)

Wyoming (USA)
Wyoming (USA)

Wyoming (USA)

Wyoming (USA)
LaznBélohrad
Praha
Praha

Praha

Staikovice u Litongfic

Praha
Brno
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FR733868

FR733870

FR733869

M13
M13
M13

FR733864 FR775351 FR732056

HE547806 HE578078

FR837957 FR837971

FR839681 FR851852 FR751460

FR733874  FR775377 FR839688 HE578105
FR733865 FR775350 FR732055E57H825
FR733866 FR775349 HE577826
benA
M13
M13

HE537806 HE578084 caM rpb2

HE527806 HE578077 caM rpb2

ITS benA
ITS FR775353 HE577834
FR837959 FR837969 FR837975 FR837977
FR733873 FR775343 FR751435 HER28778

HE567806 HE578082
FR733872 FR751434

FR733875 FR751445

FR733871 FR775330 FR751428 HE577822



F2 N. udagawae puda Wyoming (USA) benA
CMF_ISB_1971 puda Wyoming (USA) benA
. . HE57806

CMF_ISB_1972 pada Wyoming (USA) 1 HE578075
CMF_ISB_1973 puda Wyoming (USA) benA
CMF_ISB_1970;
CMF_ISB_1976;
F7; F8; F14-21; F23;
F25; F28; F30; F32- puda Wyoming (USA) M13
F34; F36-F38; F40;
FA41; F44; FA5; FA8;
F50; F54; F58; F59;

Aspergillussp. voda s vysokym
CCM_8003 Fumigati-1 obsahem boritych ioft Dukovany ITS benA caM rpb2

Aspergillussp. , .
CMF_ISB_2151 Fumigati-2 puda Wyoming (USA) ITS benA caM rpb2

Aspergillussp. , .
CMF_ISB_2152 Fumigati-3 puda Wyoming (USA) ITS benA caM rpb2

Nidulantes
CCF_2474 A. aureolatus lepidlo Praha FR733843 FR775316
U9 A. spelunceus jeskynni sediment Wyoming (USA) ITS caM
CCF_4085 fr;‘(’):icsh boltceMyotis Stola Mala Amerika ITS FR775376  caM HE577838
CCE 4075 se’dlment keratinova Castanar de Ibor Cave FR733855

- navnada (Sparglsko)

CCF 4000 vzduch Ursilor Cave (Rumunsko) FR733854 FR775321
CCF_3621 A. sydowii bronchalni sekret Olomouc FR733840 FR775355
CCF_3691 kuze lokte Praha FR733845
ME_225; ME_1393 nehet nohy Pardubice M13
ME_1338 nehet nohy Pardubice ITS benA
|_458 nehet nohy Praha ITS
SK_211; SK_474;
|_144;1_146;1_210;
| 305 SK_346; nehet nohy Praha M13
SK_366
|_344 nehet ruky Praha M13
CCF_3622 sputum Olomouc FR733849
CB_47 zevni zvukovod Ceské Budjovice M13
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CCF_3997 zevni zvukovod Praha FR733852
M_76 zevni zvukovod Praha M13
CCM_8104 7aludek chvostoskoka CR ITS
CCF_3949 A. unguis nehet nohy Praha FR733842 FR775329 M13
CF_3690 A. versicolor nehet nohy Liberec FR733851 FR775337 FR751430
CCF_4058 nehet nohy Praha FR733838 FR775345 FR751437
|_445 nehet ruky Praha ITS
CCF_4073 A. sp. "versicolor" nehet nohy BenesSov FR733853 FR751441
CCF_3994 nehet nohy Praha FR733848 FR775340
|_342 nehet nohy Praha caM
| 21;1 65;1 72 nehet nohy Praha M13
CCF_4034 nehet nohy Hbram FR733839 FR775344 FR751436
|_440 nehet ruky Praha ITS benA
PL_63 stér rany (pes) Praha benA
R1054 vycpany ptak Opava benA
R1056 vycpany ptak Opava benA
CCF_840 Em. nidulans primyslovy material ?((ina) FR733841 FR751438
CCF_4064 sputum Pardubice FR733846 FR851853 FR751439
CCF_3379 zevni zvukovod Hradec Kralové FR733847 FR851854 TSR3l
CCF_3089 Em. rugulosa gg';g'rgﬁa kdaxilya — popa FR733850 FR775322  FR751440
CCF_4093 Em. variecolor nehet nohy Ri¢any u Prahy FR839682 FR848829 FR839687 HE578106
Nigri
CCF_3984 A.acidus Yerba mat&aj Praha FR727131 FR751413
CCF_3985 Earl grey sékovy ¢aj Praha ITS caM
CCF_3986 Earl greycaj Praha ITS caM
. . . HE57807
F-596 A. aculeatinus puda ? (Vietnam) 0 HE577809 HE578095
CCF_108 A. aculeatus primyslovy material ?({ina) FR727129 FR775311 caM HE577818
F-719 pert CR MEST80T HEs77810  HES78093 HE577816
CCF_3991 A. brasiliensis ovzdusi Castanar Ibor cave FR727133  FR775312
(Sparglsko)
. FR775314;
CCF_3388 A. carbonarius nehet nohy Ostrava FR727127 HE577803
CCF_4079 A. japonicus pida ? (USA) FR733805 HE577811 FR751423
I_250 A. niger nehet nohy Praha caM
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CCF_4067 nehet ruky Praha FR733807 FR751443
CCF_641 pramyslovy material ?(ina) FR727130 FR751417
AK_211/99 rozinky Brno ITS caM
CCF_3990 zevni zvukovod Pardubice FR727126  FR775364 FR751421
CCF_4068 zevni zvukovod Hbram FR733804 FR751414
CB_42 zevni zvukovod Ceské Budjovice M13
M_328 zevni zvukovod Praha M13
CCF_661 o L e FR775310;

A. piperis neznamy ?({ina) FR733803 HE577807 FR751415
CCF_2818 A. tubingensis neznamy Louny FR727132 HE577808 FR751416
CCF_4080 pida Hluboka nad Vitavou FR733806 FR751453
CCF_4086 sputum Ceské Budjovice FR751418
CCF_4087 sputum Ceské Budjovice FR851851 FR851860 FR751412
|_466 sputum Praha M13
CCF_1297 vytér z krku Ribram FR727128 FR775313 FR751422
CCF_4046 Aspergillussp. Nigri-1  mandle dovezené z USA CR EST80T  WEsT7B17  HESTB097  rpb2  HES77815

Restricti
F-387 A. conicus Je"’)‘(igloge”ho”e“a CR HE587806 HE578080  HE578091  HE578113
CCM_8349 A. penicillioides boty z Malajsie CR ITS HE578079 HE578094 HE578112
CCF_2666 plesnivé koZené boty Zlin FR727124  HE578081 HE52810 rpb2
CCF_3282 ¢okoladova tginka Praha FR727123  FR775347 HE578103

sklerocium
CCF_3364 A. restrictus Corallocytostroma Praha FR727122  FR775348 HE578101 HE578109
dovezené z Austrélie

CCF 3112 Aspergillussp. koZené boty £iny Praha FR727125 FR775323  FR751451

Restricti1

Terrei
X1 A. carneus pada prérie Wyoming (USA) ITS HE578088
CCF_3999 A. terreus bronchalni sekret Ceské Budjovice FR733882
CCF_4066 bércovy w¥ed Ceské Budjovice FR837961 FR775338
CB_13 bércovy ved Ceské Budjovice ITS
CB_15; CB_45 bércovy ved Ceské Budjovice M13
M_23; M_37 zevni zvukovod Praha M13
CCF_4065 nehet ruky Praha FR733881
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nehty nohy a filehla

CCF_3389 Kize Dolni BeneSov FR837962 FR775362 FR837976
CCF_3993 nehet nohy Praha FR837963 FR775363
|_559 nehet nohy Praha ITS caM
|_564 nehet nohy Praha caM
SK_276 nehty nohy Praha caM
CCF_55 neznamy neznama ITS benA caM
CCF_58 neznamy neznama ITS caM
CCF_57 neznamy neznama ITS caM
CCF_3315 ovzdusi Praha FR837967 FR775361
AK_276/05 prostedi nemocnice Olomouc ITS
CCF_2911 A. aureoterreus silaz MeInik FR837965 FR775342 FR751432
CCF_2539 sediment ? (Vietnam) FR837966 FR751433
Usti

Lo Gruta de la Maravillas
X2 A. amylovorus sténa jesky® (Sparsisko) ITS HE578089
CCF_4057 A. calidoustus BAL Praha FR751458
CCF_3755 mozkovy pseudoabsces Praha FR733859 FR775341

, Castanar Ibor cave
CCF_4076 puda (Spartlsko) FR733862

. Castanar Ibor cave
ui4 puda (Sparslsko) caM
CCF_4077 sediment Castanar Ibor cave FR733863

- (Sparglsko)
CCF_2775 sputum Praha FR733860 FR751457
F-414 technical oil CR ITS benA
CCF_3995 A. insuetus BAL Praha FR733861 FR851857 FR751455
. Cueva del Tesoro
ull organicka hmota (Sparelsko) benA
e Cueva del Tesoro
u7 ovzdusi jeskya (Sparslsko) M13
U3 ovzdusi jeskya _ZbraS(V)vske aragonitové caM
jeskyre

CCF_48 primyslovy material ?2((ina) FR733856 FR775315 FR751454
CCF_2596 A. keveii orna mida Kostomlaty nad Labem FR733858 FR775324 FR751456
CCF_2710 A. puniceus archivni material Praha FR733857 FR775326
U2 Aspergillussp. Usti-1  jeskynni sediment Gruta de la Maravillas ITS benA rpb2

(Sparslsko)
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Gruta de la Maravillas

U4 jeskynni sediment (Sparslsko) ITS benA caM rpb2
Ui2; u19 Aspergillussp. Usti-2  jeskynni sediment (Cgupea:/rglsdfol)Tesoro M13
ui17 organicka hmota (Cgupea:/rglsdfol)Tesoro ITS benA caM rpb2
ui16; U20 organicka hmota (Cgupea:/rglsdfol)Tesoro M13
U6 ovzdusi jesky# éupe;glsdke;)Tesoro ITS benA rpb2
B;EUS; U10; U12; ovzdusi jeskya éupe;glsdke;)Tesoro M13
uis zbytky svtky (Cgupe;r:lsdfol)Tesoro M13

Eu., Eurotium; Em., Emericella; D., Dichotomomyces; N., Neosartorya; BAL, bronchoalveolarni lavaz
*U kmeni izolovanych v zahrabti je v zavorce za lokalitourfslusna zerg u ¢eskych izolatu je uvedena jen lokalita
¥ Pokud je v potiku pro accession number vepsan symbol genu, takgemplifikovan, ale fisluSna sekvence nebyla uloZena do databdze GenBank

"Determinace byla provedena pomoci PCR-fingerpriétaonetody s primerem M13core

"Ackoliv je ve zde prezentované tabulce 3.3 vedeéraciniosa jako moZzné synonymui. paulistensis (Yaguchi et al. 2010), nepanuje na platnéisteplatnost taxainv komplexuN.
spinosa shoda (Samson et al. 2007; Peterson 2008); 2dd aeiniosa prezentovana jako platny druh
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3.1.2 Nepopsané taxony
V této podkapitole jsou prezentovany jen druhy pémaznamenané (kdybychoméfiali i nepopsané druhy,

.....

3.1.2.1 Sekcdspergillus(Eurotium spp.)

Rod Eurotium zahrnujefadu ekonomicky vyznamnych dniuhkteré se podili na znehodnocovani potravin a
krmiv konzervovanych vysuSenim a vysokou koncentsadi, nebo cukru. Jde také o vynamné producenty
mykotoxini

(Samsoret al. 2004; Pitt et Hocking 2009).8ina kmei typovych kmef platnych drull byla sekvenovéna v
praci Peterson (2008). Mezi izolaty pochazejicinklimického materialu se vyskytly dva izolaty (C@B97 a
CCF 4098), které nebylo mozno ztotoznit s zadnydogud popsanych a sekvenovanych dri#ro potvrzeni
byly ze zahrarinich sbirek objednany a sekvenovany kmeny zbylyampsanych druin (Tabulka 3.2). 1zolat
CCF 4097 se ukazal byt druhym znamym izolat&ostiforme (Obr. 3.4). Kmen CCF 4097 bude
pravdpodobrié nepopsany druh (Obr. 3.5)¢kmliv se zatim nepovedlo sekvenovat typovou poloEu
taklimakanense (k dispozici byla jen suSena polozka @8ea formaldehydem), které ale vykazuje podle
originalniho popisdadu morfologickych odliSnosti (Abliet al. 2001). Rt ze sedmi sekvenovanych typovych
polozek se ukazalo byt synonymnich k jiz popsanyahigm a reprezentuji proto neplatné taxony (Obr. 3.6).
Dale se povedlo izolovatyii kmeny totozné s typovym kmenefn proliferans (NRRL 1908), které ale twd

teleomorfu.A. proliferans byl veden jako jediny strikthanamorfni druh v sekdspergillus (Raper et Fennell
1965).

Obr. 3.4 Eurotium costiforme CCF 4098. Detail askospor (n&hp - foto z elektronové skenovaci mikroskopie
(SEM) (Alena Kubatova). &t i 25 °C na M40Y (dole) po 7, 14 a 21 dnech.
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Obr. 3.5 Eurotium sp. CCF 4097. Detail askospor (n&hadole vpravo) - SEM foto (Alena Kubatova). Koleni
na MEA (dole vlevo) a M40Y (dole vpravo) po 21 dnec
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E. herbariorum NRRL 117
88 | E. herbariorum NRRL 116 T
E. umbrosum NRRL 120
E. umbrosum NRRL 121
"J Edrotium “sp. * proliferans “E2” " T T
Eurotium sp. “ proliferans “ CCF 4115
Eurotium sp. “ proliferans “ CCF 4096
A. proliferans NRRL 19087
“E. rubrum“NRRL 71
“E. herbariorum* NRRL 114
Eurotium sp. “ proliferans “PL 93
E. echinulatum NRRL 1317
E. niveoglaucum NRRL 1277
E. medium NRRL 1247
“E. parviverruculosum CBS 101750™ <€——
E. niveoglaucum F-530

75

===

79

1
= ——

92 1E. costiforme CBS 1017497
E. costiforme CCF 4097
1 E. cristatum NRRL 4222
o7 E. chevalieri NRRL 78T
77 E. chevalieri CCF 3291
E. chevalieri NRRL 4755
E. intermedium NRRL 827

90

80

99

63

“E. heterocaryoticum NRRL A-13891™
E. amstelodami NRRL 907

E. amstelodami NRRL 25850
E. amstelodami CCF 1952

100 “E. tuberculatu m CBS 101748™ g——
4' E.rubrum CCF 2920
E. rubrum NRRL 527

E. tonophilum NRRL 51247
E. appendiculatum CBS 374.757

100
67

96

67 |I'E. aridicola CBS 1017461 <
85 E. repens NRRL 137
“E. fimicola CBS 101747 —
67 | “E. glabrum CBS 379.75™ D

E. repens CCF 4011

E. leucocarpum NRRL 34977
y E. xerophilum NRRL 6132

A. restrictus CCF 3364

0.02

100 "E. xerophilum NRRL 61317

Obr. 3.4 Vztahy mezi zastupci sekcAspergillus. Fylogeneticky strom zaloZzeny na gebanA; metoda

Minimum Evolution (MEGAS); bootstrap 300 opakovaBkkvence izolét ozna&enych téné pochézeji z této

prace, ostatni sekvence byly ziskany z prace Ret¢2908). Sipky vyznaiji taxony, které na zakladsekvenci

typovych kmef" budou synonymizovany s jiz popsanymi druhferBsované oramovani znaioje nepopsany

druh CCF 4098 a nepopsanou teleoméxfproliferans.
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3.1.2.2 Sekc&umigati

Sekce Fumigati obsahuje velké mistvi druhi, fada z nich ma slabou morfologickou podporu (velk&
fenoplasticita a fekryvajici se znaky), proto byla velkést druli popsana teprve nedavno az s nastupem
molekularnich metod (Balajeat al. 2005; Honget al. 2005; Samsoet al. 2007; Honget al. 2008; Yaguchgt

al. 2010). Sekce je vyznamndegevSim z hlediska patogenity velkéhaitpozastupt (Padhyeet al. 1994;
Guarroet al. 2002; Balajeest al. 2005; Vinhet al. 2009; Vinhet al. 2009). DruhyNeosartorya znehodnocuji
pasterizované potraviny diky jejich termorezisterifSamson 1989). &které druhy jsou téz producenty
vyznamnych mykotoxifh (Fujimoto et al. 1993; Samsomt al. 2007) a nebo naopak latek, vyuzivanych jako
Ié¢iva (Tomodeet al. 1994).

Situace kolem platnych drihje pongrné negehlednd, &oliv vétSina typovych polozek byla
sekvenovana. V databazi GenBank jsou draasto vedeny jen jakdleosartorya sp. Navic je stejny kmen
nezidka uloZen pod &kolika synonymnimi oznigenimi v jinych zahraghich sbirkach. Proto jako pdicku
piikladam tabulku, kde jsem se snazil zhodnotit¢asany pohled na platnosti neplatnost taxainv sekci a
uvadim i Bzr¢ se vyskytujici synonyma typovych polozek. Pro papovych druf je ugitym usnadénim i
vypsani pistupovychéisel k sekvencim tykajicim se typovych polozek (Ba).

Mezi zkoumanymi izolaty byly nalezeny 3 izolatyefé spiuji kritéria nového druhu. Vztahy izotak
dalSim drulim v sekci jsou znazoény na Obrazku 3.7. Ve vSechiipadech se jedn& o druhy, které nétvo
teleomorfu. Jedna se tedy dw druhy heterothalické, strikinanamorfni, nebo tvorba teleomorfytbe
vyZadovat specialni podminky. Distribuce anamotffiieterothalickych druhje také znazowma na Obr. 3.7.

V sowasnosti se k rozliSeni driatv sekciFumigati ukdzalo pouzitelné vyuzivat i maximalni teploty,
pti kterych jsou druhy schopnést (Balajeect al. 2007). Izolat CCM 8003 se od ostatnich zahrnutireini liSi
schpnostiiist pii 48 °C. Toho byl schopen jiz jefs. fumigatus (Tab. 3.4). Od nejblizSich drilse izolat CCM
8003 lisi gitomnosti tzv. "nodding heads" (zndmycW.wiridinutans) (Obr. 3.8).A. turcosus ma modrozelené
kolonie, narozdil od sle zelenych u izolatu CCM 8003. Typovy kmAnunilateralis CBS 126.56 ma ostnité
konidie narozdil od hladkych konidii kmenu CCM 8Q@8r. 3.9).

- b
Obr. 3.8 Aspergillus sp. CCM 8003; detail tzv "noddind heads". Fotlkeval (SEM; Alena Kubatova)
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Tab 3.3Platné druhy v sekciFumigati (zahrnuty i taxony popsané po roce 1990, které bylsynonymizovany)

Genbank accession number

druh ¢islo typového kmenu originalni popis
ITS benA caM RPB2 act

CBS 467.91; ATCC 16899; CBS
118.53; IFO 5821; IMI 16034; IMI

A. brevipesG. Sm. 51494; NRRL 2439; WB 4772; IBT (Smith 1952) EF669954  EF669812  EF669881 EF66974D092849
22571; WB 4078; IBT 22572; KACC
41135
CBS 481.65; ATCC 16900; IMI

o 172282; JCM 01735; IBT 23177;

A. duricaulis Raper & Fennell NRRL 4021: VKM F-3572: WB (Raper et Fennell 1965) EF669971 EF669827 EF6698HF669758 DQ094854
4021; KACC 41137

A. fumigatiaffinis S.B. Hong, Frisvad CBS 117186; KACC 41148; IBT N

2 Samenn 2703 (Honget al. 2005) AB299410  DQ094885  DQ094891 - DQ094865
IMI 016152; Thom 118; QM 1981;

. WB 163; CBS 133.61; NRRL 163; . .

A. fumigatusFresen. ATCC 1022: LSHB Ac71: NCTC (Fresenius 1863) EF669931 EF669791 EF669860 ERB697 -
982; KACC 41143

éé;“n”e‘l'ﬁ’atus"ar' eliipticusRaper &  ~pc 487 65 - NRRL 5109 (Raper and Fennell 1965 69089  EF669845  EF669915 EF669776 DQO94857

A. fumisynnematusy. Horie, Miyaji, oy 45577 (Horie et al. 1993) AB185274  AB248076 269968 - AB488769

Nishim., Taguchi & Udagawa

A. lentulus Balajee & K.A. Marr o KICC 41940 NRRL 35552 (Balajee et al. 2005) EF660960  EF669825  EF669895F66H756 DQO94873

A. novofumigatusS.B. Hong, Frisvad CBS 117520; IBT 16806; KACC N

el 41034 (Honget al. 2005) AB299411  DQ094886  DQ094893 - DQ094868

éétm“rs‘;onS“SS'B' Hong, Frisvad & =\ Acc 42001; IBT 27921 (Hong et al. 2008) - DQ53314 DQ534148 - DQ534179
CBS 126.56; ATCC 16902; IFO

. . 8136; IMI 062876; NRRL 577; QM

A. unilateralis Thrower 8163 WB 4366: WB 4779: [BT (McLennan et al. 1954) EF669997 EF669852 EF66992BF669784 DQ094847
3210; KACC 41140
CBS 127.56; ATCC 16901; IMI

A. viridinutans Ducker & Thrower  062875; NRRL 4365; WB 4081: WB (McLennanet al. 1954) EF661280  EF661252  EF661266 EF661238 DQ@I486
4782; WB 4365; KACC 41142

N. assulataS.B. Hong, Frisvad & =\ \cc 41601; 1BT 27911 (Hongt al. 2008) . DQ114123  DQ114131 - DQ534189

Samson
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N. aurata(Warcup) Malloch & Cain

N. aureola(Fennell & Raper) Malloch
& Cain

= N. indohii Y. Horie

N. australensisSamson, Hong &
Varga

N. coreanaS.B. Hong, Frisvad &
Samson

N. denticulataSamson, S.B. Hong &
Frisvad

N. fennelliaeKwon-Chung & S.J.
Kim

? = N. otanii Takada, Y. Horie &
Abliz

N. fischeri (Wehmer) Malloch & Cain

N. galapagensi$risvad, S.B. Hong &
Samson

N. glabra(Fennell & Raper) Kozak.
1989

N. hiratsukaeUdagawa, Tsub. & Y.
Horie

N. multiplicata Yaguchi, Someya &
Udagawa

N. nishimuraeTakada, Y. Horie &
Abliz

N. papuensisSamson, Hong & Varga
2007

N. paulistensisY. Horie, Miyaji &

CBS 466.65; ATCC 16894; IFO
8783; IMI 075886; NRRL 4378; QM (Raper et Fennell 1965)
7860; WB 4378; IBT 3028

CBS 105.55; ATCC 16896; IFO
8105; IMI 061451; MUCL 13579;
NRRL 2244; QM 1906; WB 2244;
IBT 3027; KACC 41204
CBM-FA-0934; IFM 52113

CBS 112.55; IMI 061450; NRRL
2392; IBT 3021; WB 2392; Warcup (Samsoret al. 2007)
SAl4

CBS 117059; KACC 41659; NRRL
35590; IBT 24945

CBS 652.73; KACC 41183

AF4 = CBS 599.74 = NRRL 5535 =
ATCC 24326 = KACC 41150 (A);  (Kwon-Chung et Kim
AF5 = CBS 598.74 = NRRL 5534 = 1974)

ATCC 24325 = KACC 41125 (a)
CBM-FA-912 (A); CBM-FA-913 (a)
- jen suSena polozka

CBS 544.65; ATCC 1020; DSM
3700; IMI1 211391; NRRL 181; QM
1983; Thom 4651.2; WB 181, IBT
3018; KACC 41182

CBS 117522; KACC 41935; IBT
16756

CBS 111.55; ATCC 16909; IFO
8789; IMI 061447; NRRL 2163; QM (Fennell et Raper 1955)
1903; WB 2163; KACC 41617
NHL 3008; CBS 294.93; NRRL
20819; IFM 47035; KACC 41127
PF 1154; CBS 646.95; IBT 17517;
IFM 46955

CBM-FA-910 (A); CBM-FA-911 (a)
- jen suSena polozka

CBS 841.96; IBT 27801
CBM-FA-0690; IFM 46585; CBS

(Fennell et Raper 1955)

(Horiet al. 2003)

(Hong et al. 2006)

(Horeg al. 2008)

(Takadeet al. 2001)

(Wehmer 1907)

(Honget al. 2008)

(Udagawa et al. 1991)
(Yaguchi et al. 1994)
(Takadaet al. 2001)

(Samsenal. 2007)
(Hte et al. 1995)
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EF669979 EF669835 EF6699(05F669766 DQ534112
EF669950 EF669808 EF6698HF669738 DQ094861
- AB488757 AB488765 - AB488774
EF669953 EF669811 EF669880 EF66974 DQ534141
AB299414 AY870758 AY870718 - 584116
- DQ114125 DQ114133 - DQ534181
EF669995 EF669850 EF669921 EF669782 DQ114128
EF669994 EU014108 EF669920 EF669781 DQ534121
_* _* _* _* _*
EF669936 EF669796 EF669865 EF669M®094863
- DQ534145 DQ534151 - DQ534190
EF669948 EU014107 EU01412DF669736 DQ534183
AB185257 AF057324 AY870699 * - DQ534184
- DQ114129 DQ114137 - DQEHI1
- _* _* _ _*
EU220280 AY870738 AY870697 - DQ534140
- AB488758 AB488766 - AB488775



Nishim.

? = N. laciniosa S.B. Hong, Frisvad & CBS 117721; NRRL 35589; KACC

Samson
N. pseudofischerB.W. Peterson

N. quadricincta(E. Yuill) Malloch &
Cain

= N. primulina Udagawa, Toyaz. &
Tsub

? = N. tsurutae Y. Horie 2003

N. shendaweilYaguchi, Abliz & Y.
Horie

N. spathulataTakada & Udagawa

N. spinosa(Raper & Fennell) Kozak.

= N. botucatensis Y. Horie, Miyaji &
Nishim.

? = N. takakii Y. Horie, Abliz & K.
Fukush.

N. stramenia(R.O. Novak & Raper)
Malloch & Cain

N. sublevispora&Someya, Yaguchi &
Udagawa

= N. ferenczii Varga & Samson

N. tatenoiY. Horie, Miyaji, Koji
Yokoyama, Udagawa & Camp.-
Takagi

= N. delicata H.Z. Kong

N. tsunodaeYaguchi, Abliz & Y.
Horie

114216 (nejspiS z&meny kmen dle
(Yaguchi et al. 2010))

(Honget al. 2006)
(Petersog)199

41657

NRRL 20748; CBS 208.92
CBS 135.52; ATCC 16897; IMI
048583; NRRL 2154; QM 6874; WB (Yuill 1953)
2154

CBM-SUM-3014,; CBS 253.94

CBM-FA-0933; IFM 5211
CBM-FA-0958; IFM 57611; NBRC
106417
NHL 2948 = CBS 408.89 = IMI
308593 = NRRL 20549 = KACC
41174 (A); NHL 2949 = CBS 409.8
= IMI 308593 = NRRL 20550 =
KACC 41131 (a)

CBS 483.65; ATCC 16898; IFO
8782; IMI 211390; NRRL 5034; WB (Raper et Fennell 1965)
5034; IBT 3022; KACC 41162
CBM-FA-0672; CBS 11421; IFM
46586

CBM-FA-884 (jen suSena polozka)

CBS 498.65; ATCC 16895; IFO
9611; IMI 172293; WB 4652; NRRL (Raper et Fennell 1965)
4652

PF 1207; IFM 53598

CBS 121594; IBT 27813; NRRL
4179; Warcup SA57

CBM-FA-0022; CBS 407.93; IBT

(Udagawa et al. 1993)
(Horieet al. 2003)
(Yaguchiet al. 2010)

9 (Takada et Udagawa
1985)

(Horie et al. 1995)

(Horie et al. 2001)

(Someya et al. 1999)

(Samsoret al. 2007)

(Horie et al. 1992)

21589

CBS 101754; HMAS 71159; AS

34697 (Kong 1997)
CBM-FA-0950; IFM 57609; NBRC .

106416 (Yaguchiet al. 2010)
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AB299413  AY870756  AY870716 * DQ534126
EF669946  EF669805  EF669874 EF669734 DQ534187
EF669947  EF669806  EF669875 EF669735Q5B4132
- Q34158  DQ534170 - DQ534128
- AB488760  AB488768 - AB488777
- AB488754  AB488762 - AB488771
EF669943 EF669803 EF669872 EF669731 DQ534138
EF669944 EF669804 EF669873 EF669732 DQ534139
EF669988  EF669844  EF66991BF669775 DQ094869
- AY870763  AY870723 - -
EF669984  EF669840  EF66991DF669771 DQ534188
- AB488759AB488767 - AB488776
EF669977  EF669833  EF669903 EF669764 EUZ2028
* DQ114130  DQ114139 * DQ5351
- DQ114124  DQ114132 - DQ534117
- AB488755  AB488763 - AB488772



CBM-FA-0703 = KACC 41155 =

N. udagawaeY. Horie, Miyaji & . . AB250782 AB248303 AY689372 - DQ094859
S CBS 114217 (A); CBM-FA-0702 = (Horieet al. 1995) )

Nishim. KACC 41155 = CBS 114218 (a) AB250781 AB248302 AY689373 DQ094858

géngcnupu Peterson, Varga & NRRL 35723; A-4008 (Samsa@t al. 2007) EU220279  EU220283  EU220284 EU220286

pozn. 1) oznéeni (A) a (a) se vztahuje k heterothalickym dmah které jsou definovany na zakéadiologického konceptu druhu (teleomorfy je dosaZzparovanim kompatibilnich

kmeni)

pozn. 2) rod\eosartorya byl popsan v roce 1972 (Malloch et Cain 1972)t@hyly druhy popsanaied timto rokem popsany jen pod jménem anamotifp, ppkoA. ficheri var. xy
* K dispozici je sekvence netypového kmenu

Kmeny z predkladané prace a publikované literatury, které spiujici status samostatného druhu

Accession numbers

taxon ¢islo kmenu publikace
ITS benA caM rpb2 act
NRRL 185; QM 1984; Thom 5136.11;
Neosartoryasp. 1 WB 185 (a NRRL 3535; QM 1984; (Peterson 2008) EF669940 EF669800 EF669869 EF86972 -
Thom 5136.11; WB 185)
N NRRL 1283 (Peterson 2008) EF669929 EF669790 EFEH98 EF669717 -
eosartoryasp. 2
Neosartoryasp. 3 NRRL 4175 (Peterson 2008) EF669976 EF66983EF669902 EF669763 -
Neosartoryasp. 4 NRRL 179 (Peterson 2008) EF669934  EF669794  EFGBISEF669722 -
Aspergillussp.Fumigati-1 CCM 8003 diplomova prace + + + + -
. _— CMF ISB 2151 = F42 diplomova prace + + + + -
Aspergillussp.Fumigati -2
Aspergillussp. Fumigati -3 CMF ISB 2152 = F43 diplomova prace + + + + -

+ sekvence k dispozici, zatim bez GenBank accessiomers
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99 1 A fumigatus NRRL 1637 @
96 LA, fumigatus var. ellipticus” NRRL 5109 " O
L— N. fischeri NRRL 1817
86 |L—— A. fumigatiaffinis IBT 12703" O

A. novofumigatus IBT 16806" O
A. fumisynnematus IFM 42277TO

57 | 99 = A.lentulus NRRL 355527 O

A. viridinutans NRRL 43657 (O
99, N. aureola NRRL 22447
96 I “N.. indohii CBM-FA-0934T"
99 |__ N- udagawae KACC 411557
99 ! N. udagawae KACC 411567 L ]
97 N. spinosa NRRL 50347
l4N.. botucatensis CBM-FA 06727
5— N. coreana KACC 416597
% | Neosartorya sp.1 NRRL 185
T 78 N. paulistensis CBM-FA-0690"
a4 L_yN. Iac?n?osa KACC 41657
g "N. laciniosa NRRL 4076”

90 y N. sublevispora IFM 535987
85| L-“N. ferenczii NRRL 4179
N. denticulata CBS 652.737
N. fennelliae NRRL 55347
991 | N. fennelliae NRRL 55357
N. fennelliae NRRL 32570
8 |\ otanii NRRL 32572
“N. otanii NRRL 32571”
N. assulata KACC 416917
74Enshimurae KACC 41954 @
Neosartorya sp.4 NRRL 179
[I— A wreosus kacc 420017 O
7489| I — Aspergillus sp. CCM 8003
A. unilateralis NRRL 5777 O
rl_,— N. multiplicata CBS 646.95"
93 L— N. tsunodae IFM 576097
N. hiratsukae CBS 294.937
_— N.glabra NRRL 2163"
= | L—— N. shendaweii IFM 576117
|' i N. spathulata NRRL 20549T.

73

99 'N. spathulata NRRL 205507
99 N. aurata NRRL 43787
|_I|: N. stramenia iINRRL 46527
IJ N. galapagensis IBT 167567
N. papuensis CBS 841.967
I_l N. australensis CBS 112.557
|_ L N.warcupii NRRL 357237
r Aspergillus sp. CMF ISB 2151
98'——Aspergillus sp. CMF ISB 2152

— N. pseudofischeri NRRL 207487
g9 L Neosartorya sp. NRRL 1283

99 1 N. tatenoi CBS 407.93"
| L—— “N. delicata CBS 101754""

—Lli A. brevipes NRRL 2439" O
59 Ld A duricaulis NRRL 40217 O
N. quadricincta NRRL 21547
61 _LN primulina CBS 253.947"
99 | |“N. tsurutae CBM-FA-0933"™"
gg | Neosartorya sp. NRRL 4175
D. cejpiiNRRL 5183 EF669916

Fig. 3.7 Vztahy mezi nepopsanymi taxony v sekeimigati ziskané v této praci @a¢€) a ostatnimi druhy v
sekciFumigati. Fylogeneticky strom zaloZzeny na getaM; metoda Minimum Evolution (MEGADS); bootstrap
300 opakovani. Sekvence izdl@znaenych tiné pochazeji z této prace, ostatni sekvence bylyanisk prace
Peterson (2008). PIné krouzky zheheterothalické druhy, prazdné krouzky druhy, @h@i neni znama

teleomorfa. Ostatni druhy jsou homothalické.
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Tab. 3.4 Teplotni maxima vybranych druhi sekceFumigati

druh (poéet test. kmeni) 42 °C 45 °C 48 °C 50 °C
A. fumigatus(3) + + + +
A. lentulus(3) + + - -
N. hiratsukae(3) + - - -
N. udagawadg3) + +/- - -
A. fumigatiaffinis (1) + +- - -
A. viridinutans (3) + +/- - -
A. novofumigatus(1) + + - -
A. unilateralis CBS 126.56 + +/- - -
CCM 8003 a NRRL 179 + + + -

Obr. 3.9 Detail konidii kmenu CCM 8003 (vlevopaunilateralis CBS 126.56(vpravo).
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Tti odliSné linie spiujici kritéria druhu tAspergillus byly nalezeny mezi izolat. viridinutans z piady.
Druh A. viridinutans byl v minulosti podroben molekularni analyze(Vargal. 2000), ale byl ponechan jako
Siroky druh. Nkteré izolaty maji sekvence vice podobné heterott@N. udagawae a homothalickéN. aureola
nez sekvenci typového kmere viridinutans NRRL 4365 Obec se da mezi izolaty nazvanymi zde jako
A.viridinutans vysledovat neostré kontinuum v genetickych disieincod kmefi geneticky podobnych
N. aureola, pres kmeny vice¢i mérg podobné typovému kmerdi viridinutans, az po izolaty vzdalené od obou
téchto typovych polozek. Pro rodspergillus je to pomdrné netypické. Mezi druhy &Sinou existuji jasné
distance fi pouzivani gefh s dostaténym rozliSenim jakdenA acaM.

Vztahy mezi izolatyA. viridinutans zkoumanymi v této praci, typovymi kmemd: viridinutans, N.

aureola aN. udagawae jsou znazorény na Obr. 3.10.

rN. udagawae CMF ISB 1972

— N udagawae CBS 154.897
97 | N. udagawae CMF ISB 1971
N. udagawae CMF ISB 1973
N. udagawae F2
i N. aureola NRRL 22447
80 jA. viridinutans V3 1977

g9 VA. viridinutans IMI 133982 AF134775
— A viridinutans NRRL 43657
il-A. viridinutans V2 CMF ISB 1975
L— A viridinutans IFM 54303 AB248299
65_ I- A viric.ii_m.Jtans MK284 AY590130
A. viridinutans CM-3147 EU310843

A. viridinitans V1 F39
A. viridinutans V21 CCF 4003
A. viridinutans V1 CCF 4002
A. clavatus CCF 2447

94

67

98
90

0.05

Obr. 3.10 Vztahy studovanych izol&tA. viridinutans a N. udagawae vzhledem k typovym kmeéim a dalSim
kmenim, jejichz sekvence jsou uloZzeny v databazi GenB#&yogeneticky strom zaloZzeny na gebenA;
metoda Minimum Evolution (MEGAS); bootstrap 300 kpeani. Sekvence izol&bzna&enych té¥né pochazeji

z této prace.
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3.1.2.3 sekcdligri

SekceNigri pati vibec k nejvyznam#Sim sekcim z hlediska produkce mykotakizejména ochratoxinu A
(Schuster et al. 2002A. niger a A. tubingensis jsou také vyznaninpatogenni druhy (Balajegt al. 2009).
Vyznamny je ale i biotechnologicky profit z fermao¢ potravin, ndpdj produkce organickych kyselin a
enzymi (Yokotsuka et Sasaki 1998; Abaref al. 2004). V sekci je morfologie v popisu novych diuh
upozadna, koncept recentnpopsanych druhje zaloZzen fedevSim na kombinaci molekularnich deaM a
benA) v kombinaci s produkovanymi extrolyty (Samsetral. 2004; de Vriest al. 2005; Vargaet al. 2007;
Noonimet al. 2008; Perronet al. 2008; Mogensert al. 2009; Sgrenseet al. 2011; Vargaet al. 2011). Vztah
izolatu CCF 4046 k popsanym diuh je zndzorén na Obr. 3.11.

70, A. piperis CBS 1128117
[Cl N piperis CCF 661
56 A. acidus CCF 3984
A. vadensis CBS 1133657
IEIS A. costaricaensis CBS 1155747

99

A. tubingensis IMI 1722837
g9 ' A. tubingensis CCF 4080
— A.niger CCF 4067
A. lacticoffeatus CBS 101883"
99 | A. niger IMI 0505667
A. brasiliensis IMI 3817277
66 A. sclerotioniger CBS 11155727
A. carbonarius IMI 016136"
76 A. sclerotiicarbonarius CBS 1210577
5 === A. ibericus IMI 3914297
100 pe———— A ellipticus IMI172283T
L A heteromorphus CBS 117.557
95 A. saccharolyticus AS-20117
_I A. homomorphus CBS 1018897
77,4 A. japonicus CBS 114.517
ﬁf A. violaceofuscus CBS 123.277
A. japonicus CCF 4079
A. indologenus CBS 114.807

100  A. aculeatinus CBS 1210607
100 A. aculeatinus F-596
L Aspergillus sp. CBS 620.78

98 LI—AsperiIIus sp. Nigri-1 CCF 4046
A. aculeatus CBS 172.667
66 |_‘

100

100

52

88

98
100

100 | A. aculeatus F-719

Aspergillus flavus CCF 3989

0.05
Obr. 3. 11Pozice izolatu CCF 4046 vzhledem k ostatnim dnulv sekci Nigri. Fylogeneticky strom zalozeny

na genwcaM; metoda Minimum Evolution (MEGADS); bootstrap 30Caipvani.
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3.1.2.4 SekcédJsti

Zastupci sekcésti jsou Bzrg izolovani z potravin, ovzdusSi @gy. Ekonomicky vyznam druhz této sekce je
ale v porovnani s vySe uvedenymi sekcemi minim§Bamsonet al. 2011). Vyznamnym patogenem
imunosuprimovanych pacidnfe A. calidoustus (Vargaet al. 2008; Balajeeet al. 2009). Mezi zkoumanymi
izolaty byly nalezeny dva nepopsané druhy. Prvmich je sesterskym druhed ustus a je reprezentovan
dvéma izolaty. Druhy druh tvid sesterskou linii k nedavno popsanéfkeveii a je reprezentovan dokonce 12
izolaty (Tab 3.1). Tyto flbuzenské vztahy jsou digbpatrné na Obrazku 3. 12.

A. calidoustus CBS 1216017
A. calidoustus CBS 114380 beta-tubulin
69] A calidoustus NRRL 26162
99 n A. calidoustus CCF 3755
A. pseudodeflectus CBS 596.65

9] o' A. pseudodeflectus NRRL 61357
A. insuetus CBS 107.257
99 A. insuetus NRRL 279

91 A insuetus CCF 48
98 y A. keveii CBS 209.927
I A. keveii CBS 113227

Aspergillus sp. Usti-2 U17

99" Aspergillus sp. Usti-2 U6
A. granulosus CBS 588.657

9 —=A puniceus CBS 495.65"
62 L Apuniceus CCF 2710

= 99 A. ustus CBS 261.677
811 A ustus CBS 113950

62 Aspergillus sp. Usti-1 U4

61

64 99 ' Aspergillus sp. Usti-1 U2
Aspergillus sp. “deflectus”"NRRL 4993
-
88 0o LT A. deflectus NRRL 2206

73 b——— A. lucknowensis NRRL 3491 T
E. heterothallica CBS 489.657
A. elongatus NRRL 51767
100 yA. amylovorus NRRL 58137

1A, amylovorus X2

74 — A. kassunensis NRRL 37527
100 = A. subsessilis NRRL 49057
i A. egyptiacus NRRL 59207
| 54 A. ochraceoroseus NRRL 286227
Eu. costiforme CCF 4097
N E—
0.05

Obr. 3.12 Vztahy dvou nepopsanych driulze sekce Usti vzhledem k ostatnim dnuwhv sekci. Fylogeneticky

strom zaloZzeny na gemaM; metoda Minimum Evolution (MEGAS); bootstrap 300a&pvani.
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3.1.2.5 Sekc®estricti
Sekce Restricti obsahuje sedm popsanych diufPeterson 2008). Jedn4 se o malo studovanou skupin
halofilnich organismh s malym ekonomickym vyznamem pétovéka, akoliv regional mize pisobit Skody
na uskladanych obilninach (Raper et Fennell 1965). Izolat CEHL 2tvdi nepopsanou sesterskodter k
A. penicillioides (Obr. 3.13).

76 BA. restrictus NRRL 151
100 A. restrictus NRRL 4783

100 | .
A. restrictus NRRL 1547

100 L————A. caesiellus NRRL 50617
|_ A. gracilis NRRL 49627

% " _l:A. conicus NRRL 1497
o1 100 Aspergillus sp. NRRL 145
— A. vitricola NRRL 51257
Aspergillus sp. Restricti -1

IA‘ penicillioides NRRL 45487

100 'A. penicillioides NRRL 4550

E. halophilicum NRRL 27397
A. flaschentraegeri NRRL 5042

73I’!A. restrictus NRRL 148

100

0.02
Obr. 3.13 Pozice izolatu CCF 3112 vzhledem k sedmpopsanym druhim v sekci Restricti. Fylogeneticky

strom zaloZzeny na kombinaci gecaM, benA a ITS oblasti; metoda Minimum Evolution (MEGADB); dietrap
300 opakovani.

3.1.3 Diversita klinickych izolati Aspergillusz ¢eskych pacienti
Z vice nez 200 klinickych izolatzahrnutych v datasetu byly na zakidditérii pro kazdou klinickou jednotku
zvlag' (De Pauw et al. 2008) (Deshazo 2009; Smith et DgnA011) (Guptaet al. 2001; Summerbekt al.
2005; McLeod 2009; Vennewald et Klemm 2010) vybraizplaty reprezentujicich potvrzené, nebo
pravcépodobné pvodce onemoami ceskych pacierit NejéasgjSimi onemoc#nimi pisobenych rodem
Aspergillus byla invazivni aspergiléza, onychomyké6za a ogtigerna.

Druhové diverzita mezi 178 vybranymi izolatiitala 33 druf a je do hloubky diskutovana v

manuskriptu zahrnutém v sekdilBhy.
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3.2 #-tubulinové paralogy u rodu Aspergillus
Pri amplifikaci genubenA b&zné pouzivanymi kombinacemi primerpro fiSi Fungi (T1/T2; T10/Bt2b a
Bt2a/Bt2b) byl u #znych druli Aspergillus amplifikovan fragment genu, ktery byl pgémé divergentni od genu
benA. Nejpodobsjsi sekvence i hledani podobnosti na serveru BLAST
(http://blast.ncbi.nim.nih.gov/Blast.cgi) gy bud’ jinym drubim Aspergillus a odporovaly ddim z jinych
lokusi, nebo dokonce vzdalenym taxon. Diky datim z genomickych projeit(Tab 1.3) a praci Peterson
(2008), kde se autor potykal s podobnym problémesakeeNigri, Nidulantes a Usti, se povedlo identifikovat,
Ze se jedna o genbC. Autor dale vyslovil dornku, Ze se oba geny daji rozpoznat na zé&kpexitu intron.
Rozsahlost problematiky-tubulinovych paralofy jsme se rozhodli zkoumat pomoci amplifikace
fragmentu u co nefiiSiho pd@tu zastupt Aspergillus reprezentujicih druhovou diverzitu rodu. Na podkla
genomickych projekt byly narzeny primery specifické pro kazdy parald@ba geny byly zpghtku
rozliSovovany na zakladdivergenci od aminokyselinové sekvermmA genuA. nidulans, u kterého byl gen
benA i paralogtubC pro rod Aspergillus poprvé identifikovan. DalSi moznosti, jak oba paegs odliSit byly

zjistény az po amplifikaci fragmentwbC u SirSiho spektra driih

3.2.1 No¥ navrzené primery a jejich specifita kg -tubulinovym paralogim

Na z&klad genubenA atubC u druhi se znamym genom. fumigatus, N. fischeri, A. clavatus, A. nidulans, A.
niger, A. carbonarius, A. aculeatus, A. terreus, A. flavus a A. sojae, byly navrzeny primery specifické i
nespecifické k okma paralod, jejichz sekvence a poloha v genech je vgena na Obr. 3.14. Tyto

primery byly dale vylepSeny na zakkadibyvajiciho mnozstvi dat z osekvenovanych igepecifita

definitivnich verzi &chto primet je diskutovana v Tabulce 3.5.

Tab. 3.5Specifita now navrzenych primeria k pralogim benAatubC

BenlF benA specificky

tubC specificky v sekciclrumigati, Clavati, Cervini, Circumdati andNigri; u druhi, které nemaji

TublF L
paralogtubC amplifikuje ¢asto gerbenA
vylepSeny primer T10
T10n Yiep y-? L e . . L
benA specificky,ieSi i problém T10 primeru s dvojitymi produkty
vylepSeny primer Bt2a
Bt2aAC YIeRSenyp

vicebenA specificky nez Bt2a primer, ale gkterych druli sekceNigri jsou patrné dva produkty

T6uaR a  alternativy k existujicim primém Bt2b a T2

T6uBR nespecifické primery, ktery jsou navrzeriénm pro rodAspergillus (narozdil od vySe uvedenych)

Ben8rev  benA specificky

T5uF, TSuUR; ) . 3 o ) .
primery pouzitelné pro amplifikaci, ale i sekvenadallouhych produki
T7uF; T7uR

Ben9Brev; benA specifické, v kombinaci s primerem BenlF jsou getdoamplifikovat kompletni gelvenA u
Ben9Brevl sekciNidulantes, Aspergillus, Nigri, Circumdati, Candidi, Restricti, Cremei
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0 bp 500 bp 800 bp 1000 bp 1200 bp 1500 bp 2000 bp

Taxonomie . .

(l)TublF(G) | I GTPé_ZOVé_ doména C'term|naln| domena Vysoce variabilni oblast
(1)BenlF(6) | ] T I |
(DTLUF®)7)T10n Br2aAC T—>7”F
(3)T1(7) (T10,  Bt2a, TSUF | Ti2, T121,

T5uR T224 T222 T?uR Btlb (3)Ben98rev

T21(6) ‘—
'_Il:gugls Ben8rev (3)Ben9Brevl
u

benA (A. nidulans) Bt2b
FORWARD PRIMERY: REVERZ PRIMERY:
TIUF  MATGCGTGARATYGTRWGT (19) T6UBR TCCATIGTICCIGGYTC (17)
BenlF AATGCGTGARATYGTATGT (19) T6UAR TGACCCTTKGCCCARTTRTT (20)
TublF CATGCGTGARATYGTRAGT (19) Ben8rev CCRCGGGGRGGRATGGAGCASAG (23)
T6UAF AAYAAYTGGGCMAAGGGTCA (20) Tub8rev CATYTTCAGGCCCYTKGGWGGCA (23)
T6uBF GARCCIGGIACIATGGA (17) Ben9Brev ~ CTCCTCCTCRVSRCTG Y16
T10n TCCAGACTGGTCAGTGTGTAA  (21) Ben9Brevl CTCCTCCTCRISICTG 61

Bt2aAC GGTAACCAAATAGGTGCCGCTTTC (24

Obr. 3.15 Sekvence a poloha nbwavrzenych primérzaznamenana v gebenA A. nidulans. Primery ozn&enécervéné pochazeji z této prace. Zavorki@g nebo za
nazvem primeru vyzi@ném v mist jeho nasedani na gen 2hpiesah sekvence primeru (v bp) do intronu. Introoy jgna&eny pismeny A-H, exongisly 1-9. Usek genu
ozna&eny napisem "TAXONOMIE" je oblast genu pouzivartaxonomickych studiich (odpovada fragmentu ampifdmému primery Bt2a a Bt2b).
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Pomoci nejiizngjSich kombinaci&hto primefi se povedlo charakterizovat cely gesnA u zastupt
vétSiny sekci. GerubC se povedlo charakterizovat v Useku odpovidajigimunim Sesti exain genubenA A.
nidulans (Obr. 3.15), ktery ale obsahuje taxonomicky vyzngmsek genu.

U nekterych drulii bylo pro zvySeni specifity primérnutno n&nit teplotu annealingu (Obr. 3.16 a
3.17), gipadre i sloZzeni reakni snesi (viz metodika).

TublF/T6UR 7 BenlF/T6uR

Obr. 3.16 Amplifikace fragmeni geni benA atubC pomoci kombinaci primérBenl1F/T6uR a Tub1F/T6uR. U
kazdého zeft druhi na obr. vlevo (A) byly pouzity abkombinace primér. Vlevo pro kazdy druh kombinace
BenlF/T6uR lgenA specificka), vpravo Tub1F/T6uRUpC specifickd). Symbol "T" nad fragmentem Zh&e se
jedna o fragment gentwbC. U A. puniceus (sekceUsti) se okkma kombinacemi amplifikoval gebenA. V
nekterych gipadich nebyly kombinace priméerdostaténé specifické pro jeden paralog (B)ipteplot

annealingu 55 °C. ZvySenim teploty annealingu iskan fragmentifslusného genu.

Ben1F/Ben9Brev BenlF/Ben9Brevl

b e ¥

Obr. 3.17 Amplifikace kompletniho genbenA u A. restrictus CCF 3364 pomoci kombinaci prinfienvedenych

na obrazku v teplotnim gradientu. Patrny je rozdghovani degenerovaného primeru Ben9Brev a primeru
Ben9Brevl, kde byly degenerované pozice nahrazeosinem. U kombinace BenlF/Ben9Brevl se povetilo p
teplo& annealingu asi 60 °C amplifikovat cely dasmA.
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3.2.2Architektonika paralogd benAatubC

Jak bylo uvedeno vyse, povedlo se genA amplifikovat v kompletni podabu rady drutii Aspergillus. Nagi¢
zkoumanymi sekcemi bylo nalezeno sedmngch typi uspdadani introfi a exorli (viz Obr. 3.18). Brzy bylo
jasné, ze usgadani introfi nemize byt objektivnim znakem k obecnému rozliSeniigesnA a tubC u rodu
Aspergillus. U dvou sekci Nidulantes a Restricti) byl navic pozorovan rozdil v ptu intromi mezi rekterymi
jejich zastupci. V sekcichlavipedes aUsti se nepovedlo amplifikovat gdienA az do konce. Sekvencedgchto
sekci byla ziskana az po misto nasedani primer8r@enPrimer Ben9Brev a Ben9Brevl majéepah do intronu
(na Obr. 3.15 ozri@ny jako H), a proto je mozné, Ze tento introkahto dvou sekci chybi. Tomu odpovida i
situace u blizceffbuzné sekc@errei. Tyto dw sekce jsou ve stromu (Obr. 3.18) a&ray oranZzovym ramem.

Protoze genubC byl amplifikovan jen u #&kterych drulii a navic jen jehdast, nebylo mozné studovat
architektoniku rozlozeni intrdnv plném rozsahu. Na zakkdéchto dat a diky kompletnim sekvencim z
genont byly nalezeny minimakhétyti rizné typy uspiadani introd (Obr. 3.19). U Zadného ze studovanych
druhi nebyl nalezen intron specificky pro parakogC. GentubC u daného druhu ghvzdy mér, nebo stejny
pocet introni (A. terreus) jako genbenA.

Na urovni fragmentu BT2 (odpovida kombinaci prilm@&t2a a Bt2b) tedy neni mozné rozliSitady
druhi, zda se jedn& o jedeti,druhy paralog. Stejny get introni v BT2 nachazime u obou paralog sekcich
Cicumdati (3), Flavi (3), Terrei (3) a u gkterych druli sekceNidulantes (2). Naproti tomu jeden zéitintroni
chybi u paralogtubC v sekcich-umigati, Clavati, Nigri a rekterych druli sekceNidulantes (Obr. 3.19)..

3.2.3 GentubC neni piitomen u vSech druhi Aspergillus

Amplifikace genutubC nebyla GspSna uiady drulii. Na zaklad prohledavani genoimbylo zjiS&€no, Ze gen
tubC skut&né¢ nemusi byt fitomen. Zénym pikladem niize byt sekceNigri, kde v genomeck. niger a A.
carbonarius neni gentubC pritomen, ale u druh\. aculeatus ze stejné sekce ano. Podslse v této praci
povedlo amplifikovat genubC u dalSich #fi druhi ze sekceNigri, u jinych ale byly pokusy nelsgné. Dalsi
sekce, kde prawpodobré paralogtubC chybi jsou sekceCandidi, Usti, Cremei, Restricti a Aspergillus.
Podobnr jako u sekedNigri se déilo amplifikovat gentubC jen u rgkterych zastupic sekceNidulantes.

3.2.4 Divergence paralofy se nizni mezi druhy

Divergence paralagbenA atubC se velmi fiznily nagi¢ druhy, kde bytuC amplifikovan. Na drovni fragmentu
BT2 se divergence aminokyselinové sekverizaity od 8,7 % v sekdNigri az po 24 % v sek&ircumdati. Na
urovni celych gef se rozsahsthto divergence (vlivem vice konzervované druh@yialy genu) snizi na rozg
divergenci od 10,7 % A. oryzae az po 18,5 % W. terreus. Nejvice divergentni paraldghC nachazime .
terreus a to jak v ramci tohoto druhu (dmnA A. terreus), tak vzhledem k ostatnim gim tubC i benA u jinych
druhi. Nizka divergence génv oblasti BT2 u sekcbligri zpisobuje, Ze primery navrzené pro amplifikaci genu

benA, velmicasto selhavaji ve své spedifiviz dale).

Obr. 3.18 Architektonika exon-intron u gerhenA nagic sekcemi rodspergillus. Kazdému typu usgédani
je prifazena barva a pismeno podle legendiealpdrié vyznatena na fylogeneticky strom (ITS rDNA; MEGAS5,
Minimum Evolution, bootstrap 300).
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druh. sekce divergence BT2 benA tubC

_EA. fumigatus Fumigati 20,7/ 134 % 32 ABCD-FG-
N. fischeri -Il- 19/13,2% 3/2 ABCD-FG-
A. viridinutans -Il- 19% 312 ABCD- 77?7
N. quadricincta -Il- 17,3% 32 ABCD- 27?7
N. hiratsukae -Il- 225% 312 ABCD-?22?
N. glabra -Il- 20,7 % 32 [ABCDEEGH ABCD-???
JF=A. clavatus Clavati 17,3/ 134 % 32 ABCD- FG -
—A. giganteus -Il- 15,6 % 32 ABCD- 27?2
A. Insulicola Circumd ati 17.3% 3/3 ABCDE???
Apersii -Il- 24,2 % 313 ABCDE???
_EA. sclerotiorum -Il- 24,2 % 313 ABCDE???
A. fresenii -Il- 24,2 % 313 ABCDE???
A. terreus Terrei 19/18,5 % 313 ABCDEFG -
A. alliaceus Flavi 20,7% 3/3 [ABICIDIEENGIH ABCD- 2?2
A. tamarii -Il- 17,3% 3/3 |NEBICIDIEENGE ABCD-?7?7
I_I—A. oryzae -Il- 17,3/ 10,7 % 3/3 [ABICIDIEEENGH ABCD- FG-
—Aflavus -II- 17.3/109 % 33 |EICIDIEENGE ABCD-FG-
_EA. parasiticus -Il- 20,7% 313 [NEICIDIEENGIH ABCD- ?7??
Asojae -Il- 19/12,3 % 33 |NEICIDEENGE ABCD-FG-
_EA. nidulans Nidulantes 15,6/16 % 32 ABCD- - G-

A. spelunceus -Il- 10,4 % 2/2 |NEICIDENENGE ABCD- ?°?
r Em. variecolor -Il- 17,3% 212 [MEICIDENENGIE ABCD- ?7?°
I_ —Aaculeatus Nigri 8,7/11,6 % 32 ABCD- - G-
A. sp. CCF 4046 -If- 8,7% 32 ABCD- 27?7
L_r—A. japonicus -Il- 8,7% 3/2 ABCD- 7?7?27
A. violaceofuscus  -//- 8,7% 3/2 ABCD- ?22??

Obr. 3.19 Divergence a struktura giebenA atubC u druhi, kde byltubC amplifikovan. Ve sloupci "divergence" je sfidna rozdilnost aminokyselinové sekvence partalog
benA atubC u prislusného druhu. Pokud byly k dispozici sekvendéheegenu, je za lomitkem divergence kompletniaghig@e sloupci "BT2" je porovnan get introni v
BT2 fragmentu genbenA (prvnicislo) atubC pro dany druh. Usgédani intro pro oba geny je zaneseno do poslednich dvou sidiggaaeni introrii pismeny je podle
obrazku 3.15.
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3.2.5 V sodasnosti uzivané primery jou malo specifické
Jak bylo napséno v Uvodu kapitoly 3.2, Bgtlou dnes uzivanych prinieamplifikovan gertubC. Specifita v
souwasnosti uzivanych priméerbyla testovana na spektru déuheprezentujicim diverzitu rodu. Vysledky a

doporueni k uzivanidchto primet jsou shrnuty v Tabulce 3.6.

Tab. 3.6Komentare ke specifit nékterych bézné uzivanych primeri viadi g-tubulinovym paralogam

navrzen pro pouziti u rodeusarium (O’Donnell et Cigelnik 1997) , ale j€h¢ pouzivan u
jinych rodi hub

T1 preferené amplifikuje tubC u druhi ze sekcCircumdati, Fumigati, Clavati aFlavi, u
nekterych dalSich druhnekonstant®amplifikuje benA nebotubC paralog; pradadu druf
roduAspergillus je nefunkni pravpodobr kvuli piilis dlouhé sekvenciipsahujici do

intronu, ktera je specificka pro rdétusarium

tubC amplifikovan u gkterych druli ze sekcFumigati a Nidulantes
T10 relativns benA specificky, &koliv jsou na gelové elektroforéze p&me ¢asto k vigni dva

produkty

opakovas v literatue zaznamenana amplifikattdC paralogu u sekcligri - specificky pro
tubC paralog u druih A. japonicus, A. aculeatus a A. violaceofuscus

pii navrhovani pouzity jen sekvenéenidulans aNeurospora crassa (Glass et Donaldson

Bt2a
1995)
sekcence iesré odpovidajici primeru jeiftomna i v gendubC u druhi ze sekcNidulantes,
Fumigati a Circumdati
BE2b: T2 nespecificky, primer naseda v ngisia sekvenciifitomném u obou paraldgnutno pouzivat

v kombinaci se specifickym forward primerem

T222 benA specificky, tvodni 3pb sekvence jsou specifick@hgnA

T22 silné benA specificky




3.2.6ParalogtubC je bezré zaméinovan za gerbenAv sekciNigri
Hledanim podobnosti néwziskanych sekvenci paralogubC v databazi Genbank byla nalezéada sekvenci v
sekciNigri, které jasa reprezentuji paralowbC (viz Tabulka 3.7).

Pfi patrani po mozném n&domém pouziti gentubC paralogu v #kterych taxonomickych studiich v
kombinaci s generbenA byla identifikovana cel&ada praci taxonomicky i jinak z&enych, které paralog
tubC newdon® pouzily (Tab 3.8). Problematika se tykéegevSimiti druhi: A. aculeatus, A. japonicus a A.
violaceofuscus. V této praci se oba geny pdila amplifikovat i u izolatu reprezentujiciho nemamy druh - CCF
4046 (Tab. 3.7).

Ve vSech taxonomickych pracich izolaty reprezentévgenentubC tvorily marginalni, dlouhé, ddie
podpdené ¥tve. Podob# pfi kombinaci obou d&chto gerfi jsou oba paralogy ve vzniklém strémomgrng

doke oddleny a vzajemése nemichaji (Obr. 3.20).

Tab. 3.7Sekvence drulii ze sekceNigri, u kterych byl amplifikovan tubC

A. japonicus benA EF661104HES77804% HES7781%
tubC HQ632659HES7781%; GU296707*; EU021665; EF661082;
EF661081; EF661080; AY820019; AY820018; AY820017;
AY585544; AY585543; AY585542*; FJ629286*

A. aculeatus benA HQ632721; HQ632670; HQ6326689E577810 HES577806%
EU982087; FR775311; EF661107; EF661106; EF661105;
AY820020; AY585539
tubC HQ632671; HQ632668; HQ632667; HQ6326B4:577818§
HE577816 HES577814% GQ376123; GU296706*, EF661083;
AY585541; AY585540; FJ629271*

A. violaceofuscus benA HES577805% FJ491692; FJ491689

tubC HES577813% FJ491687; FJ491686; FJ491685%;
A. sp. CCF 4046 benA HE578072

tubC HES577815

pozn. téng jsou zvyrazany sekvence ulozené v této praci

* typovy kmen
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Tab. 3.8 Prace uzivajici (neédomé) sekvence paraloguubC

Andersen, M. R., et al. (2011 omparative genomics of citric-acid-producisgpergillus niger
ATCC 1015 versus enzyme-producing CBS 513.88. GeriRes 21: 885-897.

Arabatzis, M., et al.(2011)Polyphasic identification and susceptibility towse antifungals of 102
Aspergillus isolates recovered from immunocompromised hos@raece. Antimicrob Agents

Chemother 55: 3025-3030.

Meijer, M., et al.(2011)Growth and hydrolase profiles can be used as ctaistics to distinguish
Aspergillus niger and other black aspergilli. Stud Mycol 69: 19-30.

Sgrensen, A.et al. (2011)Aspergillus saccharolyticus sp. nov., a new blackspergillus species
isolated in Denmark. Int J Syst Evol Microbiol ddd.1099/ijs.0.029884-0.

Varga, J., et al.(2011)New and revisited speciesAspergillus sectionNigri. Stud Mycol 69: 1-17.

Noonim, P., et al. (2008)ywo novel species dispergillus sectionNigri from Thai coffee beans. Int J
Syst Evol Microbiol 58: 1727-1734.

Perrone, G.,et al. (2008)Aspergillus uvarum sp. nov., an uniseriate blagkpergillus species isolated
from grapes in Europe. Int J Syst Evol Microbiol 2832-1039.

Samson, R. Aet al. (2007)Diagnostic tools to identify black aspergilli. 8tiMycol 59: 129-145.

Varga, J., et al.(2007)Aspergillus brasiliensis sp. nov., a biseriate blaéspergillus species with
world-wide distribution. Int J Syst Evol Microbiél7: 1925-1932.

de Vries, R. P. et al. (2005)Aspergillus vadensis, a new species of the group of bladpergilli.
Antonie Leeuwenhoek 87: 195-203.

Samson, R. A.get al. (2004)New ochratoxin A or sclerotium producing specieégpergillus section
Nigri. Stud Mycol 50: 45-61.
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88 —— tubC A. fumigatus AFUA_7G00250 (XM_741811)
L—— tubC N. fischeri NFIA_112720 (XM_001262644)
58 tubC A. viridinutans CCF 4003
| — tubC N. quadricincta CCF 4004
92 | — tubC N. hiratsukae CCF 3988
100 & tubC N. glabra CCF 2347
44 | 7 tubCA. clavatus ACLA_0460 (XM_001271563)
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e — tubC E. nidulans clone B-14 (M17520)

87| tubC A. violaceofuscus CBS 123.27"

22 | 71 tubC A. japonicus CBS 114.517
LtubC Aspergillus sp. Nigri-1 CCF 4046
mol- tubC A. aculeatus CCF 108
2 » L|ItubC A. aculeatus ATCC 16872
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211 benA N. hiratsukae CCF 3988
86 fbenA A. japonicus CBS 114517
L benA A. violaceofuscus CBS 123 277
benA Aspergillus sp. Nigri-1 CCF 4046
benA A. aculeatus ATCC 16872
78 || benA A. aculeatus CCF 108
55| benA A. aculeatus F-719
benA A. aculeatus 172667
benA A. penicillioides CCM 8349

35 96
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Obr. 3.20 Kombinovany fylogeneticky strom reprezentovany ZkvencemibenA a 29 sekvencemiubC,
dvojice gefii vzdy pochazi od stejného kmenu (metoda Minimumi@ian, bootstrap 300, MEGAS). Oba geny
se v kombinovaném datasetu nekombinuji (&nppuziti jinych metod nez Minimum Evolution pro rk&trukci

fylogeneze - data neukazana).
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3.2.7 Nespravnou specifitu primeru Bt2a v sekdiigri ¥eSi primer T10 a no¥ navrzeny T10n
Kombinace sotasnych a novnavrzenych primérbyly testovany u &kolika druhi sekceNigri. Kombinace v
souwasnosti nejrozBensji uzivanych primei Bt2a a Bt2b se ukazala jako velmi festna a amplifikuje htl

preferekné paralogtubC, nebo oba paralogy naraz (Obr. 3.21) (samjoz u druhi, které maji oba paralogy -
viz vyse).
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Obr. 3.21Vybrané kombinace priméra vysledek amplifikace genu pfo-tubulin u rgkolika druhi ze
sekceNigri. Now navrzeny primer T10n vykazoval nejlepsi specifitugenubenA a eliminoval i rezidua genu
tubC mezi produkty amplifikace, ktera byla na gelové keleforéze patrna i pouziti primeru T210.
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Tento problém neusil ani no¥ navrzeny primer Bt2aAB, ktery je sice vice spe&i ke genbenA nez Bt2a
primer, ale UA. japonicus a A. violaceofuscus je dolie patrné, ze se amplifikovaly oba paralogy nardar(O
3.21). Tento problém meSi ani zvySeni teploty annealingu. S vySSi tepla® primer Bt2aAC, podobrako
primer Bt2a, stava vice specificky k paraldghC (nevyobrazeno).

Pouzitim primeru T10 je problém s amplifikaci ganbC témei odstrarn, jsou patrné jen zbytkové
piimési tubC genu v produktu amplifikace. Naprostou specifitu denubenA vykazuje zde navrzeny primer
T10n (Obr. 3.21).

3.2.8 DalSi markery pouzitelné k odliSeni paralofybenAatubC

3.2.8.1 Sekve#ni motiv jako marker

Nalezeni markerové sekvence, ktera by spol&hiivila, o ktery ze dvou paraldgse jednd, je obtiZnreSitelny

problém kwili nizké konzervovanosti sekvence paralagoC nagic druhy Aspergillus. Aby takova markerova
sekvence byla pouzitelna, musela by navic byt omena Usek BT2 fragmentu, ktery je naprosto dontiman

databazi GenBank. V tomto Useku se nachazi 2-8rinta konzervovanost sekvence, je u obouigensi nez

pro zbytek genu (Obr. 3.19), to mimo jiné kompliuj konstrukci primer v tomto Useku (je v podstat
nemozné sestrojit v tomto Useku primer specificky tpbC, ktery by byl funkni nagi¢ rodemAspergillus a

zarovai neamplifikoval i gerbenA). Vlastni aminokyselinova sekvence v BT2 fragmejetalouha jen asi 60

AMK. Rozdily v konzervovanosti gerhenA atubC v oblasti BT2 fragmentu jsou znazény na Obr. 3.22.

G 1K)

kg s

Obr. 3.22 Konzervovanost sekvence gelmenA (nahde) a gendubC v Useku ohraeném primery Bt2a a Bt2b
(60 AMK). Pouzit byl gertubC ze 26 drub Aspergillus a genbenA ze stejnych druh (odpovida drubm z
kladogramu na obrazku Obr. 3.19). Barevna obladzatiuje paet moznych AMK, které se mohou v dané
pozici vyskytovat (Entropy plot, Bioedit 7). G&bC vykazuje ¥tSi variabilitu v AMK sekvenci v celém Useku
BT2.
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| pfes zn&nou variabilitu BT2 Useku se daji pozice charaktaké pro jedengi druhy paralog nalézt.
Tyto jednotlivé specifické AMK (Obr. 3.23) se dppuzit jako "kotvy" pi rozliSovani obou paraldg nejlépe v

kombinaci s dalSimi markery uvedenymi dale.

1 30 60
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tubC I~ EFGD G D L RVVYF E VPRAVL DLE T

Obr. 3.23 Pozice specifické pro paraldgenA atubC v Useku BT2 fragmentu (60 AMK). Pro konsenzualni
sekvenci genbenA bylo pouzito 450 sekvenbEnA (vlastnich a z prace Peterson (2008)), které reiteji asi
200 drutii. Konsenzualni sekvence paralobhC byla zhotovena na zakladsi 50 sekvenci - asi 30 dfuh
Pozice specifické pro jedeti,druhy paralog jsou znazamy barevi a twné. Pozice konsenzualnich sekvenci,

které se shoduji mezi sima paralogy byly ponechanyerné barg.

3.2.8.2 Délka introni jako marker

Pro paralogubC obecr plati, Ze poet introni je mensi nez u gerhenA. Proto celkova délka intrénv genu
doke rozlisi oba paralogy (Obr. 3.24). Zng, statisticky vyznamny rozdil byl pozorovan i glce prvniho
intronu (Obr. 3.24). Je ale nutné podotknout, Zdyamovana data byla rozsahem omezena jen na kamglety

obou paralog ziskané z genomickych projékispergillus.
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Obr. 3.24 Boxplot znazaiujici rozdily v délce vSech intrér(vlievo) a prvniho intronu (vpravo) mezi geny
benA a tubC. Data neffa normalni rozloZeni (dle Shapirova testu) , ryzbyly statisticky signifikantni dle
Wilcoxonova testu (délka vSech intfop= 0,01532; délka prvniho intronu p=0,00397).
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3.2.8.3 Charakteristiky "codon usage"
Celatada charakteristik pouzivanych pro hodnoceni "coaage" (viz kapitola 1.4.2) se ukazaly jako velmi
vhodné k odliSeni paral@ighenA atubC u roduAspergillus, dokonce k tomu postairelativré kratka sekvence
BT2 fragmentu. Tyto ukazatele byly pro gasmA testovany na souboru 450 sekvenci (z prace Paté2668) a
sekvencich ziskanych v této praci), které repregieset asi 200 druhAspergillus. Pro gertubC ¢ital dataset 50
dostupnych sekvenci od 30 dfut?adna z nize uvedenych dat réamnormalni rozloZeni dle Shapirova testu,
pro nalezeni rozdilmezi olma datasety byl zvolen neparametricky ManfVhitneyav test (MWHt).

Vyznamné rozdily se daji nalézt jiz na Urouitich bazi kodoih Kde se jako vhodné ukazatele zdaji

byt obsah adeninu, thyminu i guaninu ietit pozici synonymnich kodér(A3s, T3sa G3) - viz Obr. 3.25.
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Obr. 3.25 Charakteristiky obsahu bazi véeti pozici synonymnich kodén ve kterych se daji nalézt
signifikantni rozdily mezi genpenA a tubC. Vlevo nahde:A3s (MWt p<0,0001); vpravo nalie: T3 (MWt
p<0,0001); vpravo dole: GIMW1t p<0,0001).
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Jako dalSi vyznamné markery v odliSefitubulinovych paralofy se ukazaly byt charakteristiky
pracujici se setem "optimalnich" kodojako napiklad frekvence optiméalnich koddn(Fop), "codon biased
index" (CBI) a "codon adaptation index" (CAl). Haaty Fop a CBI byly p@itany se setem "optimalnivh"
kodoni vytvorenym proA. nidulans. Pro statistiku CAl byl dostupny jen set kodooptimalizovany proS.
cerevisiae (http://codonw.sourceforge.net). Statistika efehtivpaiet kodorii (ENC) akoliv vySla signifikantr

rozdilnd mezi oéma geny, existuje vyznamnyeakryv v hodnotach mezi éma geny (Obr. 3.26).
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Obr. 3. 26 Charakteristiky pracujici se setem "optimalniclodéni a efektivni poet kodorii (ENC) jako
vhodné markery pro odliSeni paralogenA atubC. Vievo nahde: Ryp (MWt p<0,0001); vpravo nafie: ENC
(MWt p<0,009); vlevo dole: CBI (MWt p<0,0001); va@dole: CAl (MWt p<0,0001).
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Data ziskana ze statistiky "relativni zastoupenfosymnich kodofi' (RSCU) byla podrobena
mnohorozmirné analyze komponent, kter4 ukazala, &8imu variability v datech vystuji nékteré kodony pro
arginin, serin a prolin. U AMK argininu a serindgké maji Sest synonymnich kodompreferuje gen benA vzdy
jen jedinou variantu kodonu, u argininu kodon CGTu aerinu TCT. GeriubC pouziva bez vyrazisich
preferenci vSech Sest variant. U aminokyseliny ipvo{4mozné kodony) se v gero@nA téner nevyskytuji
kodony CCA a CCG, zatimco u paralogihC opst neni rozdil v pouZivani vSecityt alternativnich kodain
Analyza vyskytu &chto kodoii v sekvenci genu prg-tubulin dava dalSi cennou informaci, kterdzm byt
velmi dolkie aplikovatelna s polu s vySe uvedenymi statistikarnzliSovani obou paraldg

Statistiky, ve kterych nebyly nalezeny statistickgnamné rozdily pro odliSeni obou geyly obsah
G+C v sekvenci, obsah G+C ni@tf pozici synonymnich kodédn(GC3) a obsah cytosinu na véeti pozici
synonymnich kodahn(C3;).
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4. DISKUZE

4.1 Vysada molekularnich metod u rodiAspergillus

Pfi sowasném druhovém konceptu rodu hraji molekularni chete taxonomii a fi identifikaci izolat
Aspergillus nepostradatelnou Glohu. MnoZzstvi popsanych kriggtilc druhi dava morfologii stale mensi Sance
dosahnout determinace do druhu. Exaktni determinloRl je pitom potebna viad pripadi. Spektrum
produkovanych mykotoxina citlivosti k antimykotikm se mohou liSit mezi blizc&ipuznymi druhy. MnozZstvi
izolati, predevSim z klinického materiélu, nemusi vykazovahdardni morfologii aigsna determinace trbe
rozhodnout o volb 1éby.

Protoze wkteré sekce rodu maji obzvl&Swvelky ekonomicky vyznam Hlavi, Nigri, Fumigati,
Aspergillus) a jiz v negativnim (znehodnocovani potravin, patdgenprodukce mykotoxiin aj.), nebo
pozitivnim slova smyslu (produkce unikatnich bidakiich latek pouzitelnych farmakologicky, jsou géasti
postup vyroby potravin a produkujitdezité enzymy a organické kyseliny), ma smysl| poyés nové druhy v
roduAspergillus, protoze z jejichz popisuiie byt profit.

4.2 JebenAvhodny pro taxonomii?

Pro sodasnou taxonomii rodiéspergillus je genbenA nepostradatelny. Spolu s genem pro kalmodwuaM{
jsou jedinou dvoijici gen které jsou osekvenovany prétsinu drulii a zarové jsou dostaténé informativni,
aby postdily k rozliSeni druli v rodech, které rychle speciovaly a genetické lerd#sti mezi druhy jsou v
fadech Bkolika procent. Ani jeden z gérale neni sam o s&kschopen rozliSit vSechny drutiyspergillus a v
zavislosti na zkoumané sekci je vheéph jeden,ci druhy gen (Samsoet al. 2007; Peterson 2008). Proto ani
navzdory riziku amplifikace paralogu nenividd od genubenA upoustt. Geri s tak dobrou rozliSovaci
schopnosti je malo. Vyborna je i snadnd dosazigtlgenu, protoze soasné primery velmi ddb funguji
napi¢ Sirokym spektrem hub, i kdyz jejich specifita pkonrétni paralog nemusi byt ideélni. U genu pro
kalmodulin se to stejnéici neda. Je nutné&tsinou pouzivat primery navrzené pro uzsi skupin & rgkdy je
nutné zkouSet najergjSi kombinace k UsEné amplifikaci. Rodina kalmodulinovych paraioge pornérné
rozsahla (Friedberg et Rhoads 2001), ale aikynd amplifikaci takového paralogu v literé¢uchybi.

Cesta, kterou se jevi vhodné se ubirat fipgE genu benA je uwdomovat si riziko existence
paralognich geln znéat specifitu pouzivanych prinieu konkrétni skupiny (vS§imat si viggtnych produkt na
elektroforetogramu), navrhovat vice specifické mtiyna pro¥iovat neobvykle divergentni sekvence, které&itvo
dlouhé marginalni &ve ve fylogenetickych stromech. Paokou mize byt i vS§imani sitizného usptadani
intrond u blizce pibuznych drub, i kdyz toto kritérium je jen orientai a vyzaduje dalSi zkoumanfigusné
sekvence.

Mezi primery no¥ navrzenymi v této praci jsou nejefibec poprvé primery specifické pro paralog
tubC, které maji spiSe nez prakticky, vyzkumny vyznd&uaddilo se také navrhnout primery na samém konci
genubenA v hypervariabilni oblasti, které umagi amplifikaci celého genu tady sekci. Jednim z népgich
piinog této prace je bezesporu revize &mnych primer pro pouziti u roduAspergillus a navrzeni novych,
vhodrgjSich z hlediska specifity. Vyznamné je také dopeni pro sekcNigri, kde je naprosto nevhodné uzivat
primer Bt2a. Pouziti primeru T10 nebo &avavrzeného T10n bez vyjimkeSi problém amplifikace gerubC

v této sekci.
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U jinych druhi hub je problematikgs-tubulinovych paraloty bud jednodussi, protoze zadny dalSi
paralog ke genbenA neni itomen, nebo five byt daleko komplex§si (viz Tab. 1.5). U rodihizopus oryzae
nachazime hnedéptakovych paralofy Dokre je zde patrnd neostra hranice mezi tim, co naagvaulti-copy
geny a timgim jsou paralogni geny.iRod obou &chto skupin je prawbodobr piredevsim v genové duplikaci.
Divergence #kterych tchto duplikal u R. oryzae jsou vysoké, srovnatelné s paraldggnA a tubC u rodu
Aspergillus. Rozdily mezi jinymi duplikadty jsou naprosto mirdmi, napiklad jen na Grovni zasm v
synonymnich pozicich kodénnebo malého ptu zanénénych aminokyselin. Véhto gipadech neni Gpin
jasné, zda howvtt o jednom genu s&Sim pa@tem kopii, nebo o paralogu. Neni obtizrfédstavit si, jak rize
byt snadné amplifikovat stejnym setem pritngeden, ¢ druhy paralog/kopii, kter4 neni identicka. Pro
taxonomii jsou takové situace problém. Vliv pardlgg sice minimalizovan pouzivanim dat z viceligenedné
taxonimické studii, tyto ndgsnosti a zmatky plynouci z pouZiti paralognichigmou vSak nezanedbatelné.

Proto je trendem dneSni taxonomie, vybiratretpvsim single-copy geny.

4.3 Pozice introni neni nastroj k odliSeni paralogi benAatubC

Vibec prvnim, kdo zaznamenal mozny problém paratagG pro taxonomii byl Peterson (2008). VSimnul si
variability v paitu intronmi v BT2 fragmentu u sekdigri, Nidulantes aUsti. V piipadt sekceNigri identifikoval
dokonce amplifikovany fragment jako gemC. U vSech&chto sekci se z opatrnosti vyhnul pouziti géuhC v
analyze. Jak bylo zji&ho v této préaci, peet intromi v BT2 fragmentu neifize slouzit jako kritérium pro
rozliSeni obou paraldg Pozice introfl jsou v obou genech z&@ variabilni a urady drulii se mezi paralogy
nelisi (Obr. 3. 15). V fipack sekceNidulantes Peterson (2008) amplifikoval ve skéesti gerbenA, ktery se v
radmci sekce liSi v ptiu introni v BT2 fragmentu, obavy z jeho pouziti tedy nebyby misk. V sekciUsti byl
Udaj o variabili¢ introni chybny, Zadny fragment, kde by cRybintron autor neamplifikoval (osobni
komunikace). To je ve shdde zde prezentovanymi daty. ParatalgC nebyl u sekcéJsti nalezen, ani nebyla

zaznamenana variabilita v §a introni v genubenA.

4.4 Omyly v sekciNigri

DalSi taxonomické prace zabyvajici se sédigri nebyly tak obeietné jako Peterson (2008). Pouziti géuhC
bylo zaznamenano v cef@d® praci, ¥etrg téch Uplré nejaktualgjSich (viz Tab. 3.8). Pozorovani Petersona
(2008) #istalo takka bez povSimnuti. Jedna z mala recentnich préeria kkaregistrovala tento problém u sekce
Nigri, dezinterpretovala nalez autora jako odliSnosbétypintront u genubenA pro druhyA. japonicus a A.
aculeatus (Sgrensen et al. 2011). Situacedkalika druhi sekceNigri, kde se paralogbC v genomu nachéazi
(Tab. 3.7)je poreérné negrehledna. Tyto druhy jsou nerozliSitelné morfologiekkoncept drulnje postaven na
sekvencich gdnbenA, caM a datech o extrolytech (kterd konkrétntichto drulii nejsou dostateé vyjasrena,
navic se analyza extrolytrutinné neprovadi). Z hlediska polyfazickéheigiupu k druim Aspergillus, neni
druh zaloZeny na podpmjediného lokusu akceptovatelny.

V databazi GenBank jsouifpm fragmenty gentubC pro tyto druhy v pevaze. PrdA. japonicus je v
databazi ulozeno 15 sekvenci ozraych jakop-tubulin, z toho 14 pé#t genutubC. Pro A. aculeatus je tato
bilance 10 fragmeiitbenA ku 10 fragmenitm tubC. ProA. violaceofuscus je gentubC v prevaze 3:2. Alarmujici
je, Ze ani u jednoho zdhto drufi neni v databazi sekvenbenA od typového kmenu. Situaci napravila tato

prace ulozenim jak fragmenbenA, taktubC od vSechiti typovych polozek spolu s nélezitym ozaaim, o jaky
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gen se jedna (Tab. 3.7). Navic se gddadentifikovat gentubC u nepopsaného druhu ze sekdgri (CCF
4046), ktery tak reprezentujévrty druh, u kterého bytubC v sekciNigri zaznamenan.

GentubC u sekceNigri, zejména BT2 fragment je v porovnani s ostatnimhg Aspergillus nejmér
divergentni (asi 9 % na Urovni AMK sekvence) od wgdmenA. Blizkost &chto Usek obou paralog je
pravcEpodobr divod znménéné specifity primeru Bt2a u této sekce.iep porndrné malou divergenci seubC
sekvence ve vyslednych fylogenetickych stromeclagpod sekvenci reprezentujicibBnA lokus (podob#
jako na Obr. 3.20). Toghkolikrat vzbudilo debaty o novych druzich v sekligri (Samsoret al. 2004; de Vries

et al. 2005).Rada izolat v sekci budeizjme revidovana na zaklgdéchto zjistni.

4.5 p-tubulinové paralogy: pri¢iny a mozné nasledky rozdilné divergence

U rodu Aspergillus byly nalezeny jak rozdily viftomnosti resp. néfiomnosti paraloguubC, tak v jeho
divergenci od genbenA. Pokud bereme gdrenA jako pivodni gen, jehoz duplikaci vznikl geubC (tomu by
odpovidala vSeobeé&nstSi konzervovanost genu ri&pdruhy), pak musel podle stasné pedstavy o vzniku
paralognich geina pseudogen(viz kapitola 1.2.2) fevzit gentubC nékterou z funkci matského genienA,
aby mohl byt v genomu zachovan.

Rizna rychlost evoluce sekvence obou (Obr. 3.20)lpgkge ndzord demonstrovatelnd i na délce
vétvi ve stromech. GentubC vykazuji tSi divergenci nafi¢ druhy Aspergillus, vétve tétocasti stromu jsou
proto delSi. Uidznych druli probiha divergence paralogubC od matéské sekvenceenA razre rychle. To je
vidét jednak na odliSnych divergencich pardiag riznych drutii (Obr. 3.19), ale také na sekvenci paralogu
tubC u A. terreus, ktera zaujima ve stromu (Obr. 3.20) naprosto fiostaveni &¢i ostatnim sekcim nez je tomu
u genubenA.

Je otazkou, zda nizsi divergence obou pataioggi nizSi miru subfunkcionalizace a tedyétsi miru
redundance obou g&nNebo zda podobné miry subfunkcionalizace byldiznych druli dosazenoiznym
poctem degenerativnich mutaci. Vysoce divergentnitgb@, jaky je nachazen n&pu A. terreus, mize snad
znamenat, Ze gen &p k tomu stat se pseudogenem a posléze bude zngeabminovan jako u &kterych
dalSich druf Aspergillus. Je mozné, ze funkceibC bude u jistych drul rodu Aspergillus postradatelna
zatimco u jinych naopak nenahraditelnd wityich fazich ontogeneze. Uianych druli se snad rize funkce
genutubC i odliSovat.p-tubulin je multifunkéni protein a je proto mozné, Ze iznych druli prevzal paralog
tubC jinou funkci.

Onecré nizSi konzervovanost sekvengetubulinovych gefh hub je davéana také do souvislosti se
ztratou bazalnickelisek a centriol u &Siny hub (Dutcher 2001). Pokud gen ztrati jednswgeeh funkci, potom
logicky pisobi mensi tlaky na jeho zachovani priméarni stmyktisunkce bazalnicklisek a centriol souvisi s C-
terminalnim koncem, kde se nachazitsiny Zivatichi konzervovana oblast bohata na glutamat. Tato seleve
u roduAspergillus narads mist znénéna, vyrazsji jsou tyto zamsny vyjadeeny u paralogtubC. U genutubC A.
terreus tato oblast dokonce Uplrchybi, protoZe byl na jeji patek zéazen pediasny stop kodon TGA.
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4.6 Vztah rozdili v codon usage a délce intranke genové expresi a funkci proteinu

Souvislost mezi snizovanim ¢ta uzivanych kodainu gerii s vysokou mirou exprese je delznamagSharpet

al. 1986; Sharp et Devine 1989), naopak omezené riahéZpreference ve vitu synonymnich kodannebyly
sledovany u malo ippisovanych gen V této souvislosti by Slo sledovat jasnou analegparalog benA a
tubC. BenA silné preferuje jen omezeny pet kodorii , coz mimo jiné indikuje fada charakteristik jako nizky
efektivni p@et kodori (ENC), a vysoké statistiky CBI,of a CAIl (Obr. 3.26). Velmi vyrazné preference byly
nalezeny pro ¥které kodony argininu, serinu a prolinu. Naprospalo plati pro genubC. Na zaklad téchto
Udaji se d& oekavat diametrathodliSna exprese obou gen

Podle rkterych sodasnych hypotéz neni souvislost mezi CU a intenzitoprese tak linearni. Spise
nez kvantita exprese je im@dziovana funkni souvislost a koexprese ges podobnym CU (Lavner et Kotlar
2005; Najafabadét al. 2009). V souhlasu s 8ma €mito hypotézami jsou zéwy studii na funkci gentubC u
A. nidulans (May et al. 1985; Weatherbeet al. 1985; May 1989). Podle nich je paralagC minimalrg
prepisovan v obdobi vegetativniho, vySSi mira expteda sledovana azé¢hem konidiogeneze (stle vSak
podstats nizSi nez expresgenA). Ani mutanti s nefunknim genentubC vSak Uplg neztratili schopnost tvorby
konidii. Oba geny se tedy praygbdobré diametral@ liSi v mite exprese, jak naztise velmi odlisSny CU.
Navic odlisna funéni specializace a naprosto rozdilné expresni pagvdpodobré dale navySovaly rozdily
v CU.

Predstavu o vysSSi i@ exprese genloenA by podporoval i fakt, Ze sekvence genu je bohaShtrony
nez sekvence paralogtubC. Podle ®kterych zjiSéni se introny akumuluji fednostd u evoling
konzervovanych gen které maji vyssi kvantitu exprese (Carmtedl. 2007). Navic délka prviho intronu, ktery
je také u genibenA vyrazreé delSi (Obr. 3.24), pozitivhkoreluje s Urovni exprese genu (Mareisal. 2005;
Hugheset al. 2008).

Rod Aspergillus je idealnim modelem pro studium vzliamezi expresi paralognich denjejich
vzajemnou divergenci a mezi rozdily v codon us&ledovani genové exprese paréldghem Gznych fazi
zivotniho cyklu a @ vystaveni aznym podminkdm by objasnilo, zda existuje vztah indzergenci obou
paralogi, funkéni specializaci a mirou exprese. Neni jasné zdawivergence paral@igznai specializaci na
urcitou funkci, nebo zda vysoce divergentni paralodgynaulaci novych mutaci sfuji ktomu stat se
pseudogeny. Je mozné, Ze funkdeC bude u jistych drulhroduAspergillus naprosto postradatelna bez vlina
vitalitu, nebo naopak s vyzna&mi nez uA. nidulans. U rekterych druli byl gentubC z genomu Gpka

eliminovan (rkteré druhy sekcBligri, v fade sekci se paraltgbC nepovedlo amplifikovat - viz vysledky).

4.7 Kombinace molekularnich markefi p¥i rozpoznavanig-tubulinovych paralogi

Predkladana pracefipaSi radu ukazatél, které jsou iizré piesné v predikovani, zda dana sekvence nalezi
paralogubenA, nebotubC. Postulovat absolutni platnostkterého z &chto markeit by bylo @ili§ optimistické.
Ackoliv mohou data nap pro charakteristiky CBl adp vypadat velmi jednozraé a prakticky neexistuje
prekryv mezi datasety pro gdmenA a tubC, musime si wmit, Ze data pro getubC nejsou kompletni a
reprezentovala asi 30 dnulfcca desetina popsanych diuAspergillus), i kdyZ je nutno poznamenat, Ze gen
tubC pravdpodobré nebude zdalekafftomen u vSech druhAspergillus.
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Kombinace statistik zaloZzenych na prefém@m uzivani utittho setu kodaly obsahu bazi vereti
pozici degenerovanych kodibnspolu se sekveénim motivem charakteristickym pro kazdy z paréleg zda
jako mozna cesta k velmi spolehlivému rozliSeniwoparalog.

Platnost vySe uvedenych zasad pro rozliSovani ggméth gef u jinych taxori nez Aspergillus zni
velmi slibrg, ale bude muset byt pré&ena. Stejé tak nadjné zni pouziti &chto paramefr pro odhalovani

ptipadnych dalSich pochybeni jako se tomu staldkoeddigri
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5. ZAVER

Paralogni geny jsou klasickym problémem, ktery niasbnomiereSit. Protoze velké procento vSech
geni vzniklo genovou duplikaci, négkvapi, Ze jsou paralogni geny v centru zajmu. padce pinasi
jeden takovy fiklad z oblasti taxonomie jednoho z n#gFitjSich rodi vlaknitych hub - rodu
Aspergillus. Newdoma amplifikace paralogu genu gfdubulin pinesla dokonce spekulace o novych
druzich v okruhuA. niger. Problém, ktery vznikl kidi nedostaténé specifié primeid, trva dodnes a
nech&né amplifikovany paralog (zvanubC) se neustale objevuje v taxonomickych i jinak Zgmnych
studiich. Tato prace se rozhodla dany probfésit a reviduje specifitu sdasnych primer pro S-
tubulin. Oba paralogybenA i tubC se povedlo charakterizovat u p&nme riznorodého spektra drita
na zaklad téchto dat vytvait nové, vice specifické primery. Pro odliSeni olparalogd byla navrzena
fada market, které charakterizuji codon usage. Preference uzipéni omezeného setu kodose
ukazaly velmi charakteristické pro jeden z paralagstatistiky, které sipdpoklady omezeného codon
usage pracuji, s velkou spolehlivosti oba paralegyiSuji. Preference titého kodonu je pro dkteré
aminokyseliny se Sestiiznymi synonymnimi kodony (arginin, serin) t&rabsolutni jen pro jeden
kodon u genubenA. DalSimi charakteristikami, jak odliSit oba prajoge ukazala i celkova délka
intrond a délka prvniho intronu. byla vytipovana i mispedficka pro kazdy ze dvou paralgdtera
mohou slouzit jako jakési kotvytipovérovani, o ktery ze dvou gérse jedna. Problematika paraiog
benA atubC je rozsahla. Nagt druhy roduAspergillus vykazuje gentubC velmi rizné divergence od
paralogubenA, utady drulii dokonce chybi. Ve stle sowasnych poznatko vzniku paralognich gén
je mozné se ptat, jestli rozdilné divergence u @ddiych druhi maji vztah k #zné funkni
specializaci, nebo @ funkini zangnitelnosti obou paralag nebo jestli sila divergentni paralogy
spji k tomu stat se pseudogeny. Problemafikabulinovych paralofy se pravépodobré netyka jen
rodu Aspergillus, ale i dalSich hub. Ué&hkterych nachazime i vice nez dva takové paralogydeB
zajimavé prozkoumat, zda markery pouzité pro realiparalod u roduAspergillus funguji i u jinych

rodi a zda také odhali podobna taxonomicka pochyb&niaripad sekceNigri u roduAspergillus.
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Abstract

A dataset of 178 Aspergillus isolates, recovered from Czech patients mostly from 2007-2011,
was subjected to multilocus DNA sequence typing (ITS region, B-tubulin, calmodulin) and
morphological analysis. An unusually wide species spectrum included 33 Aspergillus species
and is discussed in the context of recent taxonomical novelties and previous clinical reports.
Invasive aspergillosis (IA), onychomycosis and otitis externa were the predominant clinical
entities. Five cases, including species newly discovered as a proven cause of human mycoses,
or cases caused by an unusual causal agent with a unique clinical manifestation are discussed
in more detail. Emericella rugulosa was recovered as the causal agent of a fatal necrotising
disseminated infection in a premature newborn and is, for the second time, reported as the
cause of IA. Furthermore, we document the first report of an A. calidoustus infection in a
chronic granulomatous disease (CGD) patient that manifested as a latent brain aspergilloma
with an unusual clinico-laboratory manifestation. Three species (A. insulicola, A.
westerdijkiae and A. tritici) were identified as the causative agents of non-dermatophyte
onychomycosis. In addition to the well-known agents of human mycosis, several rarely
isolated or poorly known species were identified. Among them were recently described
species, such as A. lentulus and A. calidoustus, which were characterised by a decreased
susceptibility to some common antifungal agents. An isolate of a tentatively new Eurotium
species was associated with a case of suspected onychomycosis. The notes on the morphology
of A. tritici, which exhibits substantial differences from the original description, are given,

and this taxon needs morphological revision.
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Introduction

The genus Aspergillus is divided into clusters of closely related species called sections. The
polyphasic approach, combining molecular, morphological, physiological and other
characteristics, is used to delimit the species within this genus [1]. Presently, of all the
abovementioned multilocus data are the most commonly used in the delimitation of species
boundaries with genealogical concordance phylogenetic species recognition (GCPSR) [2].
The majority of Aspergillus type strains were sequenced [3], which allows the reliable
identification of isolates based on sequence data from variable genes, such as B-tubulin
(benA), calmodulin (caM) and RNA polymerase II (rpb2). However, the concept of numerous
species had been changed based on molecular data, but appropriate morphological and
physiological changes were not published. Thus, the taxonomical status of some species
within genus Aspergillus awaited revision.

It is difficult to identify the number of clinical isolates to the species level by morphology
alone due to overlapping features and the presence of cryptic species. The cryptic species,
comprising several medically important taxa, are supported by GCPSR, have unique extrolite
profiles (including important mycotoxins) and antifungal susceptibility patterns but lack
diagnostic morphological characters. Previous studies have demonstrated notably different
antifungal susceptibility profiles across medically important species from the section
Fumigati, including important differences even between closely related sister species [4,5].
Although these cryptic species are rarely implicated in human diseases, the overall incidence
exceeds 5 % of all cases of invasive aspergillosis (IA) caused by species from the section
Fumigati [6]. Similarly, A. terreus comprises several cryptic species [3], one of which was
described in 2009 as A. alabamensis and is indistinguishable by morphology from A. terreus
[7]. A. tubingensis is a cryptic species in the A. niger complex whose phenotypic difference is
only detectable by a negative Ehrlich test [8]. Morphological identification based on sexual
state in case of teleomorphic species, such as homothallic Neosartorya, Emericella and
Eurotium, is time consuming. The features identified on ascospores, and in some cases by
scanning electron microscopy, are needed for the exact identification [9,10]. Finding a
compatible mating partner is necessary to induce ascomata formation in the heterothallic
opportunistic pathogen N. udagawae [11], whereas ascomata production may be lacking in
some isolates of N. pseudofischeri [10]. Therefore, morphology is not a practical method of
Aspergillus identification for clinical laboratories due to high requirements on time,

technological equipment and expertise.
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In the medical literature, species recovered from the nails, skin and external auditory canal are
usually identified only as Aspergillus sp. or in the species complex. The molecular
investigations necessary to reliably identify the fungal pathogen are not normally performed,
although Aspergillus is the most common aetiological agent of otitis externa among
filamentous fungi [12,13] and belongs to the most common agent of non-dermatophytic
onychomycosis [14]. The Aspergillus spp. are reported with varying frequency depending on
the geographic area and the criteria used by mycology laboratories [15-17]. However,
confirmation of the non-dermatophyte onychomycosis is problematic due to the necessity of
repeated sampling. Treatment is often initiated before a second sample is taken or the patient
does not present for follow-up sampling; thus, the causality of the isolated non-dermatophyte
onychomycosis cannot be confirmed.

The absence of species identification may lead to inappropriate treatment. Only a reduced
number of antifungal drugs are effective against dermatophytes and active against non-
dermatophyte filamentous fungi; important differences occur across Aspergillus species
[6,18].

The purpose of this study was to summarise the spectrum of Aspergillus spp. that occurs in
Czech patients. Isolates from superficial infections, IA and some other units are included. The
three-step molecular approach based on a comparative sequence analysis of the ITS region,
partial B-tubulin and calmodulin genes was used to reliably identify the isolates at the species
level and reveal cryptic species as recommended by an international Aspergillus working
group [9]. Several species that were first implicated in human infection are reported. A
number of uncommon species were incorrectly identified by morphology, demonstrating the
necessity of molecular markers for Aspergillus determination. We hypothesise that these
species are frequently misidentified or the identification has not reached the species level.
Several studies were recently published that used sequencing to examine the spectrum of the
Aspergillus species isolated as a cause of IA. A similar study for superficial infections caused
by Aspergillus is still lacking. In this work, among 178 isolates, over 100 were recovered

from superficial infections.

http://mc.manuscriptcentral.com/tmmy Email: irasalkin@aol.com



©CoO~NOUTA,WNPE

Medical Mycology

Material and methods

Fungal isolates. A total of 178 clinical isolates of Aspergillus originated in the Czech
Republic were analysed in this study. The Aspergillus isolates were obtained from clinical
specimens provided by the following regional institutions from 2007-2010: Department of
Mycology and Parasitology, Hospital Ceske Budejovice; Department of Clinical
Microbiology, Regional Hospital Pardubice; Dermatological Clinic, First Faculty of Medicine
Charles University in Prague; and Institute of Public Health, Prague. The samples originated
from well-documented cases that met the inclusion criteria mentioned below and were
deposited in the CCF (Culture Collection of Fungi, Department of Botany, Prague) were also
included (n=12).

Examined material. The isolates with probable or proven invasive aspergillosis (IA), in
accordance with the criteria of the European Organisation for Research and Treatment of
Cancer/Mycoses (EORTC) Study Group [19], were included in dataset as causal agents of IA.
Chronic pulmonary aspergillosis (CPA) and pulmonary aspergilloma (PA) were diagnosed
based on positive cultivation and microscopy, positive CT or radiograph and positive
galactomannan test. Histological specimens were obtained only in some cases: if the EORTC
criteria for IA could be applied and the infections could be classified as probable or proven
CPA or PA. Material obtained from the airways and lungs (sputum, bronchoalveolar lavage
fluid - BAL fluid, endotracheal aspirate, tissue resected from nasal sinuses, pleural punctate,
lung biopsy), abscesses, infected wounds and burns was examined microscopically and
inoculated onto Sabouraud glucose agar (SGA) plates with and without chloramphenicol and
into Sabouraud liquid medium (Bio-Rad) and incubated at 37°C. An additional culture was
incubated at 25 °C for specimens recovered from superficial lesions.

The inclusion criteria for isolates from nails used in this study included the following: clinical
suspicion of dermatomycosis, a positive KOH test for hyphae not resembling dermatophyte
hyphae, the presence of Aspergillus in a pure culture and no growth of the dermatophyte. This
criteria provided an accurate assessment with a sensitivity of approximately 54 % and a
specificity of approximately 70 % for non-dermatophyte onychomycosis according to
Summerbell et al. [20], and these cases were designated in Table 1 and Supplementary Table
1 as "suspected onychomycosis" (SO). Temporally separated samples from the same nail that
provided a sensitivity of approximately 60 % and a specificity of approximately 100 % [20]
were obtained in some cases and were considered to represent "proven non-dermatophyte

onychomycosis" (PO). The nail scrapings were inoculated onto slants of Sabouraud glucose
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agar (SGA) and onto slants of SGA with chloramphenicol and cycloheximide (both Bio-Rad)
and incubated at 25 °C for three weeks.

Mycotic otitis externa was diagnosed based on the clinical symptoms, the presence of fungal
elements in the direct microscopic examination of the scrapped material and a positive
cultivation (SGA at 25 °C and 37 °C).

DNA analysis. The DNA was extracted from five-day-old colonies using the Microbial DNA
Isolation Kit (Mo-Bio Laboratories, Inc.). The Mastercycler Gradient (Eppendorf) was used to
amplify the ITS region (ITS1-5.8S-ITS2) of the rDNA cluster and partial B-tubulin (benA)
gene using the primer sets ITS1F or ITS1 and ITS4 or NL4 and Bt2a and Bt2b as described
previously [21-23]. The partial calmodulin gene was amplified using the primers CFIM or
CFIL and CF4. The mixture (25 ul) contained 50 ng of genomic DNA, 20 pmol of each
primer, 0.2 mM of dNTPs (dNTP master mix, Invitek, Berlin, Germany), and 1 U of
DyNAzyme polymerase (Finnzymes) with the respective buffer (Finnzymes, Oy, Finland).
The reaction mixtures were subjected to 32 cycles under the following temperature regime: 95
°C/3 min, 55 °C/30 s, 72 °C/1 min (1x), 95 °C/30 s, 55 °C/30 s, 72 °C/1 min (30x) and 95
°C/30 s, 55 °C/30 s, 72 °C/10 min (1x). The PCR products were purified and sequenced using
both reverse and forward PCR primers obtained from the Macrogen Corp., South Korea. The
species identification was based on sequence similarity with type strains and comparisons
with other sequences originating from taxonomical monographs deposited in the GenBank
server using the BLAST similarity search. Unique DNA sequences obtained in this study
were deposited in GenBank under the accession numbers listed in Supplementary Table 1.
The ITS sequences were aligned using the ClustalW algorithm [24]. The cladogram was
constructed using the minimum evolution method implemented in MEGA4 [25].
Morphological observation. The identity of the isolates was confirmed morphologically. The
strains were grown on Czapek-Dox agar, Czapek Yeast Autolysate Agar (CYA), and malt
extract agar (MEA) plates at 25 °C and on CYA at 37 °C. Micromorphology was observed on
MEA. For the Eurotium species, CZA + 20 % sucrose, in addition to the media listed above,
was also used.

Preservation of strains. Representative isolates were deposited into the Culture Collection of
Fungi (CCF) in the Department of Botany of Charles University in Prague (the internationally
recognised culture collection) and are denoted by the prefix CCF (Supplementary Table 1).
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Results

Comparative sequence analysis - species spectrum

The identification, site of isolations, frequency and other details from all 178 Aspergillus
isolates are given in Fig. 1 and listed in Supplementary Table 1.

Forty-six cases of invasive aspergillosis (IA) could be classified according to EORTC criteria
as probable or proven IA (Table 1). Aspergillus fumigatus was the prevalent causal agent of
IA (n=32). Four other isolates belonging to section Fumigati were A. lentulus and N.
hiratsukae. The other isolates represented by frequencies below 7 % were A. calidoustus, A.
tubingensis, A. sydowii, E. rugulosa, A. flavus and A. terreus.

Fifty-eight isolates representing 24 species were recovered from the nails of patients
suspected to have non-dermatophyte onychomycosis. In 18 cases, the infection was confirmed
by repeated sampling and classified as proven. Aspergillus sydowii, A. versicolor s. 1.
(including A. versicolor s. str. and Aspergillus sp. "versicolor" isolates - see discussion) and
A. terreus comprised almost 50 % of all isolates. Aspergillus tritici and E. repens were
another species that occurred at a frequency above 5 %. Other species occurred at lesser
frequencies (Table 1).

Thirty-two isolates representing 10 species were associated with otitis externa. Aspergillus
flavus and A. fumigatus followed by A. niger, A. tamarii and A. sydowii were the most
common agents (Table 1).

Aspergillus fumigatus (n=8) and A. terreus (n=4) were the most common among 20 isolates
belonging to nine species isolated from infected wounds and superficial skin lesions (Table
1).

Six of the seven isolates associated with pulmonary aspergilloma were identified as A.
fumigatus, and in one case, A. tubingensis was recovered. All cases (n=6) of chronic
pulmonary aspergillosis were caused by A. fumigatus. The cases of sinusitis (n=6) were
caused by A. fumigatus, and A. flavus was recovered in one case (Table 1).

Several isolates from our dataset could be identified as previously recognised [3] but still
unnamed Aspergillus spp. (Aspergillus sp. "petrakii", Aspergillus sp. "versicolor", Eurotium
sp., teleomorphic state of A. proliferans). One putative new species of Eurotium (see

discussion) was discovered.

Case 1: Necrotising disseminated infection due to Emericella rugulosa in a premature

newborn
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Emericella rugulosa was associated with a fatal case of disseminated mycotic infection in a
premature newborn. The infant was born at the 25-week gestational age after unsuccessful
tocolysis (birth by Internal Podalic Version; weight at birth 790 g). The infant required
assisted ventilation. The histology of the placenta and membranes showed signs of purulent
chorioamnionitis. The newborn was protected by combined antibiotic therapy. During the first
days, respiratory distress syndrome grade III-IV developed, and periventricular-
intraventricular haemorrhage stage II-III was discovered. Surfactant doses were administered,
and the newborn was transferred to high-frequency oscillatory ventilation. On the 10th day,
the infant was haemodynamically unstable, and the hypotension was corrected by
catecholamines and volumotherapy. The haemodynamically important ductus arteriosus failed
to close after medical treatment (indomethacin) and was surgically ligated (11th day). A
necrotic focus, regarded as mycotic, was discovered on the 16th day. Amphotericin B was
added to the combined therapy. On the 22th day, the newborn developed septic shock, and
respiratory and circulatory support was necessary. On the 24th day, the infant was asystolic,
did not respond to cardiopulmonary resuscitation and died. An amphotericin B-resistant
(based on disc diffusion method, data not shown) strain, Emericella rugulosa (Fig. 2), was
cultivated (CCF 3089; FR733850, FR775322, FR751440) from necrotic tissue from the right
axilla and pericardial exudate. The central venous catheter entry was considered as the
primary site of infection. The thrombophlebitis of the superior vena cava spread via the
subclavian vein into the right axilla where a large necrotic lesion developed. Moreover,
multiple disseminated metastatic lesions were discovered in the lungs, pleura and kidneys

post-mortem.

Case 2: Clinical and laboratory manifestation of latent Aspergillus calidoustus brain
pseudoabcess in CGD patient

A case of IA due to A. calidoustus was detected in the brain of a 17-year-old boy with X-
linked chronic granulomatous disease (X-CGD). The X-CGD was diagnosed at 6 months of
age. The patient presented skin and perianal abscesses and fistulae, lymphadenitis and number
of respiratory infections in his personal history. More recently, the patient underwent surgery
for a bacterial liver abscess and was monitored for gastrointestinal (massive granulomatous
changes across the gastrointestinal tract) and urogenital (hyperplastic cystitis) complications
of underlying the disease (treated with corticosteroids). At age 17, the boy underwent
allogeneic haematopoietic stem cell transplantation (HSCT) from an unrelated donor.

Multiple post-transplant complications occurred, including mucositis, febrile neutropenia,
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engraftment syndrome, high blood pressure, progressive renal insufficiency and several
reactivations of a cytomegalovirus infection.

The patient was protected by posaconazole and treated in the single isolation room containing
a HEPA filter and under positive pressure. On day 39, after the HSCT, the serum
galactomannan index (GMI) reached a value of 1.17, and no other clinical signs of IA were
present. Although the dose of posaconazole was increased to a therapeutic dose on day 40, the
GMI continued to increase (Fig. 3), and the patient became subfebrile with an intermittent
headache (C-reactive protein was constantly at a low value; the donor haematopoiesis was
98 % on day 42; 2 % was autologous). On day 43, the posaconazole treatment was changed to
caspofungin. No signs of mycotic infections were discovered using imaging methods
(abdominal ultrasonography, CT of the lungs). The Aspergillus-specific RT-PCR from the
blood was repeatedly negative. On the 49th day, the patient was febrile with no response to
antipyretic therapy, had intensive headaches, and generalised convulsions were present. An
MRI of the head revealed evidence of a left temporo-occipital abscess bordered by oedema
and petechial haemorrhages (Fig. 4). Due to the suspected mycotic aetiology, voriconazole
was added to the caspofungin treatment, anticonvulsive therapy was provided by diazepam,
and mannitol was used to decrease the intracranial pressure. The presence of Aspergillus was
detected in the cerebrospinal fluid (CSF) using RT-PCR. The GMI, although decreased to a
value of approximately 1.0, remained positive. On day 63, the focus of infection was
surgically extirpated without complications. The boundaries of the focus were poorly defined
and corresponded to the definition of a pseudoabscess rather than an abscess. The mycotic
hyphae, characteristic of Aspergillus species, were observed microscopically. An Aspergillus
isolate (CCF 3755) with reduced susceptibility to azoles was cultivated (Fig. 4). The species
was identified as A. calidoustus by sequence data (FR733859, FR775341). The antifungal
therapy was changed to amphotericin B, and an MRI of the head (day 83) showed no
evidence of a recurrence of infection, although the GMI was positive (1.38). Four ventricular
hydrocephaluses developed with signs of acute decompensation. On day 88, the patient
suffered from severe headaches, and the level of consciousness was reduced. A
ventriculoperitoneal shunt was implanted (the GMI in cerebrospinal fluid was 6.32). Because
of the consistently high GMI, liposomal amphotericin B (AmBisome) was applied. The
treatment was well tolerated, and the GMI decreased to negative values. On day 119, the
serum GMI was positive again, and the MRI examination revealed a recurrence of the brain
pseudoabcess. Two foci were excised during the reoperation, and the cultivation was

negative, although hyphae were present in the examined material. Postoperatively, the GMI
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remained consistently negative in blood and in the CSF. No signs of a recurrence of mycotic
infection were observed, and the infection was considered as cured. The patient died on day
190, after HSCT, because of a brain haemorrhage.

CGD patients with an unrecognised latent infection are at high risk after HSCT. Infections
present without any clinical signs, and the GMI is negative in CGD patients. The endured
infectious foci are attacked by an increasing number of non-defective granulocytes, and the
infection can become reactivated and uncontrolled. The reactivation manifests as a leakage of

Aspergillus antigens into the body fluids.

Onychomycosis due to A. insulicola, A. westerdijkiae and A. tritici

In all three cases, the non-dermatophyte onychomycosis was confirmed in samples that were
temporally separated. The same Aspergillus sp. grew repeatedly in pure culture following a
positive result by direct microscopy. In all cases, the great toenail was affected.

Case 3: A. tritici (CCF 3853; FR727136, FR775327) was isolated as the causal agent of
distal-lateral subungual onychomycosis of the right great toenail in a 52-year-old man.
Conspicuous inflammation of the nail bed was present. The patient was taking regular
medication for type 2 diabetes. Treatment of the onychomycosis was not started because of
patient’s failure to return for therapy.

Case 4: A. westerdijkiae (CCF 4006; FR733837, FR775331) was isolated in a 54-year-old,
otherwise healthy, woman. The infection manifested as distal-lateral subungual
onychomycosis of the left great toenail. There was a history of a successfully treated
dermatophyte nail infection of the same nail 10 years ago. Firstly, the pacient was treated by
oral itraconazole (200mg/day) for a period of 6 months with no improvement. Subsequently, a
daily dose of 250 mg of oral terbinafine was administered and the infection was completely
cured.

Case 5: A. insulicola (CCF 3901; FR733834, FR775320) was isolated as the cause of white
superficial onychomycosis of the right great toenail in a 62-year-old, otherwise healthy,

woman. The nail lesion was completely treated by oral terbinafine (250 mg/day).

Notes on the morphology of A. tritici

The morphological appearance of two A. tritici isolates showed important discrepancies from
the original description [26]) and the description published by Varga et al. [27]. The original
description is based on one isolate with an atypical morphology showing extensively septated

conidiophore, small or inconspicuous vesicles, a reduced number of bulbous sterigmata and
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slightly roughened conidia. The micromorphological data from the original description was
adapted with minimal changes by Varga er al. [27]. We observed following characteristics
different from description presented by Varga et al. [27]: the vesicle diameter frequently
exceeded 11 um and reached a size 25 um, the conidia were smooth, and the conidiophores
observed on the MEA (medium recommended for micromorphology observation [28]) were
without septa. In addition, the photo-documentation of A. tritici, published by Varga et al.
[27], is consistent with these findings. Similarly, Dovicicova [29] observed a disparity
between the vesicle diameters from the description of A. tritici, although the author observed
septate conidiophores on CYA. In this study, A. tritici was practically indistinguishable from
A. candidus based on microscopic features. We examined two additional A. tritici isolates
maintained in the CCF (CCF 1649 - wheat flour, CCF 3314 - outside air) with the same result.
The description of A. tritici should be revised based on a higher number of isolates. The
growth at 37 °C and colony characteristics, particularly on CZA, seem to be reliable features

to distinguish A. tritici from A. candidus.

Ehrlich reaction in A. calidoustus isolates

The violet reaction should be useful characteristic for distinguishing A. calidoustus from some
other species within the section Usti [30]. We followed the methods of Samson et al. [8], and
the violet Ehrlich reaction was not observed in the A. calidoustus strains included in this study

(Suppl. Table 1), not even after new Ehrlich reagent was prepared.
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Discussion

The Aspergillus isolates were recovered from Czech patients identified using multilocus DNA
sequence typing. The morphology alone was unsatisfactory to provide identification at the
species level, although morphological methods were reliably able to identify isolates into
sections or species complexes. This fact can be important, particularly when distinguishing
species from the section Fumigati. In this study, three isolates of A. lentulus were revealed
among isolates identified as A. fumigatus. This cryptic species of A. fumigatus is characterised
by high MICs to amphotericin B, voriconazole, itraconazole and ravuconazole [4,6,31]. Other
species from the section Fumigati that had elevated MICs to some antifungals, such as N.
udagawae, N. pseudofischeri, A. viridinutans or A. fumigatiaffinis [4], were not isolated. One
isolate of Emericella rugulosa was associated with a fatal disseminated infection (see case
report 1). Isolates of E. rugulosa show decreased a susceptibility to amphotericin B similar to
E. nidulans and in contrast to some other Emericella spp. [32]. Therefore, distinguishing
Emericella species may be clinically important. Limited information is available concerning
the susceptibility to antifungal agents of species outside the sections Fumigati, Nigri, Usti and
Nidulantes (Emericella spp.). However, these species do not cause life-threatening infections,
and the susceptibility pattern can be specific. The treatment of superficial infections might be
long term, and recurrences can occur [33]. Molecular identification is not normally
performed, although many authors believe that it is important to identify the causal agent in
order to use the appropriate treatment. It is also recommended that the choice for an
antimycotic treatment should be based on the susceptibility of the identified species to prevent
the development of resistance [34,35]

A total of 33 species, based on GCPSR from 12 sections (Fig. 1), were discovered among 178
clinical isolates from Czech patients. Most of the isolates belonged to the section Fumigati,
although the most species-rich sections were Nidulantes, Circumdati and Aspergillus (Fig. 1).
Based on GCPSR (Table 1), the isolates recovered from superficial infections
(onychomycosis, skin lesions, otitis externa) involved 29 Aspergillus species, and some of
them had unresolved taxonomical status. However, we are aware that a part of isolates
included in the category "suspected onychomycosis" (Table 1) may represent contaminants
according to the liberal simple-association criterion [20]. The limitations in the confirmation
of non-dermatophyte onychomycosis are well known (see material and methods). Our data
were consistent with the spectrum of previously reported species, and in addition, we revealed

a number of species that have never been reported before from clinical material.
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Recent molecular studies have revealed several new medically important species inside the
section Fumigati [36-38]. A number of these species strongly resemble A. fumigatus and are
frequently misidentified by morphological examinations [10,11,31]. Three species within the
section Fumigati were recovered from clinical specimens in this study. Of the 73 isolates
belonging to section Fumigati, 67 were A. fumigatus, and from the remaining 6 isolates
originally identified as A. fumigatus strains with notably poor sporulation, three were A.
lentulus and three were N. hiratsukae. A. fumigatus was isolated from the broad spectrum of
material examined, although the sputum dominated (Table 1). Since its description in 2005
[36], A. lentulus has been regularly revealed in large clinical studies and comprised a
percentage of the isolates from the A. fumigatus complex [4,6,31]. N. hiratsukae has been
isolated as a causal agent of invasive infections and cutaneous lesions in humans [4] and in
hedgehog [39]. In contrast to A. lentulus, N. hiratsukae isolates showed low MICs to all
commonly used antifungal agents [4], although only a small number of isolates were tested.
The identification of isolates showing elevated MICs of the antifungals used clinically is
mandatory, although in vitro and in vivo correlation studies were not performed. High MICs
in vitro may not necessarily reflect the decreased susceptibility in vivo, especially because
growth differences could affect the results [4].

The sections Clavati, Cremei and Cervini have little medical importance and are represented
here by a single isolate, respectively. The section Clavati is mycotoxicologically important
[40], and only sporadic cases of systemic infections [41] and onychomycosis [42] were
reported. Aspergillus wentii was recently described as a causative agent of otitis externa [43].
Aspergillus kanagawaensis is a polyphyletic species [3] and has not been reported in
connection with clinical material.

Aspergillus candidus has previously been implicated as causative agents in a wide range of
human infections, including invasive infections [44,45], otitis externa [46] and
onychomycosis [47]. Recently, species from section Candidi were examined using the
polyphasic approach [27]. The sequence data clarified the validity of the species A. tritici,
which has been suggested to be synonymous with A. candidus. However, according to these
data, A. candidus cannot grow at 37 °C and is unlikely to cause invasive infections. Therefore,
the pathogenic species might be A. tritici or white mutants of A. flavus [27]. In our dataset,
three isolates from the nails and one from the external auditory canal belonging to the section
Candidi are included. Two isolates identified as A. candidus were re-identified, based on
sequence data, as A. tritici. To our knowledge, we have published here the first case of

onychomycosis due to A. tritici, although it is possible that A. tritici could be the causative
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agent in some of the previously reported cases of onychomycosis due to A. candidus [14,47].
The isolate CCF 3853 was recovered in two temporally separated samples, and a positive
KOH test supported the diagnosis of non-dermatophyte onychomycosis. The A. candidus
isolate CCF 3996 was recovered as an aetiological agent of mycotic otitis externa.

Three species, belonging to the section Nigri, were recovered from the sputum, nails and
external auditory canal. Both isolates from the sputum were identified as A. fubingensis. In
three other cases, rated as airways colonisation, A. tubingensis was also isolated (data not
shown). A recent study on Aspergillus isolates recovered from cases of IA in transplant
patients showed, for the first time, a high percentage of A. tubingensis strains among the
isolates from the A. niger complex [6]. Isolates belonging to A. niger complex show variable
susceptibility to azole derivates [5]. The isolates from the external auditory canal and the nail
were identified to be A. niger and A. carbonarius (Table 1).

Aspergillus flavus is treated in medical literature as the second most important Aspergillus
species to cause IA and is known from a broad spectrum of other human and animal diseases
(summarised by Hedayati et al. [48]). The importance of this fungus increases in regions with
a dry and hot climate [49]. In this study, A. flavus was isolated only once from the sputum,
and one case of sinusitis due to A. flavus was recorded. A high incidence of mycotic otitis
externa due to species belonging to section Flavi was noted. Aspergillus niger is usually the
most common causative agent of otomycosis [34,50,51], and A. fumigatus [13] or A. flavus
are rarely dominant [52,53]. A high frequency of A. niger might be linked to the different
sample extraction methods [53]. Among the 11 isolates from the section Flavi tested here, 8
were identified as A. flavus and 3 were A. tamarii. As far we know, A. tamarii has only been
associated once with proven otitis externa [34] in contrast to A. flavus, which is regularly
reported [54]. Previous cases of A. tamarii infections involved eyelid infections, keratitis and
onychomycosis [55-57]. The species is probably commonly misidentified as A. flavus.
Recently, section Circumdati underwent extensive changes [58] and includes taxa with
unresolved taxonomical position [3]. The species occurs predominantly in specimens from the
nails and skin. The isolate CCF 4081 from a skin lesion represents an unnamed species that
was treated in the past as A. petrakii [59]. The species is invalid because the type strain was
re-identified as A. ochraceus [3]. A. persii is a newly described species closely related to A.
sclerotiorum that is known from two cases of onychomycosis [33]. We revealed an additional
isolate in our dataset that was implicated in a case of onychomycosis. The morphology was
consistent with the original description [60], including the presence of septate club-like

enlargements on the hyphae. Another species associated with proven superficial white
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onychomycosis was A. insulicola, which is rarely isolated from the soil [61,62]. Aspergillus
westerdijkiae was isolated from a nail and superficial skin lesion and represents a newly
described species that is morphologically similar to A. ochraceus but is unable to grow at
37 °C [58]. The case of onychomycosis (isolate CCF 4006) was confirmed by repeated
sampling and by a positive microscopic observation. Until now, onychomycosis was
reportedly only caused by A. sclerotiorum, A. persii and A. ochraceopetaliformis [33,63,64].
The isolate CCF 4008 was recovered as the causative agent of otitis externa and was most
closely related to the A. fresenii type (the ITS sequence showed a 99 % benA and 98 % caM
similarity with strain A. fresenii NRRL 6161). A. fresenii was treated similarly to A.
sulphureus [65], but recent phylogenetic analysis confirmed its validity [3]. Our results show
that the relatively broad spectrum of species belonging to section Circumdati might be
implicated in nail and skin infections. Six isolates were first identified as A. sclerotiorum or A.
ochraceus. Based on the sequence data, all of these isolates were re-identified. Thus,
molecular methods should be mandatory to reliably identify species from the section
Circumdati.

Aspergillus terreus is known from a broad spectrum of infections, including disseminated
infections resistant to amphotericin B [66] and cutaneous and nail infections [14]. Invasive
infections due to A. ferreus comprise less than 3 to 10 % of all invasive Aspergillus infections
[6,67]. In our dataset, the isolates from the nails and skin were dominant, and only one isolate
was recovered from sputum. Aspergillus terreus was the only Aspergillus species isolated
from venous ulcerations (Fig. 1, Suppl. Table 1).

The section Usti includes the recently described human pathogen A. calidoustus that is known
from approximately 20-30 documented cases of IA, and in half of these cases, skin was
suggested as the primary site of infection [6,30]. Isolates that were previously identified as A.
ustus should be considered to be A. calidoustus due to the inability of A. ustus to grow at
37 °C and several other characteristics [30]. Only one case, A. granulosus, was reported for
another species from the section Usti [68]. The resistance of A. calidoustus to triazoles and its
variable susceptibility to caspofungin is important for managing IA [4-6,69]

In present study, three isolates of A. calidoustus were recovered from cases of IA. In one case,
the brain was infected in a CGD patient. The infection did not manifest clinically before
HSCT, and there was no positive Aspergillus marker (Fig. 4). The patient was protected by
posaconazole and treated in a single isolation room containing a HEPA filter and under
positive pressure so that a nosocomial infection was highly improbable. The significant values

of circulating galactomannan were detectable after a period of 39 days following HSCT, and

http://mc.manuscriptcentral.com/tmmy Email: irasalkin@aol.com



Page 17 of 32 Medical Mycology

©CoO~NOUTA,WNPE

Aspergillus-specific RT-PCR failed to detect the pathogen in the blood. The primary site of
infection remained unclear. The infection was successfully eliminated using surgical
intervention and liposomal amphotericin B.

Invasive aspergillosis in CGD patients represents a separate clinical unit with a number of
possible exceptions in the clinical presentation. Particularly, the encapsulation of the
infectious process and a lower level of angioinvasion could prevent leakage of the Aspergillus
antigen into the body fluids. Viable fungi could survive in the tissue, while circulating
Aspergillus markers remained undetectable [70]. The infections caused by Aspergillus are one
of the most common causes of death in CGD patients [71]. Aspergillus fumigatus and
Emericella nidulans are the most frequently reported species associated with CGD. An
Aspergillus calidoustus infection in a CGD patient, as far we know, has not been described.
The section Nidulantes is a species-rich section that includes a number of medically relevant
Aspergillus species. Aspergillus versicolor s. 1. consists of two lineages supported by GCPSR
[3]. Eight of the eleven isolates recovered from the nails belonged in the unnamed lineage
(isolates designated as Aspergillus sp. "versicolor"; the lineage includes isolate NRRL 4642
[3]), which creates sister clade to the A. versicolor s. str. Isolates identified as Aspergillus
versicolor s. 1. and A. sydowii were the most frequently isolated species recovered from
human nails. Torres-Rodriguez et al. [72] previously documented the relatively high
incidence of A. versicolor as a cause of onychomycosis. The aetiological significance of
reported invasive infections [73-76] is controversial because of the absence of growth at 37
°C. A. sydowii was previously recognised to cause onychomycosis (summarised by Takahata
et al. [77]) and peritonitis [78] in patients undergoing dialysis and is an uncommon cause of
IA [6]. In this study is represented by two isolates recovered as causative agents of IA. A.
unguis is a rare agent of human onychomycosis [79] and was recovered here from one case of
proven onychomycosis. Emericella is a teleomorph associated with the section Nidulantes.
Invasive infections caused by Emericella spp. appear to occur predominantly in CGD
patients. It has been shown that several closely related Emericella spp. are able to cause
human and animal infections, including invasive infections, sinusitis, nail and skin infections
[6,32,80-82]. Molecular methods or electron microscopy are indispensable tools for
distinguishing all of these species [9]. The activity of antifungal agents against some of these
species showed elevated MICs to amphotericin B or caspofungin in dependent of the species
tested [32]. One case of otitis externa due to E. nidulans and a suspected case of
onychomycosis due to E. variecolor were recorded in this study. An E. rugulosa isolate,

identified in this study, was recovered as a causal agent of a fatal disseminated infection in a
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newborn. The isolate had decreased susceptibility to amphotericin B. This lack of
susceptibility was discovered too late, and the amphotericin B was unfortunately chosen for
treatment. The only previous report of an isolation of E. rugulosa in pathological conditions
was a case of osteomyelitis in a CGD patient [83]. The isolate, originally identified as E.
nidulans, was reviewed by [32] and re-identified as E. rugulosa. Another isolate of E.
rugulosa was associated with bovine abortion [80].

The species, belonging to the section Aspergillus (Eurotium spp.), were abundantly
recovered from nail and skin lesions. Previous reports involved superficial and disseminated
infections caused by E. amstelodami (anamorph A. vitis), E. chevalieri (anamorph A.
chevalieri), E. herbariorum (anamoph A. glaucus), E. repens (anamorph A. reptans) and E.
rubrum (anamorph A. rubrobrunneus) (summarised by Hoog et al. [84]). In this study, E.
amstelodami with six isolates and E. repens (anamorph A. reptans) with four isolates were the
most frequent species. Although several isolates were previously determined to be E.
herbariorum, all of them were re-identified based on the sequence data. The [-tubulin
sequence of two Eurotium isolates recovered from nail and skin lesions were 100 % similar to
type strain of A. proliferans and represent the undescribed teleomorphic state of this species
that was considered to be the only strictly anamorphic species in the section Aspergillus.
Peterson [3] previously associated another two isolates with A. proliferans, which created
ascomata; nevertheless, a corresponding teleomorph description is still lacking. The B-tubulin
and calmodulin sequences of the two isolates, CCF 4097 and CCF 4098, were recovered from
nails with suspicious onychomycosis and showed approximately 97 % similarity to sequences
deposited in GenBank. The type strain of several species, which was not analysed by Peterson
[3], was sequenced (data not shown). The isolate CCF 4097 was identified to be the second
known isolate of E. costiforme, which was described in 1995 [85]. The isolate CCF 4098
represented an undescribed species closely related to E. herbariorum, but the morphology of

the colonies resembled E. rubrum. This species will be described elsewhere.

http://mc.manuscriptcentral.com/tmmy Email: irasalkin@aol.com



Page 19 of 32 Medical Mycology

©CoO~NOUTA,WNPE

Conclusion

The isolation of the causal agent of IA and subsequent molecular investigation are essential
for an accurate diagnosis and for the initiation of an adequate therapy. The necessity of
isolation, correct identification and investigation of antifungal susceptibility are highlighted
by three case reports dealing with unusual aetiological agents. In the first fatal case of IA, the
causal agent Emericella rugulosa was resistant to applied amphotericin B therapy and was
isolated post-mortem. In the second case, concerning a brain pseudoabscess in a CGD patient,
azole-resistant A. calidoustus as the causal agent was eradicated after a subsequent change of
treatment following the isolation of the causal agent. Similarly, a case of onychomycosis due
to A. westerdijkiae was successfully cured after treatment change. Moreover, cryptic species,
such as A. lentulus, revealed in the dataset have decreased susceptibility to commonly used
antifungal agents, and the morphology alone did not lead to an accurate identification. Data
on antifungal susceptibility of major causal agents are available, and the susceptibility
patterns are usually species-specific; therefore, the correct identification of a causal agent can
serve as a prerequisite for a target-related treatment. The identification of clinical isolates
recovered from non-IA patients is generally only at the generic or species-complex level. Our
study revealed a diverse spectrum, including 29 species recovered from superficial infections.
The three case reports presented here are the first clinical descriptions of onychomycosis
caused by three Aspergillus species that were previously considered as non-pathogenic. The
calmodulin and B-tubulin gene sequences served as excellent tools for distinguishing between

closely related species and helped to provide reliable species identification.
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1 Table 1 The identification of 178 clinical Aspergillus isolates and their clinical classifications

. —— . o Infected wounds
é Invasive aspergillosis Onychomycosis Otitis externa and skin lesions CPA* PA® sinusitis Total %
4 causal agent proven probable ) % proven  suspected > % > % > %
5 A. fumigatus 11 21 32 69.6 0 1 1 1.7 8 25.0 8 38.1 7 6 6 68 382
6 A. sydowii 2 2 43 3 8 11 19.0 3 9.4 1 4.8 17 9.6
7 A. terreus 1 1 2.2 5 1 6 10.3 2 6.3 4 19.0 13 7.3
8 A. flavus 1 1 2.2 1 0 1 1.7 8 25.0 0.0 1 11 6.2
9 A. sp. "'versicolor" 0 0.0 2 6 8 13.8 0.0 0.0 8 4.5
ig A. niger 0 0.0 1 1 2 3.4 4 12.5 0.0 6 3.4
12 Eu. amstelodami 0 0.0 0 3 3 52 1 3.1 2 9.5 6 3.4
13 Eu. repens 0 0.0 0 3 3 52 0.0 2 9.5 5 2.8
14 A. calidoustus 2 1 3 6.5 0 0.0 0.0 0.0 3 1.7
15 A. lentulus 2 1 3 6.5 0 0.0 0.0 0.0 3 1.7
16 A. tamarii 0 0.0 0 0.0 3 9.4 0.0 3 1.7
17 A. tritici 0 0.0 1 2 3 52 0.0 0.0 3 1.7
18 A. tubingensis 2 2 43 0 0.0 0.0 0.0 1 3 1.7
19 A. versicolor s. str. 0 0.0 1 2 3 52 0.0 0.0 3 1.7
20 A. proliferans 0 00 0 2 2 3.4 0.0 1 48 3 1.7
21 N. hiratsukae 1 1 22 0 2 2 34 0.0 0.0 317
5:23 A. candidus 0 0.0 0 1 1 1.7 1 3.1 0.0 2 1.1
24 A. westerdijkiae 0 0.0 1 0 1 1.7 0.0 1 4.8 2 1.1
o5 Ew.rubrum 0.0 0 2 234 4 AN 00 oo 2 L
26 A. carbonarius 0 0.0 0 1 1 1.7 0.0 0.0 1 0.6
27 A. clavatus 0 0.0 0 0.0 0.0 1 4.8 1 0.6
28 A. freseni 0 0.0 0 0.0 1 3.1 0.0 1 0.6
29 A. insulicola 0 0.0 1 0 1 1.7 0.0 0.0 1 0.6
30 A. kanagawaensis 0 0.0 0 1 1 1.7 0.0 0.0 1 0.6
31 A. persii 0 0.0 1 0 1 1.7 0.0 0.0 1 0.6
32 A. unguis 0 00 1 0 1 1.7 0.0 0.0 1 06
33 A. wentii 0 00 0 1 1 1.7 0.0 0.0 106
gg A. sp. "petrakii" 0 0.0 0 0.0 0.0 1 4.8 1 0.6
36 Eu. costiforme 0 0.0 0 1 1 1.7 0.0 0.0 1 0.6
37 Em. nidulans 0 0.0 0 0.0 1 3.1 0.0 1 0.6
38 Em. rugulosa 1 1 2.2 0 0.0 0.0 0.0 1 0.6
39 Em. variecolor 0 0.0 0 1 1 1.7 0.0 0.0 1 0.6
40 Eurotium sp. 0 0.0 0 1 1 1.7 0.0 0.0 1 0.6
41 number of isolates 16 30 46 18 40 58 32 21 7 7 7 178
42 species represented by only one isolate are separated by interrupted line; “CPA. chronic pulmonary aspergillosis; "PA, pulmonary aspergilloma; Eu.. Eurotium; Em.. Emericella; N.. Neosartorya
43
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Species Site of isolation Section
sputum (25), bronchial secret (10), ext. auditory canal (8), nasal
sinuses (6), wounds (5), burns (3), lung biopsy (3), BAL fluid (2),
A. fumigatus others (6)
£ A. lentulus sputum (2), BAL fluid (1) Fumigati
N. hiratsukae nail (2), BAL fluid (1)
L—"A clavatus skin (1) Clavati
L—— A. kanagawaensis _ nail (1) Cervini
A. tritici nail (3){case repo
__E A. candidus ext. auditory canal (1), nail (1) Candidi
m A. niger ext. auditory canal (4), nail (2)
A. carbonarius nail (1) Nigri
A. tubingensis sputum (3)
A. wentii nail (1) Cremei
A. flavus ext. auditory canal (8), nasal sinuses (1), nail (1), sputum (1) )
A. tamarii ext. auditory canal (3) Flavi
A. westerdijkiae skin (1), nail (1)
A. sp. "petrakii” skin (1)
A. persii nail (1) Circumdati
A. fresenii external auditory canal (1)
A, insulicola nail (1)| case report 5|
u A. terreus nail (6), venous ulceration (4), ext. auditory canal (2), bronchial secret (1) Terrei
A. calidoustus BAL fluid (1), sputum (1 i | Usti
Em. rugulosa necrotic tissue from axilla and pericardial exudate
Em. nidulans ext. auditory canal (1)
Em. variecolor nail (1)
A. versicolor s. str. nail (3) Nidulantes
A. sp. "versicolor” nail (8)
A. sydowii nail (11), ext. auditory canal (3), sputum (2), skin (1)
s /A, UNQUIS naii (1)
Eu. amstelodami skin (3), nail (2), ext. auditory canal (1)
ﬁ Eu. costiforme nail (1)
Eu. rubrum nail (2 B
Eu. repens skin((z)), nail (3) Aspergillus

Eurotium sp.
A. proliferans

nail (1)
nail (2), skin (1)

Fig. 1. The cladogram of the 33 Aspergillus taxa derived from the ITS region using the minimum
evolution method. The bootstrap consensus tree inferred from 1000 replicates is presented. The
branches were supported with >60 % support and are double thick. The site of the isolation and the
number of isolates (in parenthesis) are indicated. N., Neosartorya; Em., Emericella; Eu., Eurotium;

Hemicarpenteles paradoxus NRRL 2162

ext., external.
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31 Fig. 2 Emericella rugulosa CCF 3089. Eight-spored asci with ascospores containing two equatorial
32 crests and a rugulose convex wall (A); the biseriate conidial head (B); the globose Hiille cells
33 surrounding the surface of the cleistothecia (B); scale bars, 10 pm.
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Fig. 3 The results of the galactomannan detection in serum and CSF. A galactomannan index (GMI)
>0.5 is considered as positive. The results of the Aspergillus-specific RT-PCR performed with plasma
and CSF measured in genomic equivalents per millilitre are indicated (GE/ml). The white blood cell
(WBC) count and antifungal agents used in therapy are marked in the upper part of the graph. The
fungal antigens began to leak into the blood following the restitution of haematopoiesis after the
HSCT. A marked GMI decrease was observed immediately after the therapy with liposomal
amphotericin B was initiated. An adequate treatment and surgical intervention were successful in
brain infection management.
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Fig. 4 An MRI of the head showing an abscess in the left temporo-occipital area (A); Aspergillus
calidoustus CCF 3755 with brown biseriate conidiophores (B); the elongated Hiille cells (C).
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EMBL accession numbers

CCF numbers section, causal agent  Site of isolation Status and diagnosis TS benA caM
Fumigati

M_356 A. fumigatus blood proven 1A

CB_32 brain tissue proven 1A

CB_6; KL_462 bronchial secret proven 1A

CCF_3884 liver punctate proven 1A

CB_11;CB_46 lung biopsy proven 1A

M_227; M_343;1_4136;1_844 sputum proven 1A

CB_28 BAL fluid probable IA

CB_1; CB_3;CB_38; CB_43 bronchial secret probable IA

ME_695 pleural punctate probable IA

CCF_3384; CB_4; CB_8; CB_23; sputum probable IA FR733867 FR775354 -

CB_24; CB_33; CB_40; ME_43;

ME_1834; M_236; M_238; KL_188;

KL_220; KL,_401

CB_26 tracheal aspirate probable IA

CB_9; CB_20 bronchial secret CPA

CB_29;1_14;1.29; KL_523; sputum CPA

KL_504

M_73 BAL fluid pulmonary aspergilloma

CB_5;1 449 bronchial secret pulmonary aspergilloma

CCF_3522 lung biopsy pulmonary aspergilloma

CB_2; ME_202 sputum pulmonary aspergilloma

CCF_3623; CB_22;CB_35;1.24 maxillary sinus sinusitis FR837958 FR775352 -

114271 nasal polyps sinusitis

11341 sphenoidal sinus sinusitis

115 116,117 lacerated wound infected wound

CB_10;1_3019 surgical wound infected wound

113;1.14;118 third-degree burn infected wound

M_237; M_256; M_261; M_354; ext. auditory canal otitis externa

ME_6; ME_10682; ME_32;

KOLF_35

1.282 fingernail susp. onychomycosis

CCF_4059 A. lentulus sputum, pleural probable IA FR839681 FR851852 FR751460

punctate

CCF_4089 sputum proven 1A

CCF_3902 BAL fluid proven IA FR733864 FR775351 -

CCF_4102 N. hiratsukae BAL fluid probable IA FR837959 FR837969 FR837975

CCF_3988;1 98 toenail susp. onychomycosis FR733873 FR775343 FR751435
Clavati

CCF_2447 A. clavatus skin superficial skin lesion FR733876 FR775374 -
Cervini

CCF_3945 A. kanagawaensis toenail susp. onychomycosis FR733880 FR775332 FR837972
Candidi

CCF_3996 A. candidus ext. auditory canal otitis externa FR727137 FR775325 -

CCF_3962 toenail susp. onychomycosis FR727138 - FR751452

CCF_3853 A. tritici toenail proven onychomycosis FR727136  FR775327 -

SK_339; M_574 toenail susp. onychomycosis
Nigri

CCF_3388 A. carbonarius toenail susp. onychomycosis FR727127 FR775314 -

CCF_3990; CCF_4068; CB_42; A. niger ext. auditory canal otitis externa FR727126 FR775364 FR751421

M_328; FR733804 FR751414 FR751414

1.250 toenail proven onychomycosis

CCF_4067 fingernail susp. onychomycosis FR733807 - FR751443

CCF_4086; 1_466 A. tubingensis sputum probable IA

CCF_4087 sputum pulmonary aspergilloma FR851851 FR851860
Cremei

CCF_3365 A. wentii toenails susp. onychomycosis FR727118 FR775319 -
Flavi

M_902 A. flavus sputum probable IA

CCF_4035 nasal polyps sinusitis

CCF_3989; CCF_4074; CB_44; ext. auditory canal otitis externa FR733815 FR851861 -

M_9; M_402; M_404; ME_9872;

ME_44

1.555 toenail proven onychomycosis

CCF_4092; CCF_3874; M_109 A. tamarii ext. auditory canal otitis externa FR837964 FR839685 FR751459

FR851849 FR851856

Circumdati
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1
2 CCF_4008 A. fresenii ext. auditory canal otitis externa FR733823 FR851859 FR751420
3 CCF_3901 A. insulicola toenail proven onychomycosis FR733834 FR775320 -
4 CCF_3987 A. persii toenail proven onychomycosis FR733836 FR851858 FR751419
CCF_4007 A. westerdijkiae skin superficial skin lesion FR733833 FR839686 -
5 CCF_4006 toenail proven onychomycosis FR733837 FR775331 -
6 CCF_4081 A. sp. "petrakii" skin superficial skin lesion FR733832 FR775369 -
7 Terrei
8 CCF_3999 A. terreus bronchial secret probable IA
9 CCF_4066; CB_13; CB_15; CB_45 venous ulceration infected wound FR837961 FR775338 -
10 M_23; M_37 ext. auditory canal otitis externa
CCF_4065 fingernail proven onychomycosis
1;‘ CCF_3389 toenails and proven onychomycosis FR837962 FR775362 FR837976
surrounding skin
13 CCF_3993;1_564;1 559 toenail proven onychomycosis FR837963 FR775363 -
14  SK_276 toenails susp. onychomycosis
15 .
Usti
16 CCF_3755 A. calidoustus brain pseudoabscess proven IA FR733859 FR775341 -
17 CCF_2775 sputum proven IA FR733860 - FR751457
18 CCF_4057 BAL fluid probable IA
19 ;
Nidulantes
20 “CCr_3621 A. sydowii bronchial secret probable IA FR733840 FR775355 -
21 CCF_3622 sputum probable IA
22 CCF_3997; CB_47, M_76 ext. auditory canal otitis externa
23 CCF_3691 elbow skin superficial skin lesion
ME_1393; ME_225;1_458 toenail proven onychomycosis
24
1344 fingernail susp. onychomycosis
25 ME_1338; SK_211; SK_474;1_144; toenail susp. onychomycosis
1_146;1.210;1_305
26 CCF_3949 A. unguis toenail proven onychomycosis FR733842 FR775329 -
27 1.445 A. versicolor fingernail proven onychomycosis
28 CCF_4058; CF_3690 toenail susp. onychomycosis FR733838 FR775345 FR751437
29 FR733851 FR775337 FR751430
CCF_3994; CCF_4034 A. sp. "versicolor” toenail proven onychomycosis FR733848 FR775340 FR751436
30
FR733839 FR775344
31 1_440 fingernail susp. onychomycosis
32 CCF_4073;1.342;1.21;1.65;1.72 toenail susp. onychomycosis
CCF_3379 Em. nidulans ext. auditory canal otitis externa FR733847 FRS851854 FR751431
33
34 CCF_3089 Em. rugulosa necrotic tissue from proven IA FR733850 FR775322 FR751440
axilla and pericardium
35 CCF_4093 Em. variecolor toenail susp. onychomycosis FR839682 FR848829 FR839687
36
37 Aspergillus
33 M_240 Eu. amstelodami ext. auditory canal otitis externa
CCF_4071 thigh and neck skin superficial skin lesion
39 CCF_4069 heel skin superficial skin lesion FR839679  FR775356 -
40  CCF_3998 neck skin susp. onychomycosis
41  CCF_4070;1 237 fingernail susp. onychomycosis FR848825 FR775335 FR751442
42 CCF_4097 Eu. costiforme toenail susp. onychomycosis FR837960 FR837970 FR837974
CCF_4011 Eu. repens back skin superficial skin lesion FR839678 FR775358 FR751446
43 CCF_4072 trunk skin superficial skin lesion
44 1.97;,1.239 toenail susp. onychomycosis
45 1.91 fingernail susp. onychomycosis
CCF_4104;1_88 Eu. rubrum toenail susp. onychomycosis FR848826 FR848830 -
46 CCF_4096 A. proliferans palm skin superficial skin lesion FR848827 FR775375 -
47 CCF_4115;1.93 toenail susp. onychomycosis FR851850 FR851855 -
48 _CCF_4098 Eurotium sp. fingernail susp. onychomycosis FR848828 FR837968 FR837973
49 EMBL accession numbers refer to CCF strains bold printed; CPA, chronic pulmonary aspergillosis; susp., suspected; ext., external; Eu., Eurotium; Em.,
Emericella; N., Neosartorya
50
51
52
53
54
55
56
57
58
59
60
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Phaeohyphomycosis and onychomycosis due to
Chaetomium spp., including the first report of
Chaetomium brasiliense infection
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Hospital Inc., Czech Republic, tDermatological Clinic, Charles University in Prague, First Faculty of Medicine, Czech Republic, and
§Regional Institute of Public Health, Prague, Czech Republic

Chaetomium species have been rarely described as aetiological agents of invasive and
dermatomycotic infections in humans. The majority of cases have been reported within the
last two decades. Treatment failed in most of these cases. In this paper we present two cases
in which Chaetomium spp. can be clearly identified as an aetiological agent in pathological
conditions. In the first report, we describe a new aetiological agent, Chaetomium brasiliense,
which was implicated in a case of otitis externa in a patient with spinocellular carcinoma
basis cranii. The patient had been repeatedly treated for relapsing otitis externa and had
previously undergone surgery several times for otitis media. The fungal aetiology was
confirmed by repeated positive culture and histologic studies. The second case involved
onychomycosis with strikingly brown nail discoloration due to Chaetomium globosum
in an otherwise healthy patient. The nail lesion was successfully cured by oral terbinafine.
The determination of both species was supported by sequencing of rDNA regions. The
morphological aspect of Chaetomium spp. identification is also discussed. In vitro anti-
fungal susceptibility tests demonstrated that both isolates were susceptible to terbinafine
and azole derivates except fluconazole. Amphotericin B was effective only against the
C. brasiliense strain. We review the literature to summarize clinical presentations, histologic
findings, and treatment strategies.

Keywords otitis externa, nail discoloration, antifungal agents, disc diffusion method,
cancer patient
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Introduction

The increasing incidence of dermatomycotic infections by
non-dermatophyte filamentous fungi (NDFF) across sev-
eral decades is indisputable. However, the incidence of
NDFF dermatomycotic infections, particularly onychomy-
cosis, is highly variable and depends upon laboratory meth-
odologies used. The conventional criteria for the diagnosis
of NDFF onychomycosis [1] and other dermatomycotic
infections were modified and recently re-evaluated [2-5].
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Reliable and simplified criteria for the identification of
NDFF dermatomycotic infections are an indispensable
foundation for the diagnosis and treatment of this problem-
atic clinical entity. It is important to note that only a reduced
number of antifungal drugs effective against dermatophytes
have action spectra that include NDFF [6].

The term phaeohyphomycosis refers to a heterogenous
group of mycotic infections that are caused by a group of
fungi containing melanin pigments in their cell wall. They
are called phaeoid fungi (rather then dematiaceous) which
also includes members of the genus Chaetomium. While
there is a variety of definitions, the one based upon histo-
pathological finding is the one most frequently accepted in
medical mycology. Employing this definition, phaeo-
hyphomycoses encompass cutaneous, subcutaneous and
systemic infections in which the aetiological agent develops

DOI: 10.3109/13693786.201 1.572299
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in the host tissue in the form of dark-walled phaeoid myce-
lial elements [7,8].

Chaetomium is a member of the ascomycete family
Chaetomiaceae (order Sordariales) and encompasses more
than 100 species. Most of the species colonize cellulose-
rich substrata, such as plant debris, herbivore dung, paper
or textiles [9,10]. Many species produce mycotoxins of
medical and agricultural interest [11,12]. Chaetomium spp.
are generally referred to as soil saprophytes and are also
commonly isolated from the soil by techniques for isola-
tion of keratinophilic fungi [13,14]. Chaetomium globosum
was also detected in the air of special-care units of a
hospital [15] and as a contaminant of fluid for peritoneal
dialysis [16].

Recently, some species of Chaetomium have been reported
to be of medical interest as aetiological agents of systemic
and dermatomycotic infections [17]. No conidial anamorphs
are known in medically important Chaetomium species
with the exception of C. strumarium, which produces small
conidia on solitary phialides [18]. Other species propagate
strictly by ascospores. Infections due to a fungus without an
anamorphic state are exceptional in medical mycology.

In this paper, we report on otitis externa caused by
C. brasiliense and onychomycosis caused by C. globosum.
Case report 1 presents the first instance of infection due
to C. brasiliense. Case report 2 represents the second case
of onychomycosis due to Chaetomium in Europe in addi-
tion to a 2007 Spanish case [19]. Susceptibility to common
antifungal agents was characterized in the case isolates and
some other clinical strains of Chaetomium to approximately
assess the antifungal susceptibility pattern. The literature
was reviewed to summarize clinico-histopathological pre-
sentation and treatment of nail and skin infections due to
Chaetomium spp. Morphology, as well as sequence data
analysis were used in the identification of the isolates.
Recommendations and important features for identification
of Chaetomium spp. are also summarized in this paper.

Case report |

A 61-year-old woman was admitted to an otorhinolaryn-
gological (ORL) ward in May 2008 with a 2-week history
of marked left-sided hearing loss. The patient had had sur-
gery four times for otitis media in her personal history, the
last in 1970. She had suffered a head injury with otalgia
and infraauricular oedema in 2002 and had previously
experienced repeated inflammation in the left auditory
canal.

The patient underwent many neurological and ORL
examinations in 2007. Hypacusis and hypesthesia anterior
to the left tragus and mandible while reclining to the right
with an open mouth were diagnosed in August 2007. The
frontal wall of the left auditory canal was damaged with

numerous granulations and sanguineous secretions. Pro-
gressive, persistent neuralgia of the trigeminal nerve com-
bined with hypaesthesia of the lower lip was followed by
incomplete facial paresis in December 2007. Additional
symptoms were neurogenic cervicalgia and tingling on the
left side of the tongue. CT (August 2007) and MRI (June
2007) examinations revealed no clear signs of a tumor. The
patient was treated with ciprofloxacin drops for a supposed
relapse of bacterial otitis externa (4 drops twice per day for
10 days; this corresponds to 0.6 mg of active substance per
day). After 2 weeks of treatment, the patient complained
about ringing in her ear and developed fluid in the left ear.
Repeated CT examination (May 2008) revealed multiple
inflammatory changes in the tympanic cavity and basis cranii.
Diagnostic paracentesis of the membrana tympani was per-
formed (June 2008), with several tissue samples recovered
for histological and microbiological examination. An inva-
sive, moderately differentiated spinocellular carcinoma was
confirmed by histological examination and abundant fun-
gal growth was noted in cultures. The recovery of the fun-
gus led us to perform further examinations of the previously
obtained tissue samples (hypertrophic granulation tissue
from the external auditory canal and Eustachian tube).
Brown walled fungal elements were revealed in the
tissue sections. Using Grocott methenamine silver stain
(GMYS) the fungal structures were highlighted, occasional
thick-walled mycotic hyphae and thick-walled spherical
mycotic cells were observed (Fig. 1).

Mycotic otitis externa was verified by repeated sampling.
The obverse of colonies on Sabouraud glucose agar (SGA)
was initially white due to abundant aerial mycelia and later
turned grey (Supplementary Fig. 1 — online only), while the
reverse was black. The primordia of fruiting bodies with
numerous ascomatal hairs developed within 2 weeks but
failed to mature over several weeks of incubation. The
fungus grew rapidly at 37°C. Further studies were con-
ducted on corn meal agar (CMA) and on potato carrot agar

Fig. 1 Histopathology taken from a nodular lesion from the external auditory
canal. Occasional thick-walled, mycotic hyphae and thick-walled spherical
bodies were discovered using Grocott silver staining.
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(PCA) [20]. The fungus grew on these media at 25°C and
the isolate was identified as Chaetomium brasiliense
(Fig. 2, Supplementary Figs. 2—6 — online only) according
to Arx et al. [10].

Despite these findings, the patient was not subjected to
antifungal therapy. Surgical therapy was not indicated due
to the advanced stage of the cancer. The patient underwent
radiotherapy (70 Gy/33 fractions/7 weeks) and chemother-
apy (cis-dichlorodiammineplatinum [II]; 40 mg 4 times in
the period of 6 weeks) with no evident improvement. Anal-
gesic therapy was prescribed and the patient was under
long-term dispensarization. Serum biochemical and hema-
tological analysis and peripheral blood count remained in
the reference limits until the advanced stage of the disease.
The patient did not suffer from any other immunosuppres-
sive or chronic disease and died a year later (September
2009) of a bacterial respiratory infection and respiratory
failure secondary to advanced cancer.

Case report 2

A 48-year-old male presented with a severe nail infection
in December 2006. He first noticed a possible infection in
the nail plate of the first digit of the left foot a year earlier
following a traumatic haematoma acquired during a bas-
ketball game. Later, it spread from the distal margin of the

) A

nail proximally with the nail plate of the left second digit
becoming affected. The nails were discoloured, dystrophic
and thickened by hyperkeratosis (Fig. 3A).

The patient had previously been treated for flexural
eczema with topical corticosteroids. At the time, the eczema
manifested intermittently on the hands and was success-
fully treated by local corticosteroids application. The
patient was otherwise healthy and was not regularly taking
any other medications.

The direct microscopic examination of the affected
nails in 20% KOH mounts revealed aggregates of swollen,
thick-walled brown cells and hyphae (Fig. 3B). Nail clip-
pings were inoculated onto SGA slants with and without
chloramphenicol (Bio-Rad) and incubated at 27°C. Exten-
sive growth of a non-dermatophyte hyphomycete in pure
culture was observed after 2 weeks of incubation and the
same fungus was recovered during a subsequent visit.
Colonies on SGA were initially white and cottony but
became dark olive green with age. Microscopic examina-
tion of the colonies showed subglobose perithecia with
numerous ascomatal hairs and lemon-shaped ascospores.
Growth at 37°C was restricted. Further studies were con-
ducted as described in the first case. The isolate was iden-
tified based on its morphology (Fig. 4, Supplementary
Figs. 1, 6-8 — online only) as Chaetomium globosum
according to Arx et al. [10].

ﬁ) (8)

Fig.2 Chaetomium brasiliense CCF 3878 — case 1. Perithecium with spirally coiled ascomatal hairs (A), scale bar, 50 um; cylindrical ascus (B), scale

bar, 10 um; ovate ascospores (C) with a single germ pore, scale bar, 10 gm.
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Fig. 3 Onychomycosis due to Chaetomium globosum — case 2. Thickened, dystrophic and hyperpigmented toenails (A). Direct microscopic examination
of the nail sample in 20% KOH revealed brown, thick-walled fungal elements (B).

A daily oral dose of terbinafine (250 mg) was adminis-
tered for 3 months. After 8 months (November 2007), the nail
plates showed healthy growth and only slight hyperkerato-
sis persisted in the nail plate of the left big toe. KOH
preparations and cultures were negative.

(A)

Materials and methods
Preservation of strains

Cultures of the case isolates were entered into the Culture
Collection of Fungi (CCF), Department of Botany, Charles

Fig. 4 Chaetomium globosum CCF 4060 — case 2. Perithecium with undulate ascomatal hairs (A), scale bar, 100 um; clavate ascus (B), scale bar,

10 pm; limoniform biapiculate ascospores (C), scale bar, 10 um.
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University in Prague, and were designated as stated in
Table 1.

Antifungal susceptibility testing

The in vitro antifungal drug susceptibility of the Chaetomium
isolates was investigated by the disc diffusion method. Seven
clinical isolates of Chaetomium belonging to three species
(C. brasiliense, C. globosum, and C. funicola) were chosen
for susceptibility testing (Supplementary Table S1 — online
only).

Inoculum preparation

The isolates were grown on PCA for 3 weeks at 25°C. The
inoculum was prepared by transferring the perithecia via a
sterile swap into 15 ml sterile tubes containing 5 ml of
sterile distilled water. The suspension was vigorously vor-
texed for 15 sec. Heavy hyphal fragments and perithecial
wall fragments were removed by passing the suspension
through a sterile nylon filter (pore size 20 #m). A homog-
enous suspension, consisting mainly of ascospores, was
adjusted spectrophotometrically at 530 nm by adding
sterile water to obtain optical densities that ranged from
0.092-0.110 (78-81% transmittance).

Plate inoculations

Suspensions were applied to the surfaces of 90 mm RPMI 1640
agar plates (TRIOS) by dipping a sterile swab applicator

Table 1 Reported cases of dermatomycotic Chaetomium infections.

into the ascospore suspension and streaking it across the
surface of the plates in three directions. The plates were
allowed to dry at ambient temperature for 20 min.

Disc diffusion method

The paper discs (ITEST) of amphotericin B, 5-fluorocyto-
sine, fluconazole, itraconazole, miconazole, ketoconazole,
voriconazole and terbinafine were applied to the surface
of the inoculated plates, which were then incubated at
25°C and read after 48 and 72 h. Zone diameters were
measured to the nearest whole millimetre at the point
where there was a prominent reduction in growth (80%).
Zone diameter categories were assigned as susceptible,
intermediate (susceptible dose-dependent) and resistant
according to the manufacturer’s instructions (Supplementary
Table S2 — online only).

DNA analysis

Genomic DNA was isolated from 7-day-old cultures using
a Microbial DNA Isolation Kit (Mo Bio Laboratories,
Inc.). Amplification of the rDNA ITS (ITS1-5.8S-ITS2)
region was performed using the primers ITS5 and ITS4S.
A partial sequence of LSU rDNA was amplified with the
primer set NL1 and LR6. PCR amplification was performed
using the same cycling conditions for both rDNA regions
and followed the procedures described in Kolarik ez al. [21].
PCR product purification and sequencing was performed

Patient/ Age/ Sex Treatment
Reference Species Clinical features Location of patient Predisposing factor outcome
Patient 1 C. brasiliense Otitis externa’ Czech 61/F Injury of head, No antimycotic
(CCF* 3878) Republic surgeries, tumor therapy
Patient 2 C. globosum Onychomycosis (toenails)® Czech 48/M Trauma, eczema Cured
(CCF 4060) Republic
[19] C. globosum Onychomycosis (toenail)” Spain 23/M Football player Cured
[30] C. globosum Onychomycosis (toenails)” USA 83/F Age NR
[26] C. globosum Onychomycosis (fingernails, toenail) Japan 57/M Intensive traveling Improvement
[27] C. globosum Onychomycosis (fingernails) Brasil 62/F Trauma Failed
[28] C. globosum Onychomycosis (fingernails)* India 26/M Trauma NR
[32] C. globosum Onychomycosis (fingernails) India 25/M Acid burn NR
[59] C. globosum Subcutaneous phaeohyphomycosis’ China 13/M Farmer NR
[29] C. globosum Subcutaneous phaeohyphomycosis® China 14/M Immunodeficiency, Failed
cardiomyopathy
[27] C. globosum Superficial phaeohyphomycosis® Brasil 64/F Trauma Cured
[25] C. globosum Superficial phacohyphomycosis® Italy 46/M NR Cured
[60] C. funicola Superficial phaeohyphomycosis® Germany 71/M Age NR
[58] C. funicola Chromoblastomycosis Panama 83/M Age, farmer Failed
[61] C. murorum Subcutaneous phaeohyphomycosis’ China 25/F Farmer NR
[31] Chaetomium sp. Onychomycosis (toenails) Spain 11/F Eczema Cured
[47] Chaetomium sp. Superficial phaeohyphomycosis® Brazil 8/F NR NR

"Brown-colored hyphae were observed in direct microscopy.
“Hyaline, septate hyphae were observed in direct microscopy.

fCCEF, the isolated are maintained in the Culture Collection of Fungi (CCF), Department of Botany, Charles University in Prague; NR, not reported.
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at Macrogen Inc. (Seoul, South Korea). Using a BLAST
similarity search, obtained sequences were compared with
sequences listed on the GenBank server. Sequences were
deposited into EMBL database under accession numbers
FR718872-3 and FR823008-9.

Results
Disc diffusion method

Drug susceptibility test results for both case isolates are
summarized in Table 2 and the results for all seven isolates
are included in Supplementary Table S1 — online only. For
all antifungal agents, except for amphotericin B, there were
no significant differences in the inhibition zone diameters
when read after 48 h or 72 h, i.e., the values remained in
the same category. For amphotericin B, the diameter of the
inhibition zone was markedly reduced after 72 h. C. funicola
strains, although susceptible after 48 h, were scored as resis-
tant after 72 h (Supplementary Table S1 — online only).

All the Chaetomium strains tested showed resistance by
the disk diffusion method to 5-flurocytosine and fluconazole.
Conversely, all strains were susceptible to itraconazole,
voriconazole, miconazole and ketoconazole. The C. globosum
strains were resistant to amphotericin B and intermedi-
ately susceptible to terbinafine in contrast to the strains of
C. funicola and C. brasiliense that were susceptible.

Molecular data analysis

The morphological identification of the C. brasiliense strain
CCF 3878 was supported by a partial LSU sequence that
was 100% similar to the C. brasiliense strain sequenced by
Untereiner et al. [22]. Sequence of the ITS region showed
only a 92-93% similarity to some related Chaetomium spp.
and to some other genera of ascomycetes. No sequence of
the ITS region of C. brasiliense had previously been deposited
into GenBank.

The ITS, as well as partial LSU sequence of the
C. globosum strain CCF 4060 was 100% similar to C. globosum
isolates sequenced by Sugiyama et al. [23] and to some

Table 2 Disk diffusion method results after 48 h incubation.

Antifungal agent

Examined strain AMB VOR ITR TER MIC KET 5-FC FLU

C. brasiliense S S S S S S R R
CCF 3878 (case 1)
C. globosum R I S I S S R R

CCF 4060 (case 2)

AMB, amphotericin B; VOR, voriconazole; ITR, itraconazole; TER,
terbinafine; MIC, miconazole; KET, ketoconazole; 5-FC, 5-fluorocytosine;
FLU, fluconazole; S, sensitive; I, intermediately susceptible; R, resistant.

other C. globosum isolates deposited in the internationally
recognized culture collections. The LSU region was 99%
(535/537 bp) similar to C. globosum isolate MUCL 39889
sequenced by Untereiner et al. [22]. In addition, the ITS
sequence showed 100% similarity to ‘C. brasiliense’ strain
NRRL 22999 (GU183109) and the LSU sequence was 100%
similar to ‘C. murorum’ strain UOA 9860 (GQ376100).

Discussion

Chaetomium spp. are not considered to be keratinolytic,
although they are frequently isolated from soil via the hair
baiting technique [13,14]. In the natural process of kerati-
nized substrates degradation, Chaetomium spp. may con-
tribute significantly at a certain stage of succession, and
participate in the degradation of complex substances in a
natural scenario [14,24]. This suggests that Chaetomium
spp. have the potential to degrade damaged nails and skin.
Age-related nail and skin changes, including reduced func-
tion, are well known. Phaecohyphomycoses are generally
believed to occur as a result of traumatic implantation of
fungal material from contaminated plants or soil, other cases
have been reported in elderly, as well as immunodeficient
patients [8]. Similarly, Chaetomium spp. typically cause
nail and skin infections secondary to some transient insult
or secondary to some underlying problem, although a few
cases without evident primary insult have been reported
[25,26]. These infections are characterized by chronicity
and difficulty in treatment. The infection progresses slowly
and patients usually present several years after its initiation
[19,27,28].

Nail and skin infections incited by Chaetomium spp.
occur predominantly in posttraumatic immunocompetent
patients, with only one case reported in a patient with evi-
dent immunodeficiency [29] (Table 1). Clinical presentations
of cutaneous infections include superficial phacohyphomy-
cosis, deep subcutaneous phaecohyphomycosis, or chromo-
blastomycosis (Table 1). One case of erythematous epilation
in a dog due to C. globosum has been described [23]. Nail
infections manifest as onychomycosis with strikingly brown
to black [27,28,30], or yellow-brown [19,26,31,32] discol-
oration. Toenails, as well as fingernails may be affected and
the lesions may spread to the surrounding skin [27]. Simi-
larly, the intensive brown to brown-black nail discoloration
may occur in nail lesions caused by some other filamentous
fungi such as Trichophyton rubrum var. nigricans, Scytalidium
dimidiatum, Alternaria alternata, Microascus desmospo-
rus [33], Curvularia lunata [34], Exophiala dermatitidis
[35], Fusarium oxysporum [36], Aspergillus spp. [37],
Onychocola canadensis [38,39] and Scopularipsis brumptii
[40]. In differential diagnosis it may be important to exclude
melanonychia associated with subungual melanoma in some
instances [39].
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C. globosum is clearly the predominant species in der-
matomycotic infections and the only species of the genus
Chaetomium that has thus far been isolated as an aetio-
logical agent of onychomycosis. Until now, onychomyco-
sis due to C. globosum has been described from several
tropical countries and from Japan, USA and Spain (Table
1). The present case is the second published case from
Europe. Another related species, C. funicola and C. muro-
rum, were isolated three times from subcutaneous lesions
(Table 1). Systemic Chaetomium infections include about
20 documented cases in leukemic and transplanted patients
and several intravenous drug users (summarized by Al-
Aidaroos et al. [41]). The infections manifested as pneu-
monia, empyema, and disseminated disease with the brain
commonly affected. With several exceptions, these infec-
tions were fatal [41,42].

Optimal growth of C. globosum occurs at 30°C. This prob-
ably explains the predilection of C. globosum for cooler
body areas such as the superficial skin layers and nails.
Although C. globosum is ubiquitous and, therefore, has the
potential to cause systemic infections in immunocompro-
mised hosts, such cases are typical of other Chaetomium
spp. with higher growth optima [42]. Chaetomium atrob-
runneum, C. strumarium, and C. perlucidum were reported
as aetiological agents of systemic infections. In contrast to
C. globosum, these three species grow rapidly at 37°C [42].
C. brasiliense is another Chaetomium species with signifi-
cant growth at this same elevated temperature. In this aspect,
C. brasiliense resembles the species of Chaetomium that
cause disseminated infections and differs from C. globosum
and C. funicola.

Chaetomium brasiliense was previously reported (under
the synonymous species name C. perpulchrum) as a caus-
ative agent of onychomycosis [27]. Published pictures clearly
show important differences between this strain and the
micro-morphology of C. brasiliense. The case was reviewed
by Guarro et al. [43] and Abbott ef al. [18] and the strain
was re-identified as C. globosum. Nevertheless, this case
report is still occasionally incorrectly cited in the literature
[19,44,45]. The morphological features that are useful in

the differentiation of clinically relevant Chaetomium spp.
recovered from nail and skin infections are summarized in
Table 3. PCA medium (or CMA, according to the recom-
mendations of Arx et al. [10]) is the most suitable medium
for identification of Chaetomium spp. When grown on
PCA, characteristic features are well-developed, perithecia
mature rapidly, and the aerial mycelium is minimized
(Supplmentary Fig. 1). On SGA, despite rapid growth and
mass of the aerial mycelium, the fruiting bodies remain
immature for a long period and not all features are well
developed. This could explain the frequent erroneous iden-
tification of the genus and unsatisfactory photo documenta-
tion in some published cases (e.g., immature perithecia are
shown [25,26,46,47]). Some of the case reports were sub-
sequently revised, and the etiologic agents were re-identified
[18,43]. Use of SGA is inappropriate for the morphological
identification of Chaetomium spp. despite its prevailing use
within the medical community.

Morphological identification of the case isolates was in
agreement with ITS and LSU sequence data. Although ITS
sequence of the case 2 isolate (FR823008) displayed 100%
identity to sequences of C. globosum, the results indicated
close identity to one of ‘C. murorum’ UOA 9860
(GQ376100). Similarly, LSU sequence of the case 2 isolate
(FR823009) was identical to one of ‘C. brasiliense’ NRRL
22999 (GU183109). The only sequence-based phylogeny
dealing with the genus Chaetomium is based on LSU data
[22]. The partial LSU sequence of strain NRRL 22999 shows
3% dissimilarity (15/500 bp) in LSU sequence to those of
C. brasiliense (AF286396.1) as published by Untereiner
et al. [22] and to LSU sequence of case 1 isolate (FR718873).
The LSU sequence of the isolate C. globosum MUCL 39889
(AF286403) and C. murorum MUCL 40179 (AF286405)
sequenced by Untereiner et al. [22] show 2% (17/100 bp)
dissimilarity. It is unlikely for C. murorum to have a 100%
similar ITS sequence to C. globosum isolates and simulta-
neously a dissimilar LSU sequence. It suggests with high
probability that both isolates (NRRL 22999, UOA 9860)
are misidentified. The data from taxonomic monographs
should be considered as more reliable. C. brasiliense has,

Table 3 The morphological features differentiating clinically relevant Chaetomium spp. recovered from nail and skin infections®.

Colonies (CMA, 25°C)

Ascomatal hairs

Species name Ascus Ascospores: shape; size (LLm)

C. brasiliense Cylindrical® Ovate; 7-8.5 X 6-7 X 5-6°

C. funicola Clavate® Ovate, slightly apiculate;
6-7.5 X 4-4.5¢

C. globosum Clavated Limoniform, biapiculate;
9-12 X 8-10 X 6-8°

C. murorum Clavate Ellipsoidal to broadly

fusiform; 13—-17 X 7-9

Grey; black reverse
White to pale grey; yellow reverse

Olivaceous brown; often with
colored exudate
Grey to olivaceous brown

Spirally coiledf

Partly long unbranched, partly shorter
repeatedly dichotomously branched®

Undulate”

Flexuous, often recurved at the apex

*According to Arx et al. [10].

bFig. 2, Suppl. Figs 4 & 5; “Suppl. Fig. 10; %Fig. 4, Suppl. Fig. 8; ¢Suppl. Fig. 6; ‘Fig. 1, Suppl. Figs. 2 & 3; #Suppl. Fig. 9; 'Fig. 4, Suppl. Fig. 7.
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among other typical morphological features (Table 3),
cylindrical asci (Fig. 1, Supplementary Figs. 4 & 5) that
are present in a limited number of Chaetomium species.
C. murorum can also be easily differentiated from C. globosum
by morphology (Table 3).

Only three Chaetomium spp. have been shown to cause
dermatomycotic infections in humans (Table 1). We have
updated this observation by identifying a fourth species, C.
brasiliense, which was implicated in a case of otitis externa
in a cancer patient. Mycotic aetiology was confirmed by
repeatedly positive recovery of the same fungus and by his-
tology. A possible connection between chronic inflammation
of the external auditory canal and development of cancer is
questionable. Mycotic aetiology was not investigated in this
patient despite the recurrence of her otitis externa. It is a
known fact that inflammation is a critical component in
tumor progression. Many types of cancer arise from sites of
infection, chronic irritation and inflammation [48]. We are
not able to establish the begining of fungal infection. The
fungal pathogen could be present for several months or even
for several years. Chaetomium spp. produce many classes of
bioactive secondary metabolites with various biological
properties such as immunomodulatory, cytotoxic, and anti-
tumor effects that may, together with autoaggressive charac-
ter of chronic inflammation, participate in cancerogenesis
[11,12,49,50]. According to 2006 data, C. brasiliense has
never been isolated in the Czech Republic [51].

In addition to the two presented case reports, we found
that Chaetomium spp. are relatively frequently isolated from
dermatomycotic specimens. Fourteen isolates were recovered
from specimens in the last 4 years (a study on incidence and
spectrum of NDFF is a part of the first author’s MA thesis
and is currently in preparation). This collection included one
C. brasiliense, three C. funicola, and ten C. globosum isolates.
All isolates are listed in Supplementary Table S3 — online
only. Some of the isolates were tested for susceptibility to
some antifungal agents (Supplementary Table S1 — online
only). In only the two cases presented here was the non-
dermatophyte aetiology diagnosed based on repeated exami-
nation. In other suspicious cases, the aetiological significance
of isolated strains was unclear as repeated sampling was not
performed. Some direct microscopic examinations were
positive for hyaline, irregular, septate hyphae. In other obser-
vations, septate, brown-coloured hyphae or thick-walled
brown cells were found. This finding is in agreement with
previous reports that variously described either hyaline, sep-
tate hyphae or brown-coloured fungal elements (Table 1).
Microscopic observation of the infectious fungal elements in
samples can possibly demonstrate great variability. The
mycelium produced by Chaetomium spp. is hyaline, only
the fruiting bodies are dark pigmented. The placement of the
genus Chaetomium in the dematiaceous hyphomycetes is
controversial and epistemologically incorrect. The ability to

produce melanins is widespread in fungi and some fungal
pathogens traditionally not considered phaeoid have the abil-
ity to synthesize melanin in vivo during infection. This may
lead to confusions in the diagnosis [52]. This is the reason
why we prefer the definition of phaecohyphomycosis based on
histological findings rather than on phenotypic trait of the
actiological agent being dark-pigmented under laboratory
conditions. Enhanced melanins synthesis is generally associ-
ated with stress [53] and its production is linked to virulence
in pathogenic fungi [54].

Therapy results for Chaetomium infections are equivo-
cal. Despite the use of several drugs, either alone or in
combination, treatment failed in the majority of cases of
systemic infections. Treatment results of the cases of invasive
Chaetomium infections were summarized by Al-Aidaroos
et al. [41], while those of skin and nail infections are reviewed
in Table 1. There are only a few cases of dermatomycotic
infections that include information on therapy and only in
some was the treatment successful. There have been just
three cases of onychomycosis due to Chaetomium which
describe effective therapy. A case of onychomycosis was
partially cured by oral itraconazole [26] and another two
cases were completely cured by topical and oral terbinafine
[19] or oral itraconazole and topical miconazole [31]. Two
cases of superficial skin lesions were successfully treated
with topical oxiconazole [27] or oral terbinafine in combi-
nation with topical tioconazole [25]. A skin lesion in a dog
was cured by systemic and topical ketoconazole [15]. We
chose oral terbinafine for treatment of our cases. The nail
lesions were nearly cured after 8 months. Only two cases
of disseminated infection were cured after the use of
amphotericin B [44,55], in most of the other cases the
patients died before Chaetomium was identified.

Previously published data on antifungal susceptibility
obtained by the modified broth microdilution reference
procedure of the Clinical and Laboratory Standards Institute
(CLSI) for filamentous fungi are available for some Chaeto-
mium spp. and for some antifungal agents [43,56]. No cri-
teria for susceptibility testing of species that disseminate
only via ascospores have been established. Consequently,
the results study should be considered to be approximate. In
some other studies, only one or two strains of C. globosum
[23,44,26,28,29] or C. perlucidum [42] were tested with
markedly different results. C. brasiliense has never been
tested. The disc diffusion method that we chose shows only
alow percentage of major, very major and minor errors (shifts
between susceptible and intermediately susceptible or
between intermediately susceptible and resistant) in fila-
mentous fungi and is not as dependent on incubation time
as other methods based on diffusion gradient [57].

Chaetomium isolates showed resistance to 5-fluorocytosine
and fluconazole (Supplementary Table S1 — online only).
This is in agreement with previous reports [23,26,43,44]
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for some Chaetomium spp. We expanded this finding to
C. brasiliense. The described resistance is probably typical
for the entire genus Chaetomium and is reported frequently
in filamentous fungi. Fluconazole therapy was shown to be
ineffective in vivo as well [58]. Conversely, all the Chaeto-
mium isolates tested appeared to be susceptible to azole
derivates excepting fluconazole. Inter-species differences
in susceptibility to amphotericin B and terbinafine were
found. C. globosum strains were resistant to amphotericin
B and intermediately susceptible to terbinafine in contrast
with the strains of C. funicola and C. brasiliense that were
susceptible (Supplementary Table S1 — online only). The
strain of C. brasiliense was susceptible to the highest num-
ber of antifungal agents tested. Based on limited in vivo
data, oral terbinafine and oral itraconazole seem to be
effective in the treatment of dermatomycotic infections due
to Chaetomium spp.

Conclusions

In conclusion, nail and skin infections due to Chaetomium
spp. occur predominantly in immunocompetent patients,
typically presenting with secondary to traumatic implanta-
tion, or in elderly people. The infection may manifest as
phaeohyphomycosis, chromoblastomycosis or onychomy-
cosis with brown discoloration. The infection progresses
slowly and patients usually present several years after it first
appears. For the first time ever, we report a case of infec-
tion caused by C. brasiliense, involving otitis externa in a
cancer patient that manifested histologically as phaecohypho-
mycosis. The second report deals with a case of onycho-
mycosis due to C. globosum which included such typical signs
of nail infection due to Chaetomium, as history of nail
trauma and brown discoloration of the affected nail. Therapy
strategy is not established due to the small number of cases.
The infection has been most effectively eradicated when
treatment included terbinafine or itraconazole. Chaetomium
species have a specific antifungal susceptibility pattern that
includes primary resistance to 5-fluorocytosine and fluconazole.
Important interspecies differences in antifungal suscepti-
bility were observed particularly with amphotericin B.
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Stuchlik D., Mencl K., Hubka V., Skotfepova M. (2011): Fungal melanonychia
caused by Onychocola canadensis: first records of nail infections due to
Onychocola in the Czech Republic. — Czech Mycol. 63(1): 83-91.

Onychocola canadensis is a non-dermatophyte filamentous fungus with an unusual ecology. Hith-
erto, O. canadensis has been isolated only from human nails and skin, although attempts to isolate it
from the environment have been unsuccessful. We describe two new cases of onychomycosis caused
by O. canadensis with dissimilar clinical appearance. The first infection manifested itself as distal and
lateral onycholysis with conspicuous black pigmentation. As far as we know, this is the first descrip-
tion of O. canadensis onychomycosis in the Czech Republic. In connection with this case, the authors
emphasise the importance of mycological laboratory examination of dark nail lesions. Based on photo-
documentation, a second case of onychomycosis due to O. canadensis was identified retrospectively.
This case manifested itself as distal and lateral subungual onychomycosis with yellow discoloration,
which is more typical of O. canadensis onychomycosis. Morphological characteristics important for
discrimination of O. canadensis from other medically important fungi are discussed.

Key words: onychomycosis, Arachnomyces nodosetosus, fungal infection, elderly people, soil fungi.

Stuchlik D., Mencl K., Hubka V., Skorepova M. (2011): Onychomykéza zplisobena
houbou Onychocola canadensis: nové pripady infekce nehti vlivem houby rodu
Onychocola v Ceské republice. — Czech Mycol. 63(1): 83-91.

Onychocola canadensis je nedermatofyticka vlaknita houba s neobvyklou ekologii. Dosud byla
0. canadensis izolovana pouze z lidskych nehtii a kize. Pokusy o izolaci houby z jinych substrata byly
neudspésné. V nasledujicim textu popisujeme dva nové piipady onychomykézy zpusobené O. cana-
densis s rozdilnymi klinickymi projevy. Prvni pfipad se manifestoval jako distalni a lateralni onycholy-
za s napadné ¢ernou diskoloraci. V souvislosti s timto piipadem autoii zduraznuji dilezitost mykolo-
gického vysetieni tmavé zbarvenych nehtovych 1ézi. Pokud vime, je tento piipad viitbec prvnim ptipa-
dem onychomykézy zptisobené O. canadensis v Ceské republice. Druhy piipad onychomykézy zpiiso-
bené O. canadensis byl zpétné identifikovan na zakladé fotodokumentace. Postizeny nehet se manifes-
toval jako distalni a lateralni subungualni onychomykoéza se zlutou diskoloraci. Tento fenotyp je vice
priznac¢ny pro onychomykozu zptisobenou O. canadensis. Dale jsou diskutovany morfologické znaky
dulezité pro odliSeni O. canadensis od jinych lékaisky vyznamnych hub.
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INTRODUCTION

Onychocola canadensis is a non-dermatophyte agent of onychomycosis. It is
arelatively new species of fungus that occurs mainly in temperate climates and is
probably associated with soil. This fungus was described based on three isolates
from Canadian cases of onychomycosis (Sigler & Congly 1990). Since then, cases
in New Zealand (Sigler et al. 1994), France (Contet-Audonneau et al. 1997, Koenig
et al. 1997), Great Britain (Campbell et al. 1997, O'Donoghue et al. 2003), Italy
(Fanti et al. 2003), Belgium (Esbroeck et al. 2003, Sijs et al. 2007) and Spain
(Torres-Sangiao et al. 2006) have been reported. Recently, four cases were re-
ported from Slovakia (Vollekova & Lisalova 2009). It typically affects elderly gar-
deners and farmers. The mean age of patients in the previously described cases is
almost 70. Most of the cases are described as distal and lateral subungual
onychomycosis or white superficial onychomycosis similar to the appearance
that might be expected with dermatophytes or other non-dermatophyte moulds
such as Acremonium spp. Association with melanonychia has as yet been men-
tioned only in a case described by Gupta et al. (1998).

The description of Arachnomyces nodosetosus — teleomorphic stage of O.
canadensis (Sigler et al. 1994) was followed by several taxonomical studies fo-
cused on the position of the genus Arachnomyces and its anamorph Onychocola
(5 species described to date) within the Ascomycota (Gibas et al. 2002a, Gibas et
al. 2002b, Gibas et al. 2004). It resulted in the creation of the new order
Arachnomycetales within the Eurotiomycetes and description of several new spe-
cies of the genus Arachnomyces. Except of A. nodosetosus, there are reports
about several cases of isolation of three other Arachnomyces species and O.
sclerotica (teleomorph not described) from nails or skin generally of unclear etio-
logical significance (Sigler et al. 1994, Gibas et al. 2002a, Gibas et al. 2002b, Gibas
et al. 2004).

MATERIAL AND METHODS

Patient 1: Ab5l-year-old woman diagnosed with onychodystrophy and black
discoloration of the right great toenail of several years’ duration (Fig. 1B). She re-
ported no recent progression of the lesion. Due to the long time lapse she could
not recall the circumstances that led to the development of the lesion. She re-
called no major trauma of the nail but minor repeated traumatisation of the distal
nail plate could not be excluded. There was no history of foreign travels except
for a holiday in Spain in summer 1997. She used to work in her garden. The family
history and personal history of the patient were insignificant.
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The toenail showed partial onycholysis, the affected part was thickened and
dystrophic. Conspicuous black discoloration was present (Fig. 1B). Because of
melanonychia it was crucial to exclude subungual melanoma. Another differential
diagnosis was subungual haematoma.

Patient 2: The second patient was an otherwise healthy 68-year-old woman.
The patient described progressive discoloration of the left great toenail during the
last year. She reported that she often took part in all-day hiking trips. She remem-
bered a trauma of the nail due to tight shoes a year ago. A short time after the
trauma, slight discoloration appeared. No history of foreign travels was reported.

The affected nail was raised by hyperkeratosis, friable at the distal border, and
demonstrated yellow discoloration (Figs. 1G, H).

Laboratory investigations. Specimens for mycological examination
(KOH mount and cultivation) were collected by scraping off the nail plate and ob-
served microscopically in 20 % KOH. Nail fragments were inoculated on slants of
Sabouraud glucose agar (SGA) with and without chloramphenicol (Bio-Rad) and
incubated at 27 °C.

The macromorphology of the subcultures was observed on a set of media (the
producer of the commercial media is referred to in parenthesis, all other media
were prepared according to Atlas 1997): MEA (malt extract agar, Oxoid), SGA
(Carl Roth), PDA (potato dextrose agar), OA (oatmeal agar), CY20S (Czapek yeast
extract sucrose 20 % agar), CDA (Czapek dox agar), PCA (potato carrot agar) and
SNA (Synthetic nutrient agar). Cultures grew at a temperature of 25 °C. Growth at
a temperature of 37 °C was also tested.

Lactophenol cotton blue wet mount preparations from subcultures growing at
25 °C were prepared at weekly intervals for a period of 8 weeks. Photographs
were taken on an Olympus BX-51 microscope using Nomarski contrast or phase
contrast.

DNA analysis. Genomic DNA was isolated from 14-day-old cultures using
the Microbial DNA Isolation Kit (MoBio Laboratories, Inc.). The region including
ITS1, 5.8S r DNA and ITS2 was amplified using primers ITS5 (White et al. 1990)
and ITS4S (Kretzer et al. 1996). The SSU rDNA was amplified using the NS1
(White et al. 1990) and NS24 (Gargas & Taylor 1992) primer set. A partial sequence
of LSU rDNA was amplified with the NL1 (O’'Donnell 1993) and LR6 (Vilgalys &
Hester 1990) primer sets. PCR amplification was performed using the same cy-
cling conditions for all three rDNA regions and followed procedures described in
Kolarik et al. (2004). PCR product purification and sequencing was carried out at
Macrogen Inc. (Seoul, South Korea). Using BLAST similarity search, the obtained
sequences were compared with sequences originating from taxonomical mono-
graphs deposited on the GenBank server.

85



CZECH MYCOL. 63(1): 83-91, 2011
RESULTS

Laboratory investigations

Microscopic examination of the nail scrapings in KOH showed septate
branched hyphae and masses of arthroconidia (Figs. 1A, C, F). In both mentioned
cases slow growth of a pure culture of a non-dermatophyte hyphomycete was ob-
served on SGA with chloramphenicol (Figs. 1D, E). After 3 weeks at 27 °C the col-
onies were restricted, initially greyish white but gradually darkening. The colony
reverse was dark grey-brown to black. After 6 weeks the colonies in the prime cul-
ture were almost brown-black. This pigmentation was less accented in the subcul-
tures. The same fungus was isolated and observed in direct microscopy during
a subsequent visit.

Therapy

In case 1, an ointment containing 40 % urea without antifungals was applied for
atraumatic nail avulsion. When the patient returned after 3 weeks for
debridement of the softened nail plate, and a third specimen was collected from
the subungual debris. The same fungus grew again in pure culture. The epidermis
of the nail bed showed no melanin pigmentation so that subungual melanoma and
haematoma could be excluded. Topical antifungal therapy with a 1 % ciclopirox
solution was applied and the diseased nail grew out gradually. After nine months
of therapy, clinical appearance of the nail was normal and mycological control
was negative.

In the second case, a daily oral dose of terbinafine (250 mg) was administered
for three months. After 10 months, the nail plates exhibited healthy growth. Myco-
logical examination was negative.

Macro- and micromorphology of subcultures

Growth on all tested media was slow. Colony diameters reached about 10 mm
or less after 3 weeks at 25 °C. Growth was even more restricted at 37 °C. On MEA
(Fig. 2C), SAB (Fig. 1E) and PDA (Fig. 2B), the colonies were initially glabrous
and became velvety or tomentose after 2 weeks due to aerial hyphae that grew on
surface of the colonies. The margin of the colonies was irregularly lobate and the
height of the colonies increased. They became conical and radially wrinkled. The
colour was white, grey-white or yellow-white, old colonies acquired a brownish
colour through brown hyphae that had appeared in culture after some weeks. The
colour of the reverse was brownish and became dark-brown after some weeks.
Submerged mycelium with radial arrangement was a dominant component on nu-
trient-weak media (PCA, SNA) and CDA. Colonies on OA showed yeast-like
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Fig. 1. Onychomycosis by Onychocola canadensis. Distal and lateral onycholysis with dark discolor-
ation of the nail (B). Colonies on slants of SGA (D) and on an SGA plate after 21 days (E, scale bar 5 mm).
Septate hyphae and arthroconidia in nail debris. KOH mount stained with Parker ink (A, C, F). Affected
nail (case 2) raised by hyperkeratosis, friable at the distal border, with yellow discoloration (G, H).

growth and remained glabrous. The most abundant aerial mycelium was devel-
oped on CY20S (Fig. 2D).

Micromorphological features were described from MEA, SGA and PDA, on
which essentially the same image was observed and all typical morphological
characters were well developed. At first, the young vegetative hyphae were
smooth, hyaline and up to 2.5 ém wide. Finally, they became roughly verrucose
(Fig. 2E). Fertile hyphae were poorly differentiated from vegetative mycelium.
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Fig. 2. Onychocola canadensis. Fertile hyphae consisting of elliptic arthroconidia seceded by fracture
(A, F, scale bar 20 pm). Hyaline, rough-walled hyphae (E, scale bar 10 pm) and pigmented hyphae with
dark brown nodosities (G, scale bar 10 pm). Colony detail on PDA (B), MEA (C) and CY20S (D) after
five weeks at 25 °C; scale bar 5 mm.

Arthroconidia were profusely present in culture after 3-4 weeks of cultivation.
They were hyaline, smooth and ellipsoidal with 1 septum or non-septate (Fig. 2A,
F). Conidia were released intercalarily or terminally due to constriction of the
septum or due to rhexolysis. They often persisted in chains. Brown, infrequently
septate hyphae (up to 6 ém wide) were present mainly in old cultures (Fig. 2G).
Dark brown nodosities occurred abundantly on their walls.
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The case 1 isolate is maintained in the Culture Collection of Fungi (CCF), De-
partment of Botany, Charles University in Prague, as CCF 3957. The case isolate
from the second report was identified retrospectively. This identification was possi-
ble thanks to accurate photo-documentation of colony morphology and micro-
scopic preparations of the isolate. However, we were not able to revive the isolate.

Molecular data analysis

The morphological identification was supported by rDNA sequence data. The
sequence obtained from ITS region (602 bp) showed 100 % similarity to the type
strain of A. nodosetosus UAMH 5344 (Gibas et al. 2004). The SSU rDNA sequence
(814 bp) was 100 % similar to A. nodosetosus strain UAMH 6106 (Gibas et al.
2002a). The partial LSU (798 bp) sequence was 100 % similar to A. nodosetosus
strain CBS 313.90 (Sugiyama and Mikawa 2001).

The sequences were deposited in the GenBank database under accession num-
bers HM205102-HM205104.

DISCUSSION

To our knowledge, isolation of O. canadensis has not yet been reported from
the Czech Republic. Four cases have been recently reported from Slovakia
(Vollekova & Lisalova 2009).

Onychocola canadensis is a fungus with an unusual ecology. Based on pub-
lished data, O. canadensis has been isolated only from clinical material and has
been reported from countries located in the temperate climate zone. However,
there are some omissions in this distribution. In particular, O. canadensis has not
been recorded from the USA.

Onychomycosis due to O. canadensis manifests itself mostly as distal and lat-
eral onychomycosis or white superficial onychomycosis. Onychomycosis associ-
ated with brown-black nail discoloration (melanonychia, patient 1) is unusual and
has been reported only in one case by Gupta et al. (1998). It is necessary to ex-
clude subungual melanoma and subungual haematoma in a differential diagnosis.

O. canadensis has been isolated more frequently in elderly females. The pa-
tients often worked as gardeners or farmers. This suggests probable infection from
soil (Gupta et al. 1998). This is in agreement with two new reports presented here.

A number of morphological features such as growth parameters, colony mor-
phology and micromorphology make the fungus practically unmistakable. On the
other hand, the rare isolation of O. canadensis (only dozens of cases worldwide
so far) makes its determination nontrivial. The most important features in identi-
fying the fungus are growth parameters, presence of elliptic arthroconidia in
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chains together with rough vegetative hyphae and also brown hyphae with dark
superficial deformities. All important micro-morphological features (including
arthroconidial chains and brown hyphae) develop well in 4-6 week-old cultures.
Examination of cultures older than 4 weeks growing on solid media such as SAB,
MEA and PDA at 25 °C is likely to lead to a correct determination.

The culture morphology and microscopic appearance before the third week of
cultivation may imitate Trichophyton rubrum and this might cause misidentifica-
tion. Conversely, atypical isolates of T rubrum may resemble O. canadensis in
some features. The occasionally cited report of onychomycosis caused by O.
canadensis from Turkey (Erbagci et al. 2002) was revised by R.C. Summerbell and
the strain was re-identified as atypical T rubrum (Fanti et al. 2003). The possibil-
ity to mistake O. canadensis for Scytalidium, which can appear in our geograph-
ical latitude as an etiological agent of imported mycosis, was discussed by Sigler
et al. (1990) and Vollekova & Lisalova (2009).

In summary, we have reported these two cases because O. canadensis is infre-
quently detected as a human pathogen and had not yet been reported from Czech
Republic. Moreover, both cases showed strikingly different clinical appearance.
Onychomycosis due to O. canadensis is characterised by chronicity and slowly
progressing infection, and patients usually appear several months or years after
its beginning. It is possible that Onychocola spp. are relatively common in
dermato-mycological specimens but are overlooked due to their slow growth.
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Vladimir Antonin: First record of Campanella caesia (Basidiomycota,
Marasmiaceae) in the Czech Republic

The first record of Campanella caesia Romagn. in the Czech Republic is
published. The fungus was collected in the Péalava Protected Landscape Area,
close to the village of Pavlov (southern Moravia) on a small slope covered with
scrub (Lycium barbarum and Euonymus europaea) and grasses, on remnants of
these plants. A detailed macro- and microscopic description is given and its Euro-
pean distribution is summarised.

MIKROMYCETY

NEDERMATOFYTICKE VLAKNITE HOUBY IZOLOVANE PRI
SUSPEKTNI ONYCHOMYKOZE

Vit Hubka

Clanek shrnuje réizné pohledy na moznou alohu nedermatofytickych vldk-
nitych hub pfi infekcich nehtti. Okrajove se zabyva schopnostmi nedermatofy-
tickych vlaknitych hub kolonizovat a rozkladat nehet in-vitro. V praktické ¢asti
je podan piehled uréenych kmenti nedermatofytickych vlaknitych hub izolova-
nych z nehtl a podrobnéji je rozvedena problematika rodu Auxarthron.

Pfestoze onemocnéni piisobena houbami nabyvaji stale vétsiho medicinského
vyznamu, zastava lékafska mykologie ponckud v ustrani zajmu a jeji rozvoj je v
porovnani s ostatnimi mikrobiologickymi obory pomalejsi. Dokonce si vyslouzila
oznaceni "Popelka" v rodin¢ mikrobiologie (Mencl 2007). Praveé 1ékarské mykolo-
gie se tyka nasledujici ¢lanek vypracovany na podkladé bakalarské prace (Hubka
2008) obhdjené na katedfe botaniky Piirodovédecké fakulty UK. Clanek ma za cil
seznamit ¢tenafe s problematikou nedermatofytickych vlaknitych hub (dale jen
NVH), izolovanych pfi podezieni na onychomykézu a nesnadnym prokazovanim
jejich vztahu k onemocnéni.

Onychomykoéza a jeji puvodci

Mykotické onemocnéni nehtli (onychomykoza) je celosvétovym problémem a
jeho lécba stoji kazdorocné nemalé prostfedky. Ve vyspélych zemich postihuje
zhruba 2—-13 % populace a s rostoucim vékem prevalence (tj. pocet nemocnych ve
vybrané populaci k ur¢itému datu) onychomykozy stoupa az na 25 % i vice (Kuli-
kova 2008). Onychomykodza je diagnostikovana asi v 50 % ze vSech piipadd one-
mocnéni nehtl. I kdyz se nejednd o zivot ohrozujici infekci, nelze ji povazovat za
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pouhy kosmeticky problém. Nékteré formy jsou bolestivé a mohou znemoziovat
fadu aktivit 1 vykon nékterych povolani. Léceni miize byt dlouhodobé a je typické
recidivami (Torres-Rodriguez et Lopez-Jodra 2000).

Kolem 90% ze vSech onychomykoz je u nds vyvolano dermatofyty, prede-
v§im rodem Trichophyton. Zbyla procenta piipadaji na kvasinky a NVH. Kvasinky
pusobi pfedevsim tzv. paronychii nehtti rukou (zanét ktize v okoli nehtu, popft.
nehtového ldzka), pfi jejimz vzniku se pfedpoklada zasadni vyznam faktort jako je
Casté maceni rukou ve vode¢ a drazdéni chemickymi piipravky (Faergemann 1996).
Skupina NVH je zna¢n¢ Siroka, nesourodd a ma i rozmanitou ekologii. V soucas-
nosti je popisovan trend zvySujiciho se poctu pfipadti onychomykédzy vyvolané
NVH nejen co do poctu piipaddi, ale i co do poc¢tu druhti vlaknitych hub, které jsou
takto izolovany. Nazory autorti na popsany vyvoj nejsou jednotné. Rostouci vy-
znam NVH jako ptivodcti onychomykézy je Casto pricitan starnuti populace, ros-
toucimu poctu diabetiklli a pacientdi s narusenou nebo cilené tlumenou imunitou,
napf. po transplantacich. Néktefi autofi ale namitaji, ze vyvoj mize zCasti souviset
i se zdokonalujici se metodikou odbérii a zvySenou pozornosti, ktera je
v poslednich desetiletich NVH vénovana.

Role nedermatofytickych vldknitych hub

Uloha NVH izolovanych z nehtu miize byt rizna. Protoze spory nékterych
NVH jsou v prostfedi Siroce rozsifeny, jsou tyto houby izolovany casto jako kon-
taminanty. Mohou také hrat ulohu sekundarnich kolonizatorti a rtst v ¢asti nehtu,
kterd byla jiz castecné rozlozena dermatofytem. Rozdil mezi kontaminanty a se-
kundarné kolonizujicimi houbami je pfedevsim v tom, ze sekundarni kolonizatofi v
nehtu skutecné dlouhodobé rostou, mohou byt identifikovani na mikroskopickych
preparatech a izolovani v odbérech opakovanych po delSim ¢asovém intervalu. To
mize vést k chybnému pfesvédéeni, ze se jednd o piivodce onemocnéni. Navic
jejich rist v nehtu mtze byt tak masivni, ze dovede skryt pfitomnost dermatofyta,
k jehoz odhaleni miize dojit az pti opakovaném odbéru pfi dalsim vySetieni (Ellis
etal. 1997).

Stale Castéjsi jsou situace, kdy je NVH izolovana jako jediny ptivodce ony-
chomykoézy. Diive jakoby onychomykdza zptisobena NVH neexistovala, nebo byla
velmi vzacna. V poslednich dvou az tfech desetiletiletich je celosvétove, ale ob-
zvlast v Evropé, popisovan trend rostouci ucasti NVH na vzniku onychomykozy.
Tim se k této diive opomijené skupin€ obraci vétsi pozornost a rozristd se spekt-
rum druh@ izolovanych bud’ pfimo jako ptivodci, anebo jsou zjistovany druhy
potencialn€ patogenni, schopné rist na lidském nehtu (Gianni et al. 2000).

Touto tzv. nedermatofytickou onychomykoézou jsou nejcastéji postizeni paci-
enti po traumatu nehtu, stafi lidé nebo jiz vySe zminéni diabetici. V takovych pfi-
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padech hovotfime o NVH jako o sekundarnich patogenech. Byly ale popsany pfipa-
dy onychomykézy vyvolané NVH u zdravého &lovéka. Rada z t&chto piipadi je ale
jinymi autory napadana z divodu nedodrzeni vSech metodickych nalezitosti nut-
nych k oznaceni NVH jako patogena (viz nize). Status primarnich patogenti nékte-
rych NVH, jako napf. rodu Acremonium nebo Fusarium, je proto stale sporny a
subjektivni pohled na vyznam NVH riznymi 1ékafi hraje Casto zasadni roli (Ri-
chardson et Edward 2000). Vyjimkou mezi NVH je v tomto ohledu rod Scytalidi-
um, ktery je Casto izolovan jako evidentné primarni patogen v tropickych a subtro-
pickych oblastech. Medicinsky vyznamnym zastupcem tohoto rodu je pouze tmavé
pigmentovany druh Scytalidium dimidiatum (popi. jeho synanamorfa Nattrassia
mangiferae) spolu s jeho bezbarvou mutaci zvanou Scytalidium hyalinum. Kozni
mykdzy a onychomykézy plsobené timto druhem jsou dokonce mezilidsky pre-
nosné artrokonidiemi v koznich Supinach. Podobné se i u druhu Scopulariopsis
brevicaulis, ktery je u nas nejbéznéjSim pivodcem onychomykézy ze skupiny
NVH, ptedpoklad4d schopnost napadnout i zdravy nehet (Campbell et Johnson
2005).

V nékterych soudobych studiich je uvadéna tcast NVH jako ptvodcii ony-
chomykoézy vysoka, v jinych velmi nizka. Obecné pfijatelna Cisla se pohybuji ko-
lem 2-12 % ze vSech piipadti onychomykézy. Vyrazné odlisné hodnoty mohou
znacit chyby v metodice odbérti a kultivaci (de Araujo et al. 2003). Uvedenym
¢islim se mohou vyrazné vymykat nékteré oblasti v tropech a subtropech, jako je
Nigérie, Thajsko a Jamajka, kde zastupci rodu Scytalidium pisobi 10-50 % pftipa-
di onychomykoéz (Elewski 1996).

Druhové spektrum nedermatofytickych ptivodcd onychomykoézy se méni v
zavislosti na geografickych oblastech. To je ptipad pravé rodu Scytalidium, jenz je
popisovan z tropickych oblasti, ale napi. v Evropé byva zachycen nanejvys jako
importovand mykoza. Na druhé strané se vyskyt onychomykdzy zptisobené mnoha
NVH zda byt vyssi v mimotropickych oblastech. To je pfiklad druhu Aspergillus
versicolor, ktery je ¢asto popisovan jako ptivodce onychomykézy ve Spanélsku a
jizni Evropé viibec. Druh Scopulariopsis brevicaulis je také vice hlasen z mimot-
ropickych oblasti, hlavné z mirného pasma Evropy (Torres-Rodriguez et Lopez-
Jodra 2000); zatimco v Evrop¢€ zastava misto nejfrekventovanéjsiho ptivodce ony-
chomykoézy mezi NVH, v Severni Americe tento primat ptebiraji rody Fusarium a
Acremonium (Ghannoum et al. 2000).

Ne vSechny prace ale rostouci vyznam NVH potvrzuji. Ojedinéla studie, kte-
rou provedli Ellis et al. (1997), domnénky o stale se zvySujicim poétu novych pii-
padti onychomykozy zpiisobené NVH nepotvrdila a tento trend autofi pficitaji
spise malému poctu odbért a jejich nedokonalé metodice. Autofi odebirali béhem
jednoho roku 8—12 vzorkl od kazdého ze 118 pacientl s onychomykézou za jejich

25



Mykologicke listy, Praha, no. 107, 2009.

soucasného 1éceni. Ve vysledku byl z nehtu vSech pacientd izolovan dermatofyt, i
kdyz k jeho odhaleni bylo nékdy zapotiebi vétsiho poctu odbért. Stejny druh NVH
v nasledujicich odbérech se podaftilo izolovat jen ve dvou pfipadech, ale opét v
doprovodu dermatofyta. Data shromazdénd uvedenou studii se vymykaji soucas-

vvvvvv

zajimavé srovnat je s vysledky néjaké jiné studie, ale zadna takova s podobn¢ vel-
kym poctem odbérti z jednoho pacienta neni. Odebrat 812 vzorkli ze stejného
pacienta v rozmezi n€kolika mésicti az roku neni v praxi uskutecnitelné.

Protoze nedermatofytickd onychomykoza zplsobena jinymi houbami nez
druhem Scopulariopsis brevicaulis a zastupci rodu Fusarium je u nas spise vzac-
nym jevem, neni mnoho lékaiti, ktefi by byli schopni a ochotni tyto houby urcovat.
Samotné ur€eni nemusi byt jednoduché, a i kdyz se zdafi, nema vétSinou pro 1écbu
zasadni vyznam. V 1é¢bé nedermatofytické onychomykozy totiz neexistuji jednot-
né postupy, a to vzhledem k heterogenité této skupiny hub a také pro nizkou frek-
venci vyskytu n¢kterych druhtt NVH jako patogend. Proto ptivodci téchto vzacnéj-
Sich forem nedermatofytické onychomykdzy nebyvaji urceni, pokud neni na pra-
covisti odborny mykolog nebo neni vzorek zaslan referen¢ni laboratofi. Bez urceni
puvodce se ale ztraceji cenna data.

Problematika odbérti a interpretace narostlych kultur

Urceni houby na zaklad¢ klinického obrazu onychomykézy neni vétSinou
mozné, ackoliv je znamo, ze nekteré druhy hub mohou byt spojeny s urcitymi typy
onychomykozy. Navic nékteré kozni choroby, zejména psoridza, mohou vyvolavat
podobnou prestavbu nehtu jako onychomykoéza. Proto je pro stanoveni diagnozy
vzdy nutné laboratorni potvrzeni (Baran et al. 1999).

Posouzeni role izolovaného kmene NVH je mozné jen ze spravné odebraného
materialu. Obecné je pro potvrzeni vyznamu NVH jako patogena pfijimano n¢ko-
lik kritérii. Témi jsou pozitivni ndlez pfi pfimé mikroskopii odebraného materialu,
masivni rast houby v ¢isté kultufe a izolace stejného druhu i pii opakovanych od-
bérech. Posledni kritérium neni mozné v praxi Casto dodrzet, protoze pfi pozitiv-
nim mikroskopickém nalezu je ihned zahdjena 1écba a pii dal§im odbéru jiz houbu
nemusime zjistit, anebo se pacient uz nemusi dostavit. O to vétsi diraz je kladen na
zbyvajici dve kritéria. Idedlni je, kdyz jsou pti pfimé mikroskopii rozeznany znaky
pozdé¢ji vykultivované houby (Skofepova 2008). Protoze ale nehet nepfedstavuje
pro NVH pfirozené prostiedi, najdou se v preparatu vétSinou jen rizné modifiko-
vané hyfy. Konidie se dafi pozorovat vétSinou jen u druhu Scopulariopsis brevi-
caulis a druhti rodu Fusarium (de Aratjo et al. 2003).

Fakt, ze k potvrzeni nedermatofytické onychomykoézy je tfeba opakované la-
boratorni zkousky, se snazila fesit dfive Siroce uzivana metoda pocitani inokula dle
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Walshe et English (1966). Ta méla zajistit potvrzeni nedermatofytické onychomy-
koézy pti jediné navstéve 1€kare. Na agarovou plotnu je pfi této metodé naneseno 20
fragmentti zkoumaného nehtu, v piipadé Ze alespon z péti fragmentl roste stejna
NVH a byla pozitivni pfimé mikroskopie, je NVH oznacena za ptivodce. Nespo-
lehlivost metody ovéfili teprve Gupta et al. (2001b). Uvedeny postup se neda zo-
becnit na vS§echny NVH a zda se byt pfi svém plvodnim nastaveni pouzitelny jen
pro onychomyko6zu vyvolanou rodem Acremonium. Pro Scopulariopsis brevicaulis
je metoda smérodatna teprve kdyz houba roste z vice nez dvou tfetin fragmentt.
Pro povrzeni onychomykézy vyvolané rody Fusarium a Aspergillus je metoda
nepouzitelna.

Casta izolace rodi jako Aspergillus, Acremonium, Alternaria nebo Chry-
sosporium muze byt klamna. I kdyz jsou z nehtu izolovany bez dermatofyta, nemu-
si byt pric¢inou zmén pozorovanych na nehtu. Nehet mize trpét uplné z jiného da-
vodu nez je houbova infekce a rody téchto vSudypiitomnych hub mohou byt jen
kontaminaci — n¢kdy dokonce tak masivni, ze mize vést k chybné diagnoze a léce-
ni. O to vétsi vyznam ma skutecné potvrzeni houby pfimou mikroskopii napadené-
ho nehtu a opakovanymi odbéry (Torres-Rodriguez et Lopez-Jodra 2000). Ke Spat-
nému zavéru muze vést 1 nespravna interpretace narostlé kultury. Nékteré konta-
minanty, napf. rod Alternaria, dokazi rychle prertist pomalu rostouci kolonii der-
matofyta, a ta mize byt piehlédnuta. To je v praxi alespon z¢asti feSeno zafazenim
selektivni piidy pro dermatofyty do sestavy pud, na které se izolace provadi
(Elewski 1996).

Jak je z ptredchozich odstavci ziejmé, je ke spravnému stanoveni diagnozy
zapotiebi zkuSenosti jak laboratornich, tak i v interpretaci vysledkd. Je otazkou, jak
velkou metodickou chybou v odbérech jsou zatizena jednotlivd mykologicka pra-
covisté a jak moc se tyto chyby projevuji na Cetnosti nedermatofytické onychomy-
kézy, at’ uz jejim piehlizenim nebo chybnou diagnostikou. Dalsi otdzkou je, nako-
lik tyto metodické nepiesnosti ovliviiuji dnes popisovany trend vzestupu ucasti
NVH jako ptivodct onychomykoézy a nakolik je tento vyvoj zptisoben faktem, ze si
této skupiny hub v poslednich desetiletich vice v§imame.

Léc¢eni onychomykoézy vyvolané nedermatofytickymi
vldknitymi houbami

V odborné literatufe miZzeme najit zdznam o vice nez 90 druzich nebo rodech
NVH, které byly dosud popsany jako ptivodci onychomykoézy; udaj vychazi z ex-
cerpce v bakalarské praci (Hubka 2008). Opakované je popisovana schopnost né-
kterych NVH dlouho piezivat v nehtu navzdory 1é¢eni.

Problematickd mtize byt pfedevsim 1écba pacientd s onychomykézou zptiso-
benou druhy rodu Fusarium, kde je popisovana vysoka odolnost k lé¢iviim uziva-
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nym v terapii proti dermatofytim. Uplného vylé&eni, kdy nehet roste po 16¢bé
normalné ("clinical cure"), je dosazeno jen u 40—60 % pacientt (Tosti et al. 2000,
Ranawaka et al. 2008). Casté jsou ptipady, Ze je sice docileno negativniho mikro-
skopického obrazu a negativnich kultur z odbért, ale nehet po 1é€b¢€ jiz neroste
normalné ("mycological cure"). Pfitomnost rodu Fusarium v napadeném nehtu
mize navic predstavovat nebezpeci propuknuti diseminované infekce, zejména u
pacientl po transplantacich lécenych imunosupresivy (Arrese et al. 1996).

Ani 70-80% uspésnost 1é¢eni onychomykozy vyvolané druhem Scopulariop-
sis brevicaulis a druhy rodu Acremonium neni uspokojiva. Jako nejsnaze 1éCitelna
se jevi onychomykdza plisobend zastupci rodu Aspergillus, kde je 1écba uspésna
takika bez vyjimky (Gupta et al. 2001a).

Greer (1995) se dokonce domnival, ze v ptipadech smiSené infekce nehtu
dermatofytem a soucasné¢ NVH, by méla nasledovat odlisna terapie nez pii Cisté
dermatofytickych infekcich nehti. Myslenka, Zze pfitomnost NVH mutze léceni
onychomykoézy komplikovat a Ze i po odléceni dermatofyta dokaze NVH v nékte-
rych ptipadech v nehtu pfetrvavat a udrzovat chorobné zmény, byla fadou autord
ptijata a dale citovana. Ellis et al. (1997) naproti tomu nezjistili pfi 1écbé zadny
vliv pfitomnosti kontaminujicich hub ani hub kolonizujicich nehet sekundarné.
Vsechny zmizely spolu s odlécenim dermatofyta. Navrhy, ze by pfipady s izolaci
smisenych kultur mély vyzadovat specialni 1é¢bu, oznacili autofi za chybné.

Keratinolyza a proces rozkladu nehtu nedermatofyticky-
mi vlaknitymi houbami

K ovéfeni a porovnani potencialu hub stat se ptivodcem kozniho onemocnéni
byla aplikovana fada metod. Protoze za chemické a fyzikalni vlastnosti epidermis a
jejich derivati odpovida predevsim skupina o-keratind, byla vétSina té€chto metod
zaméfena na porovnavani schopnosti keratinolyzy. Keratinolytické aktivita houby
vat, takze se na prvni pohled zda byt idealnim parametrem pro porovnavani pato-
gennich schopnosti hub.

Keratinolyza mtize byt hodnocena kvantitativné, ibytkem hmotnosti keratinu
v médiu, mikroskopicky, zménami pH média nebo méfenim mnozstvi vyproduko-
vanych metaboliti. Mira pozorovaného rozkladu zavisi na tvrdosti pouzitého kera-
tinizované¢ho materilu. Cim vy3i je obsah cystinu v substratu, tim je materidl tzv.
tvrdsi. Disulfidické mtstky v molekule cystinu maji hlavni podil na odolnosti ke-
ratinu vuci $tépeni. Cystin tvoii asi 10-14 % hmotnosti vlasu, u nehtu dokonce
vice nez 22 % (Marchisio 2000). Pfi tbytku vahy keratinizovaného materialu o
méné nez 20 % nemuize byt houba brana jako skute¢né keratinolyticka a $tépi pou-
ze nekeratinové proteiny, kterych je az 10 % i u tvrdého keratinu. U slabé kerati-
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nolytickych hub tbytek vétSinou nepiesahuje 40 % ani po 8 a vice tydnech kultiva-
ce (Kunert 2000).

Proces rozkladu keratinizovanych tkani dermatofyty byl intenzivné studovan,
obdobnych studii u NVH je znatelné méné€. Zvlasté malo je uspokojivych experi-
mentalnich modeltl studujicich rozklad lidského nehtu houbami. Uréitou podobu s
nehtovou ploténkou nalézame u vlasové ktiry. Ta je svou odolnosti, ale i ontogene-
ticky s nehtem srovnatelna a byva az posledni rozkladanou ¢asti vlasu. Ve zplisobu
jejiho rozkladu a také v urovni dosazené destrukce byla shledana velka podobnost
s nehtem (Marchisio 2000).

Vzhledem k rozdilné metodice jsou mezi sebou vysledky rtiznych autord jen
omezen¢ porovnatelné a navic, nebo pravé proto, se data ziskand riznymi autory u
stejného druhu ¢asto nezanedbatelné li§i. Dtivodi muze byt fada. Pii vzniku ony-
chomykoézy spoluptisobi mnoho faktorti, které jen t€zko mtizeme simulovat pod-
minkami in-vitro. Je také mozné, ze u n€kterych druhl jsou vyznamné vnitrodru-
hové rozdily ve schopnosti keratinolyzy a dalsich fyziologickych vlastnostech.

V experimentalnich podminkach proristd houba do nehtu pfevazné ze spodni
strany, coz je diky jeji mensi odolnosti mén¢ energeticky naro¢né. Pii mikrosko-
pickém hodnoceni rozkladu nehtu nebo vlasu je popisovana bud’ jen povrchova
eroze, nebo pritomnost kolmo na povrch prorazejicich hyf. Ty mohou byt n¢kolika
typti — od uzkych u druhd se slabou keratinolytickou aktivitou az po vyrazn¢ Sirsi
hyfy hub schopnych rychlého rozkladu substratu (Ali-Shtayeh et Jamous 2000). Pti
pronikani kompaktni vrstvou kliry vlasu nebo povrchovou vrstvou nehtu byly opa-
kované u rtiznych druhd dermatofyt, ale také u druhu Scopulariopsis brevicaulis
(Marchisio et al. 2000) a druht rodu Chrysosporium (Mitola et al. 2002) popsany
utvary podobné apresoriim rostlinnych patogent, z nichz vyrusta prorazejici hyfa k
mén¢ odolnym vrstvam vlasu a nehtu.

Richardson et Edward (2000) simulovali v in-vitro podminkach rozklad neh-
tové ploténky béznymi plivodci onychomykézy mezi NVH, a to Scopulariopsis
brevicaulis, Acremonium sp., Fusarium sp. a Aspergillus versicolor. Sledovany
rust hub v nehtu nebyl srovnatelny s ristem hub sledovanym v praxi pii odbérech.
Druhy Scopulariopsis brevicaulis, Aspergillus versicolor a Acremonium sp. rostly
jen na povrchu nehtu a rozklad byl omezen na nekeratinizovanou mezibunéénou
hmotu. Pouze u kmenti rodu Fusarium byl pozorovan rist ve vSech vrstvach nehtu.

Mechanismus vstupu a stupenl rozkladu vlasu a nehtu riznymi kmeny Sco-
pulariopsis brevicaulis studoval také Marchisio et al. (2000). Pouzity byly kmeny
izolované jako prokdzani ptivodci onychomykoézy i kmeny izolované z ovzdusi.
Schopnost keratinolyzy se nezdala byt specificka pro druh jako celek; byla pozoro-
vana jen u tfetiny testovanych kmend.
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Oyeka et Gugnani (1997) studovali rozklad nehtovych odsttizkd druhy Fusa-
rium solani, Scytalidium dimidiatum a S. hyalinum. Zahrnuli pro srovnani i druhy
dermatofyt Trichophyton rubrum a T. mentagrophytes. Zkoumané nedermatofytic-
ké druhy vykézaly schopnost rozlozit 38—43 % nehtové ploténky oproti 70-73 %
ploténky rozlozené dermatofyty. Obdobné koncipovand prace na izolatech druhi
rodu Chrysosporium prokazala jejich schopnost rozlozit 50-80 % vlasové kiry a
kutikuly, tedy nejodolnéjsich ¢asti vlasu (Mitola et al. 2002).

Prakticka cast

Material k praktické casti bakalaiské prace (Hubka 2008) byl ziskan od
MUDr. Magdaleny Skoiepové, CSc. z Centra pro dermatomykézy 1.LF UK a
VFN. Urcované kmeny NVH byly odebrany z pacientii se suspektni onychomyko-
zou z Prahy a Stfedoceského kraje v obdobi od tinora do dubna 2008.

Z celkovaho poctu 29 primokultur NVH izolovanych z nehtd bylo ziskano 32
kmentl (viz tab.1). Zadny z kmentl nebyl pritkazné patogenni, protoze nebyly pro-
vadény opakované odbéry a nékteré kmeny byly izolovany spolu s dermatofytem.
Mezi ur¢enymi kmeny byly ale nékteré potencidlné patogenni druhy, predevsim
dva kmeny druhu Fusarium oxysporum, ktery patii k nejcastéji izolovanym pivod-
cim onychomykézy mezi NVH. Pfima mikroskopie ale v obou pfipadech byla
negativni. Az na vyjimky patfila vétSina kment k typicky kontaminujicim a sekun-
darné kolonizujicim druhtim. Kmeny Auxarthron sp. a Chaetomium funicola byly
predany do sbirky CCF pod eviden¢nimi ¢isly CCF 3835 a CCF 3809.

Auxarthron sp.

Za detailngjsi ptiblizeni stoji izolace kmenu Auxarthron sp. z nehtu 29-leté
pacientky s klinicky suspektni onychomykézou. O izolaci zastupce tohoto rodu z
klinického materidlu nejsou v literatuie zminky. Pfima mikroskopie nehtové tkané
byla negativni a opakovany odbér nebyl proveden, takze vztah kmenu k onemoc-
néni nebyl prokazan.

Rod Auxarthron je se svymi piiblizn€ 13 popsanymi druhy (Sigler et al. 2002,
Solé et al. 2002a, Solé et al. 2002b) relativné Sirokym rodem v ramci ¢eledi Ony-
genaceae. Druhy do néj nalezejici jsou napadné slozité utvafenymi cervenohnédy-
mi plodnicemi. Rodové jméno Auxarthron je pouzivano teprve od roku 1963. Do té
doby byly nalezy této houby fazeny do rodti Gymnoascus a Myxotrichum. Proto se
mizeme setkat s cetnymi synonymy (Currah 1985).
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Tab. 1: Prehled uréenych kmeni.

+ taxony popsané v literatufe jako ptivodci onychomykézy

- taxony neuvadeéné v literatuie jako ptiivodci onychomykézy
(srovnani s excerpci uvedenou v bakalarské praci Hubka 2008)

Taxon

=
(=4
(<8
[«
-
+
I

Alternaria alternata (Fr.) Keissl.

Arthrinium phaeospermum (Corda) M.B. Ellis

Aspergillus niger Tiegh.

Aspergillus candidus Link

Aspergillus sydowii (Bainier & Sartory) Thom & Church

Aureobasidium pullulans (de Bary) G. Arnaud var. pullulans

Auxarthron sp. CCF 3835

Beauveria bassiana (Bals.-Criv.) Vuill.

Chaetomium funicola Cooke CCF 3809

Chaetomium globosum Kunze

Cladosporium cladosporioides (Fresen.) G.A. de Vries

Cladosporium sphaerospermum Penz.

Eurotium amstelodami L. Mangin

Fusarium cf. avenaceum (Fr.) Sacc.

Fusarium oxysporum Schitdl.

Penicillium expansum Link

Penicillium spinulosum Thom

Phoma sp.

Trichoderma viride Pers.

W (NN |WIN | === N === NN —= ==
1

Ulocladium botrytis Preuss

Zrala askomata jsou kulovita, kryta sitovitou peridii zvanou retikuloperidie,
ktera sestava z tlustosténnych vétvicich se a anastomozujicich hyf. Plodnice s timto
typem peridie jsou Casto oznaCovany jako gymnothecia. Nachazime je u tfidy Eu-
rotiomycetes u rodt Auxarthron, Pectinotrichum, Arthroderma a Gymnoascus, ale
také u tfidy Leotiomycetes u rodd Myxotrichum, Pseudogymnoascus a Gym-
nascella. Velmi napadna je podoba mezi plodnicemi rodu Auxarthron a plodnicemi
nepiibuzného rodu Myxotrichum, které maji velmi podobnou retikuloperidii. Jak
ukazuji molekularné-fylogenetické studie (Sugiyama et al. 1999), vznikla konver-
gentnim vyvojem pravdépodobné jako adaptace na §ifeni ¢lenovci. Chlupy na téle
¢lenovcu propichnou snadno oka v retikuloperidii a cela plodnice je tim pfichycena
na télo ¢lenovce a Sifena dale na piislusné substraty (Greif et Currah 2003). Zata-
zeni rodu Myxotrichum mezi inoperkulatni diskomycety na zaklad¢ sekvenci SSU
rDNA mohlo byt ponékud prekvapivé. Studie zamétené na ontogenezi plodnic ale
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dospély k zavéru, ze askoma rodu Myxotrichum je ve skutecnosti modifikované
apothecium a retikuloperidie vznika z excipula (Tsuneda et Currah 2004), kdezto u
rodu Auxarthron se jedna z ontogenetického pohledu o pravé kleistothecium
(Skinner et al. 2006).

Nynéjsi koncepce rodu je dobie podpotena i fylogenetickymi analyzami (Solé
et al. 2002a, Sugiyama et al. 2002). Mezi morfologické znaky, které koresponduji
dobfe s fylogenetickymi daty, patii struktura askospor spolu s tvarem a délkou
peridialnich pfivéskd. Askospory se tvoii ve vieckach, jejichz sténa se v dobé zra-
losti rozplyva. Jsou kulovité nebo oplostélé, na povrchu sitovité, nebo poseté jam-
kami (Currah 1985).

Zastupci teleomorfniho rodu Auxarthron jsou Casto izolovani jako keratino-
filni druhy, déle jsou nachazeni jako saprotrofové na trusu, ve hnizdech a norach
zvifat. Rozsifeni je pravdépodobné kosmopolitni. Udaje o keratinolytickych
schopnostech nejsou jednotné a bylo by tieba je znovu experimentalné ovéfit. Cur-
rah (1985) uvadeél vSechny druhy jako keratinolytické, stejné tak Hubalek (2000),
naproti tomu Udagawa (1997) a Sugiyama et al. (2002) predpokladaji ztratu
schopnosti keratinolyzy béhem evoluce. Anamorfa typu Malbranchea, tvotici jed-
nobunécné nebo dvoubunééné artrokonidie, je Siroce rozsifena i v jinych celedich
fadu Onygenales (Stchigel et Guarro 2007). Byl zdokumentovan pfipad, kdy byl
rod Malbranchea urcen jako ptiivodce zanétu nosnich dutin (Benda et Corey 1994).

Zaznam o nalezu dvou druht rodu Auxarthron u nas pochazi z roku 1974,
kdy byly izolovany z pefi a hnizd tfi druhti ptaka (Hubalek 1974).
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Vit Hub k a : Non-dermatophytic filamentous fungi isolated from onychomy-
cosis-suspected nails

Non-dermatophytic filamentous fungi are often isolated from nails as con-
taminants or secondary invaders in dermatophyte onychomycosis. Their possible
role as pathogens, particularly of some rarely isolated species, is subject of discus-
sion. This article summarises various points of view on the significance of non-
dermatophytic filamentous fungi in nail infections. Marginally it deals with the
ability of non-dermatophytic filamentous fungi to invade nail tissue in-vitro.

Adresa autora: Vit Hubka, katedra botaniky, Universita Karlova v Praze, Ptiro-
dovédecka fakulta, Benatska 2, 128 49 Praha 2; e-mail vit.hubka@seznam.cz

OSOBNI

K NEDOZITYM OSMDESATYM NAROZENINAM ING. JANA
KUTHANA (1929-1997)

HelenaDeckerova a BronislavHIuza

Na 22. duben 2009 ptipadlo 80. vyro¢i narozeni vyznamného ¢eského myko-
loga s evropskym rozhledem — ing. Jana Kuthana. Narodil se v Brn¢ 22. 4. 1929,
obecnou skolu zacal navstévovat ve Znojmé, pokra¢oval v Lesonicich a dokon¢il
ji v Brné, kde v roce 1940 nastoupil na realné gymnazium. Zajem o organickou
chemii jej vSak vroce 1944 ptivedl na chemickou primyslovou $kolu, na niz
maturoval v roce 1948. Pak zacal studovat chemicko-technologické inzenyrstvi se
zaméfenim na organickou chemii a chemii paliv na Vysokém uceni technickém
v Brné. Protoze mél od mladi velky zajem o ptirodu, navstévoval na technice i
nepovinné prednasky ze vSeobecné a specidlni botaniky, zoologie a mikroskopie
véetné zboziznalstvi. Tam také jako vysokoskolského uéitele poznal botanika a
mykologa prof. dr. Jana Macki. Rok 1950 vsak stravil ve vazbé v souvislosti s
obvinénim jeho otce ze spoluprace s tehdy souzenymi vedoucimi funkcionafi
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