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Taxonomia de fungos

Ciclo de vida (assexuada e sexuada)
Morfologia macro- e microscopica

A celula fungica




/ Dominio dos seres vivos \

Woese e colaboradores (1977) propuseram um novo sistema de classificacdo baseado,
principalmente, em aspectos evolutivos (filogenéticos), pela comparacao das
sequéncias de genes que codificam o rRNA de diferentes organismos.

E Prokaryotes . Eukaryotes
EUBACTERIA ARCHAEA EUKARYA MULTICELLULAR
ORGANISMS
Green nonsulfur bacteria Sime g Animals
Entamoeba
Gram-positive bacteria Fungi
Purple bacteria Methanobacleri Plants
Cyanobacteria Mohanococas Ciliates
Flavobacteria 2 Flagellates
Thermotogales Trichomonads
Microsporidia
Diplomonads

UNIVERSAL

ANCESTOR

\Evidéncias moleculares tem sugerido uma proximidade filogenética/

maior dos fungos aos animais que as plantas e aos protozoarios.
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Evolucao e classificacao dos fungos

™

Dominio: Eucarya

Rein

o: Fungi

Filos:

B
G
C

astocladiomycota
omeromycota

nitrydiomycota

Zygomycota

A

scomycota

Basidiomycota




Fungal taxonomy and sequence-based nomenclature

Robert Licking, M. Catherine Aime, ... Conrad L. Schoch=  + Show authors
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Abstract

The identification and proper naming of microfungi, in particular plant, animal and human
pathogens, remains challenging. Molecular identification is becoming the default approach
for many fungal groups, and environmental metabarcoding is contributing an increasing
amount of sequence data documenting fungal diversity on a global scale. This includes
lineages represented only by sequence data. At present, these taxa cannot be formally
described under the current nomenclature rules. By considering approaches used in bacterial
taxonomy, we propose solutions for the nomenclature of taxa known only from sequences to
facilitate consistent reporting and communication in the literature and public sequence
repositories.




Taxonomia em constante mudancga...

A Kingdom FUNGI

l | | I I

ZYGOMYCOTA  CHYTRIDIOMYCOTA ASCOMYCOTA BASIDIOMYCOTA

B Kingdom FUNGI

Subkingdom DIKARYA

CHYTRIDIOMYCOTA NEOCLLIMASTIGOMYCOTA BLASTOCLADIOMYCOTA GLOMEROMYCOTA § ASCOMYCOTA BASIDIOMYCOTA

Subphylum

Mucoromycotina Entomopthoromycotina Kickxellomycotina Zoopagomycotina

Figure 1. 0ld (4) and a proposed new (B) classification schemes of the kingdom Fungi.

Kwon-Chung. Clinical Infectious Diseases 2012;54(S1):S8-15.
Naranjo-Ortiz MA, Gabaldon T. Biologival Reviews 2019; 94:2101-2137.
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Clinical Microbiology
Reviews

AMERICAN
SOCIETY FOR
MICROBIOLOGY

Clinical Microbiology | Review

Changes in fungal taxonomy: mycological rationale and
clinical implications

Andrew M. Borman,'? Elizabeth M. Johnson'?

2023
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4 h

Caracteristicas gerais dos fungos

Eucariotos
Podem se apresentar nas formas de hifa ou levedura

Nao possuem clorofila

Quimioheterotroficos - necessitam de matéria organica
para obtencao de energia
Nutricao por absorgao

absorvem nutrientes soluveis pela parede celular e membrana
plasmatica.

Armazenamento de energia: glicogénio, manitol,
trealose e alcoois

\_ /




4 h

Parede celular de quitina e glucanas

A evolucao da parede celular rica em quitina foi
fundamental para o sucesso e diversidade dos fungos,
permitindo que estes organismos resistissem a alteragoes
osmoticas e habitassem os mais distintos ambientes;

Na maioria, sao seres haploides

As ceélulas nao possuem centriolos, e sim, centros
formadores de microtubulos

Membrana nuclear nao se rompe durante a divisao
celular, nao forma placa de metafase

\ Pode ter ciclo assexuada e sexuado /
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4 h

Morfologia — organizacao fungica

e Unicelulares — fungos leveduriformes

Ex. Saccharomyces cerevisiae

ePluricelulares — fungos filamentosos (“bolor”)
 Hifa — unidade basica do fungo ‘
» Micélio — conjunto de hifas

Ex. Aspergillus fumigatus

\_




/ Fungos dimorficos \

Capacidade de um fungo em possuir duas formas
distintas dependendo das condicdoes ambientais.

Importante na patogénese do fungo.

Fungos Termodimorficos

Paracoccidiodes spp.
Sporothrix spp.
Blastomyces dermatitidis
Histoplasma capsulatum
Coccidioides immitis

Coccidioides podassii

patogénico Penicillium marneffei

\ saprofitico /
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/ Leveduras \

Caracteristica macroscopica

Coloracao e Consisténcia

FORM OO . * ‘ * ’\

Punctiform  Circular Filamentous Irregular  Rhizoid Spindie

ELEVATION J— pr— A A .

Flat Raised Convex Pulvinate Umbonate

wo N D DB A

Entire Undulate  Lobate Erose  Filamentous Curled

k Forma, superficie, margem, coloracéo, aspecto (seco, umido), /
Tamanho — dependem do tempo de incubacao, meio e temperatura
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/ Leveduras \

Caracteristica microscopica
OO DT

&=
Py g
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Leveduras \

Reproducao assexuada — Formacao Blastica

Brotamento / fissao binaria

@Nuclear (e — @
® Budding > @ Blastoconidia
@ Germ tube Pseudohyphae

A Yeast

15



/ Fungos Filamentosos \

Caracteristica macroscopica

Qorma, superficie, margem, coloragio verso e reverso, aspecto (seco, L’Jmidcy

tamanho — dependem do tempo de incubacao, meio e temperatura
16




/ Fungos Filamentosos

Caracteristica microscopica

e Hifa

o _ _ Vegetativo
e Micélio (conjunto de hifa)

Reprodutivo

Hifa nado septada Hifs septada

— Nao-septadas /Continuas
Septadas/cenociticas

- Hialino X Demaceo
— Espessa X Delgada

17
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Fungos Filamentosos

Reproducao assexuada -

e Formacao Blastica

™

Micélio reprodutivo

\_

%g%g j Ph j 3

2 hyphae
B Conidia P
(Aspergillus spp.)

e Formacao Talica
Artroconidios

eFormacao de Esporangios

Artroconidio

18
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Fungos Filamentosos

Exemplos de Estruturas de reproducao assexuada

™
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Ciclo de vida dos fungos

simplificado
Key
Haploid (n) - Heterokaryotic
»» Heterokaryotic LN stage
(unfused nuclel from PLASMOGAMY ‘%’; 7}
different parents) (fusion of cytoplasm) ﬂ'azi‘i\:_
Diploid (2n) A ©
KARYOGAMY
Spore-producing (fusion of nuclei)
R Zygote
Spores SEXUAL
ASEXUAL Mycelium REPRODUCTION
REPRODUCTION
l MEIOSIS |
QERMINATION GERMINATION

- Spores

LS TR s Plunanr bn paletny s Poawes Tas e Corerons

http://apbiosemonefinalreview.pbworks.com/w/page/11980956/Fungi-
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Reproducao sexuada

\

Os fungos podem ser:
Homotalicos (forma auto-fértil)

Heterotalicos - em que a reproducao e regulada por genes
especificos de 2 “mating type” (tipos sexuais) distintos.

Reproducio sexuada dos fungos envolve 3 eventos,
nem sempre sequénciais de imediato:

Plasmogamia (eventual situacao Dikarion)

Cariogamia

Meiose

/
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Morfolog
Reproducao sexuada

-

ejooAwoipiAyg
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/ Ex.: Ascomycota \

Ascosporos — Ascos - Ascocarpo

-Homotalicos e heterotalicos
-Possuem 2 tipos sexuais (a e a)
-Feromobnios — fator a e a

- Plasmogamia, situacgao dikarion,
Cariogamia, Meiose

25
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Levedura
Saccharomyces cerevisiae

MICROBIOLOGY AND MOLECULAR BIOLOGY REVIEWS,
Dec. 2005, p. 565-584 Vol. 69, No. 4

« Formacg&o de Ascos e Ascosporos

A B

26




Tipos de Ascos e Ascocarpos

Ostiolo

=y
A Tl

(00000

Peritécio

Cleistotécio

Apotécio

e

Ascocarpos
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Basidiomycota
Reproducao sexuada - Basidiosporos

A maioria é heterotalica
Plasmogamia, situacao de dikarion, Cariogamia, Meiose
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Micélio Septado

" Haploid (n)
[ Dikaryotic (n+ n)
' Diploid (2n)

30




4 A

Peculiaridade da Taxonomia de Fungos

2 nomes para a mesma especie de acordo com a
fase do ciclo sexual.

Fase anamorfico Fase teleomorfico
(assexuada)

Cryptococcus neoformans Filobasidiella neoformans
Cryptococcus gattii Filobasidiella bacillispora

\ One fungus = one name /

Thaylor J. IMA Fungus 2011 Dec; 2(2): 113-120. 31




/ Vol 45722 January 2009|doi10.7038/ nature07528 namre \

Discovery of a sexual cycle in the opportunistic fungal
pathogen Aspergillus fumigatus

Céline M. O’'Gorman'~, Hubert T. Fuller' & Paul S. Dyer*

Aspergillus fumigatus Neosartorva fumiqata
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A célula fungica

Pore innuclear membrane

vacuole
Endoplasmic reticulum
Vacuolar membrane

Lipid granule
Budscar —»
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O envoltério

GalXM| \GXM
l

(e-1,3-glucan

{no outer

‘Protein Mannan
l ‘chains)

Mannan;
f-1,6-glucan 7
p-1.3-glucan
Chitin —
a Candidayeasts b Pneumocystis spp. € Aspergitlus d Aspergilius e Cryptococcus f Histoplasma capsulatum
conidium Jumigatus and Blastomyces
hyphae dermatitidis

Nature Reviews | Microbiology

Erwig & Gow. Interactions of fungal pathogens with phagocytes. Nature Reviews Microbiology 14, 163—176 (2016).
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iICa - GXM GalXM
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ISsacari

Capsula pol
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neoformans se liga a a(1,3) glucana
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/ Parede celular \

100 nm : . : == Mannan == [3-1,6-glucan == Chitin
: == Proteins == [-1,3-glucan

" Cell fnenﬂbfane
Quitina: 1 - 2%
Glucana: 50 - 60% peso seco da parede
Proteina: 30 - 50%
Nather K & Munro CA. FEMS Microbiology Letters 285: 137-145, 2008.
Gow et al. Nature Reviews 10:112-122, 2012. 37




itina proteina T ancora GPI
\ — %,3 glucana oligossacaridios-N e O membrana /

Bowman SM & Free SJ. BioEssays, 28: 799-808, 2006.
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Sintese de quitina

\

UDP

Rholp Fkslp

B

w ey

Y=

|
/ SS

\

Quitina sintase (Chs)

csi?
M{{/,,cmx

BS

E

N-acetilglucosamina — M

NH CH,OH

CH,OH NH

Quitina (p1,4)

Chs1 —reparo da parede celular e

citocinese

Chs2 — formacao do septo

Chs3 — responsavel pela sintese de
80-90% de quitina de parede celularj

Cabib E et al. The Journal of Biological Chemistry, 276: 19679-19682, 2001.
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Sintese de glucana

cadeia de glucana —__

[
sitio de ligacao GTP UDP-glucose

B 1,3 glucana — 65-90%
B1,6 7
B1,4

- Se ligam a cadeia 3
ats 1,3 gl
a1.4 ) ,3 glucana
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/ Leveduras: 30-50% \

Glicoproteinas _
Filamentosos: 20-30%
Exocellular fi1,6glucan
environment

\
/

Plasma
membrane

GPI = glicosil fosfatidil inositol (fosfogliceridio
ligado na por¢ao C-terminal de uma proteica na
reagao pos-transcricional)

Latgé JP. Molecular Microbiology, 66 (2): 279-290, 2006. 49




™

Proteinas » Funcoes celulares

Enzllmas Sintese e remodelagem
associadas a de parede celular

parede celular Quitinases, glucanases,
(WAES) peptidades,

MO CIES

estruturais Migracao celular,

adesao, biofilme
“Fusao e mating”

(pequenas e com
dominio funcional)
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Estrutura dindmica

Exoes to inerte

Protecao celular

\ Manutencao da forma /

44




/ Remodelagem da parede celular: \

Crescimento da célula —

Brotamento

Ramificacao da hifa

Transito de moléculas
Trafego de vesiculas
Protecao contra choques osmaoticos, raios UV, enzimas
Interacoes da parede com o0 meio
\ Importante no estabelecimento da infeccao (adesao) /
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4 h

Composicao da parede celular é dependente de:

Espécie

Ciclo celular

Morfologia

Condigdes nutricionais

Condicoes de estresse ambiental

\_ /

46



e

Membrana citoplasmatica

™

Ergosterol como principal esterol
de membrana de fungos
Vital para a sobrevida dos
fungos — principal alvo dos
agentes antifungicos

\_

EXTRACELLL (AR

SPACE

(owh=y A ok u\\‘

Bicamada lipidica com proteinas transmembranas associadas,
Controla entrada de nutrientes/substancias (permeabilidade seletiva)
Ancoram importantes enzimas: glucana sintase e quitina sintase
Transducao de sinais do meio externo para a celula

47
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Sistema secretorio — Reticulo endoplasmatico (RE),
complexo de Golgi (CG) e vesiculas (v)

CG mamifero

CG Fungo

48



Extracellular space: assembly, crosslinking and

romodeling of the cel! wall

[

secretory
vesicle

(@

blasmg

L membane

Chitin synthase Glucan synthase
(vectorial synthesis) (vectorial synthesis)

174 WV y-
@ = Golgl Apparatus:
A additonal glycosylation

ER: protein synthesis on
ER-aszociated nbosomes,
N-linked glycosylation,
and GPI anchor additicn

on N.linked olgosaccharides
and O-linked glycosylation

™

Chitin
- Beta- 1,3 - glucan
Protein

[T GPIancher
mambrane

N and O - linked oligosaccharides

Sistema secretorio

EXx. sintese das
enzimas responsaveis
para sintese de parede

celular de fungo

Bowman SM & Free SJ.
BioEssays, 28: 799-808, 2006.
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EX. pectinases, celulases, proteinases, quitina sintase, glucana sintase e outras

Mecanismos de secrecao \

proteinas

Delivered from
the cytosol?

Components
probably
delivered by
membrane-
bound vesicles

Delivered from

k the cytosol?

Enzyme activators (GTP),

inhibitors
i \‘
Mannoproteins O

Glucan synthetase Q —

Plasmalemma

Wall-lytic enzymes,
s O—

protease activators

Chitosomes ®
(chitin synthase)

Multivesicular ® ;,
bodies

Wall substrates /

Deacon, J. Fungal Biology. 4th edition, 2009. 50



/ Tipos de Poros - fungos septados
Ascomicetos Basidiomicetos

Poros simples/corpos de woronin Doliporos/parentossomos

T A e
3 v ey

N

; | r'l' :I‘.;' ‘ ..
S

Worgneh iy

Diametro: 50-500 nm Diametro: 100-150 nm
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Septo - Ascomycota
Poros S|mples/corpos de woronln

d&ﬂahémg

;«' ¥ ..}
.f")‘ 4 "f’§
b

¥ ‘ ."":""\r, ; “j'*:'v/-‘:.
N L SR A A %ﬁ\':
' i Ay b ¥ & ae »\
b R A

3 \ f & 20 . A
~ ‘.‘ .h\‘-o.‘;" \ “.“, ‘w%& ! Pt . ‘,t'

1PN "—7'.“"."4‘!! AR AT a
RRRRT Yo N PR A

l.’N 4

Diametro: O 05-0,5 ym,

Permite a passagem de substancias/organelas/nucleo de um citoplasma para
outra célula

corpo de woronin — derivado do peroxissomo (Gene : HEX1)

Mutante nao possui corpo de woronin, morte na ruptura do micélio

Quando uma hifa é danificada, o corpo de woronin sela o poro, impedindo que a
hifa adjacente seja danificada

Momany et al. Mycologia, 94: 260-266, 2002. 52
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Septo - Basidomycota \

DOLIPORO/Parentossomos (RE)

\_

Diametro: 100-150 nm

Passagem somente de
substancias/vesiculas de um
citoplasma para o outro

E complexo:

® poro circundado por 2 orlas
composto por glucana
anamorfo,

® parentossomo (RE)- que
impede o transito de

organelas Agaricus bisporus /

53



1-2 ym diametro
Dupla membrana nuclear — eucariotos

citoplasma, ja que o fungo pode possuir outro nucleo

separacao dos cromossomos:
Ascomicetos — anel ou disco

K ponte

Nucleo e nucléolos nao desaparecem durante a divisao
celular, para evitar que o material genético se espalhe pelo

Nao esta certo de que ha uma placa de metafase, o que ha
sao centros organizadores de microtubulos, para a

Basidiomicetos — 2 globulos terminais conectados por uma

/

95



/ Divisao do nucleo em leveduras (Ex. Ascomiceto) \

1. Membrana nuclear nao se desfaz
2. Microtubulos astrais - Deslocamento do nucleo

4. Nao forma placa de metafase

3. “Spindle Pole Body” (SPB) (centros organizadores de
microtubulos) — separagao dos cromossomos

G GvS SIG2

M(Anaphase)

M(Anaphase) ' M(Anaphase)

5

56

Shaw et al. The Journal of Cell Biology 139: 985-994, 2007.



Divisao do nucleo Basideo de Auriscalpium vulgare

SPB = SP - “spindle pole body” ou
placa mitotica

S - fuso mitotico

NE - envelope nuclear

ER - reticulo endoplasmatico

NM - microtubulos

Meta-anafase

. N3

Celio et al. Mycologia, 99: 644-654, 2007.




Spitzenkorper
Corpo apical

Sclerotium rolfsii, (MET
substituicao a frio)
(Roberson & Fuller, 1988).

Fig. A. Extremidade da hifa
com Spitzenkorper (S).

Fig. B. Parte madura da hifa -
Presenca de mitocondrias (M),
vacuolos tubulares (Va),
complexo de Golgi (G) e
microtUbulos (MT).

Fig. C Spitzenkorper

http://www.biology.ed.ac.uk/research/groups/jdeacon/microbes/apical.htm 58




4 h

E o centro organizador da extensao da hifa e responsavel pela
morfogénese
Quando o crescimento é cessado, a estrutura desaparece

E variavel entre as espécies. Ascomicetos e Basidiomicetos
sao evidentes

Uma organela constituida por varios tipos de
vesiculas,microfilamentos, microtubulos e ribossomos

Vesiculas podem conter constituintes da membrana plasmatica e
da parede celular, substancias que serao secretadas

Faz parte dos processos de Exocitose e Endocitose

Spitzenkorper apical — crescimento do micélio

\ Spitzenkorper satélite — ramificacdo do micélio /
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FUNGOS PATOGENICOS DE
INTERESSE MEDICO E VETERINARIO

\_ /
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Table 3. WHO fungal priority pathogens list

J.

Cryptococcus
neoformans

S

Candida auris

T

Aspergillus fumigatus

Candidao albicans

Nakaseomyces glabrato 7 Scedosporium spp.
(Candida glabratal 7y«
Histoplasma spp. P . L::-n;;n!‘&.sp&ra

Ll prolificans
Eumycetoma causative l:.,:- l:f' Coccidioides spp.
agents '..#."
Mucorales ’f \ Fichia kudrigvzeveii

' (Candida kruseil

Fusarium spp. b' *  Cryptococcus gattii
Candida tropicalis Talaromyces marneffei
Candida parapsilosis 5 %  Pneumocystis firovecii

fir

Paorococcidioides spp.




CURVA GERAL DE DANO-RESPOSTA DA PATOGENESE

Box 1| Basic tenets of the damage-response framework

* Microbial pathogenesis is an outcome of an interaction between a host and a
microorganism.

* The host-relevant outcome of the host-microorganism interaction is determined by
the amount of damage to the host.

* Host damage can result from microbial factors and/or the host response.

T Death
44
o
1%
E .......... meeeemeeeee [liGEASE
'g' Latency
I
Colonization
_ Commensalism
‘T
=
&
=)
T

Weak Strong

Host response
Casadevall & Pirofski. Nature Reviews Microbiology, 1:17-24, 2004.
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Alguns fatores de viruléncia de fungos

™

Dimorfismo fungico

Biofilme

Aderéncia (glicoproteinas/proteinas de superficie)
PrOdUQéO de enzimas: proteinases, fosfolipases, lipases, esterases,

hemolisinas, urease, e outras

Sideroforos

Toxinas

Termotolerancia

Capsula polissacaridica

Producao de melanina

Mecanismos de evasao do sistema imunologico

/
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FATORES DE VIRULENCIA

w

Postulado de Koch — Versao Molecular

REVIEWS OF INFECTIOUS DISEASES « VOL. 10, SUPPLEMENT 2 « JULY-AUGUST 1988

© 1988 by The University of Chicago. All rights reserved. 0162-0886/88/1004-0051$02 00

Molecular Koch’s Postulates Applied to Microbial Pathogenicity

Stanley Falkow From the Department of Microbiology, and Immunology,

Stanford University, Stanford, California

Os genes envolvidos na viruléncia sao encontrados em
microrganismo patogénico ou sdao ausentes ou inativos em nao-
patogénicos.

Perda funcional desses genes resulta na geracgao de
microrganismos avirulentos.

A introducao de tais genes leva a recuperacao da viruléncia.

Os genes sao expressos durante a infeccao.

/
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4 A

O que induz o dimorfismo?

Box 2 | Morphology-inducing conditions

c Condi¢coes ambientais

Yeast cells
* Cell density >10° cells ml™*

« Growth below 30°C Candida albicans
* pH4.0

Pseudohyphae
« pH6.0,35°C Yeast

* Nitrogen-limited growth on solid medium (SLAD)
Hyphae

* Serum, >34 °C

* Lees medium, 37 °C

* pH7.0,37°C

Other filament-inducing conditions

* Spider medium

* Engulfment by macrophages

* Mouse kidneys

* Growth in agar matrix Pseudohyphae True hyphae
* Iron deprivation

* Anoxia
* n-acetyl glucosamine Berman & Sudbery. Nature Reviews Genetics, 3:918-930, 2002.
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Expression of hyphal-
associated genes

Adhesion

Invasion
¢ Induced endocytosis
e Active penetration

Damage
Dissemination

Iron acquisition via
ferritin

Escape from

ngcytes

Table 1. Examples of morphology-dependent
activities of Candida albicans during infection.

Under certain Per definition  [19.20.26,28]
conditions

Moderate Strong [40,86]
[36,39,40)

Low Moderate

None High

None High 40,86]

Within the Across epithelial [18.22.36.46]
bloodstream  barriers;
interepithelial

Not described Via Als3 [43]

Not described Yes [19.47.60]

™

Als3p

adesao, invasao, formacio de
biofilme e aquisi¢cao de ferro

Desenvolvimento de vacinas e
anticorpos monoclonais — Estudos
clinicos fase 1/2

Vacina NDV-3 — proteina
recombinante da porgao n-
terminal de Als3p

Anticorpos monoclonais — varios!

Sui et al. Vaccine 35(43): 5786-5793, 2017. /




Sobrevivéncia intracelular

Candida yeasts Candida hyphae Aspergilius conidia

Coiling phagocytosis  Zipper-type phagocytosis

Aspergillus hyphae

Mouse immature
dendritic cells
phagocytose the
different fungal
morphotypes...

Zipper-type phagocytosis
- = }n

...through different

phagocytic modalities...

T MHC class ll molecules T MHC class Il molecules T MHC class Il molecules T MHC class Il molecules
...undergo T Co-stimulation T Co-stimulation T Co-stimulation T Co-stimulation
functional maturation... T IL-12 production T IL-4/L-10 production T IL-12 production T IL-4AL-10 production

...and instruct
protective Ty1- and
non-protective
T2-cell responses.

D Frequency of IFN-y-producing Ty1 cells D Frequency of IL-4-producing T2 celis

Romani. Nature Reviews Immunology, 4?1-13, 2004.




7

O que controla o dimorfismo?

~

Aspectos celulares

68



Como ocorre? + Spitzenkorper

Hohmann-Marriott et al. New Phytologist, 172: 208—-220, 2006.

69




Deslocamento do Spitzenkorper \
Se permanece fixado — crescimento celular esférico
Se move lentamente — estrutura eliptica
Se move rapidamente e continuamente — estrutura alongada (hifa)

Taxa de liberagao de vesiculas - 4 x maior
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(Iém do deslocamento do Spitzenkorper... (Grau do crescimento polar%)
1. Posicionamento do anel de septina
2. Posicionamento do nucleo
3. Habilidade das células filhas em se separar da célula mae

Candida albicans

\/ \/ \/

r]l!

j tin-GFP .-._N = —_—
\ )/ . S /

Sudbery et al. Trends in microbiology, 12: 317-324 , 2004.
Sudbery. Nature Reviews Microbiology 9:737-748, 2011.
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O que controla o dimorfismo?

™

Aspectos Moleculares
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Global Control of Dimorphism and
Virulence in Fungi

Julie C. Nemecek,' Marcel Wiithrich,? Bruce S. Klein®23%*

www.sciencemag.org SCIENCE WVOL 312 28 APRIL 2006

Histoplasma capsulatum
Blastomyces dermatitidis

Integridade de Parede celular

{

Histidina kinase J L Filamentagio
DRK1 Expressido de genes de viruléncia

Anita Sil. Current Opinion in Microbiology 2019, 52:151-157
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gene da histidina kinase (drk1)
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Blastomyces dermatitidis B

A mutant badfA
WT 4-2-2 #55
e pal

BaD1 @ i
2 BAD1

\ Chitin
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Hg/mg dry weight
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Altered
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4 A

WT drk1-RNAI

©
P N o
o N
DRK1 W 100
BAD1 W :g
‘ ., B. dermatitidis
AGST - 104 Jj strain 60636
«©
BYS1 "™ z :g - wildtype
‘ —~ — CTRL-10
GAPDH - ‘% 40 A~ CTRL-11
= 30 —o—#2-7
20 | #2-19
DRK1-histidina kinase 10 | ~@— #2-23

0 ——— , Gy
BAD1-proteina de parede celular 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Days postinfection

AGS1-a-(1,3) glucana sintase

BYS1-funcao ndo conhecida

\_
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Candida albicans

Histidina kinases também sao importantes
para a morfogénese e viruléncia

Hybrid- histidine kinases

Sin1 Nik1 Chk1
Required for virulence Yes Yes Yes
Sensitive to osmotic stress Yes Yes No
Sensitive to oxidant stress No No Yes

Kruppa & Calderone. FEMS Yeast Research, 6: 149-159, 2006.




Histidina kinase

N

Ativacao MAPK

I

Morfogénese
Biossintese de parede celular
Adaptacao osmotica e oxidativa
Histidina kinase chk1 Fatores de viruléncia

(Candida albicans SC 5314 —
Alphafold)

\_

Kruppa & Calderone. FEMS Y east Research, 6: 149-159, 2006.



Histidina kinase € uma proteina altamente conservada em
fungos

Sao proteinas sensoriais que se autofosforila quando ha
mudangas ambientais

As Histidina kinases (a maioria) nao sao transmembranas
(SIn1p em Candida albicans é!!)

Nem toda HK esta envolvida na ativacao de MAPK

Aparentemente nao se encontra em humanos — novo alvo para
estudo de antifungicos

Li et al. Histidina kinase keep fungi safe and vigorous. Current Opinion in Microbiology, 13: 424-430, 2010.
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Via da MAP kinase regula a morfogénese e viruléncia

fungica
Stimulus

Modulo adaptador:

PAK (quinase ativada p21)

GTPases
Nucleo ;: ;

Fosforilagao de fator de transcricao ()

ou molécula reguladora !

Acao no gene alvo - @ ----- -

R 1 Lo
p . . . . TRENDS in Microbiology
Ramon et al. MAP kinase pathways as regulators of fungal virulence.Trends in Microbiology, 15:181-190, 2007.




Ste11 Bcek1 Ste11
MAPKKK Ste11 Bcek1 Ste11
? Bck1 Stella

N/ . f

Pbs2
MAPKK Pbs2 . .
Pbs2 S. cerevisiae

v ' Y ' C. albicans

Hog1 C. neoformans
MAPK Hog1
Hog1

'

HOG : . t Invasive and SVG
pathway pa i ‘

/

~ Stress response
Cell wall biogenesis
Virulence

Q)

Virulence

TRENDS in Microbiology
Ramoén et al. Trends in Microbiology, 15:181-190, 2007.
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. . . ~ Matrix  37°C  LowN Serum Farnesol CO,
Kllas de sinalizacao PO g

enVOIVidas na morfogénes ....... £ 00000000008 r‘ xxxxxxxxxxxxxxxxxx
de C. albicans

Mutante CPH1 e EFG1
— nao filamentam e sao
menos virulentos

!

Envolvimento das duas vias
na morfogénese de Candida

Methionine pH

!

}

albicans

!

Formacao do
biofilme

GleNAc

}

o /'
Farnesol
Sudbery. Nature Reviews Microbiology 9:737-748, 2011.
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