





Atividades importantes na vida de
um patogeno durante a interacao

Localizar

Aderir

Penetrar

Colonizar

Supressao das defesas do hospedeiro
Reproducao

Dispersao



Processos no ciclo das relacOes patogeno-hospedeiro
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Processos, subprocessos e mecanismos envolvidos no
cilco das relacdes patogeno-hospedeiro
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O processo “Disseminacao”

(ransperie
> ou
+  dispersie

depuosicido

respingos com
propdgulos

frutificaciio
du
patogeno

LIberacéo de esporos por respingos de chuva




N

Nt Lﬁ/l Q/

'

Figura 14.4 - Liberagio de zodsporos de Pythium middletonid (A) movimentagio do
protoplasto pela estrutura tubular; (B) formagio de vesicula; (C) migragio do protoplasto para
a vesicula; (D) form 0 de zobsporos; (E) liberagho de un,‘)spunl\ (Ingold, 1971).
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Deposicéao Pré- Penetracao Relacbes
penetracao parasitarias
estaveis
Infeccao

Gauman, 1950; Hirst & Schein, 1965; Butt & Royle, 1980;
Lucas, 1998; Schumann & D"Arcy, 2006

Infeccao

Strobel & Mathre, 1970; Agrios, 1988; 1997

Infecc@o — processo que tem inicio na pré-penetracdo e termina com o
estabelecimento de relacdes parasitarias estaveis entre

patdégeno e hospedeiro

Colonizacao

Infeccao

Roberts &
Boothroid, 1972;
Gonzales, 1976;
Trigiano et al. 2004

Amorim & Pascholati, 2011




O SUB-PROCESSO “PRE-PENETRACAQ”

A)Tatismo (= taxia) — movimento direcionado do patdgeno em
relacdo ao hospedeiro

- Resposta de patdgenos e/ou estagios moveis na agua do solo/
filme d’agua na superficie das plantas. Ex. zoosporos / bacteérias.

Quimiotatismo — movimento em resposta a um estimulo quimico

OV *ILC LU
epositadas sobye lolhas de videira (1) e W(k 2003pHOT0s
ewistados (b) (Arens, 1929, ciaddo por Hickman & Ho, 1966).




Raizes
resistentes

Raizes
suscetiveis Zoosporos Phytophthora
megasperma

(Chi/Sabo, 1978)

Quimiotatismo Quimiotatismo
- Especifico x Nao-especifico

- Quimioatraentes x quimiorepelentes
»amino acidos, aglicares, nucleotideos, vitaminas

BACTERIA [Atraentes]
Receptores protéicos

(Membrana plasmatica) [Repelentes]

Flagelo
responde




Susceptivel

24 horas

Resistente

B | D .- ‘.‘

Atracao de zodsporos de Phytophthora cinnamomi em direcdo a raizes susceptiveis (A
e C) e resistente (B e D). Atracao - 1 hora apos inoculacéao (A e B) e infeccao e
colonizacéo - 24 horas apoés inoculacao (C e D) (Agrios, 2005) (Video)




Videos

Zoospores of Phytophthora nicotianae x tobacco root tip

https://www.youtube.com/watch?v=PxF8OwDtJh0

Phytophthora plurivora zoospores attracted to Beech root exudates

https://www.youtube.com/watch?v=F4s|TLkhwuY



Dois grupos de zoosporos de mildio da videira (Plasmopara viticola)
encistados junto a dois estdbmatos (Agrios, 2005)




Células de Pseudomonas syringae, agente causal da mancha
bacteriana, vistas ao redor de um estdmato de folha de cerejeira



Figura 12.13 O motor retatéro gue movimenta o flagelo boc-

fenano ssoclado com os discos da por¢ao basal do
fla 2 conduzido pela forga protornotiva

Porcao basal do flagelo tem
Parede motor rotatorio conduzido
Citoplasma celular pela forca protomotiva
R N\

3

Membran Gancho Flagelo em forma
citoplasmatica do flagelo de saca-rolhas
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Bacterias - Fixacao do flagelo

| Filamento I

| Gancho I

{Membrono externa

Parede

celular Peptideoglicano

Haste
Anel basal
Membrana citoplasmatica

Citoplasma

Desenho de um corpo basal ilustrando sua estrutura e fixacdo a bactérias Gram-negativas.
O flagelo de bactérias Gram-positivas tem somente dois anéis (um par) que fixam o flagelo a membrana
plasmatica e a parede celular.




Blastocladiella emersonii

Phytophthora palmivora

Figure 4.15  The mortility of fungal zoospores. The large arrow indicates the direction in
which the zoospores are swimming and the small arrows the direction that waves travel
along the flagella ~ away from the body of the zoospore. Zoospore of the
- _ Chytrldnomycgte Blastocladiella emersonii. Waves travelling backward along the single
MOV|mentaan smooth posterior flagellum generate a thrust that pushes the zoospore forwards. A change
i in the direction of movement occurs by the development of a sharp bend at the flagellum
dos Z00Ssporos base, changing the direction in which the head points; in effect, the flagellum has acted as
a rudglerZoospore of the Oomycete Phytophthora palmivora, with two flagella
emerging Ifom a deep groove on the ventral surface of the zoospore. The smooth posterior
‘whiplash’ flagellum behaves in a similar way to that of Blastocladiella. The anterior
flagellum is a ‘rinsel’ flagellum ~ it carries stiff hairs, mastigonemes. Although the waves
travel forward, the resulting movement of the mastigonemes generates a thrust that
contributes to the forward movement of the zoospore. (After Carlile, M. . (1985). The
zoospore and its problems. In P. G. Ayres & L. Boddy, eds., Water, Fungi and Plants.
Eleventh Symposium of the British Mycological Society, pp. 105-118. Cambridge
University Press, Cambridge.)
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Um Unico mitocondrio ocorre
proximo ao corpusculo basal

(respiracéo alta devido ao flagelo) —
esporos dormentes nao sintetizam

Zoospore of Blastocladiella emersonii macromoléculas
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oospore of Blastocladiella emersonii

Ribossomos ficam empacotados
dentro da “nuclear cap” separados
do citoplasma

(um inibidor de sintese proteica preso aos
ribossomos explica a ndo sintese de
proteinas

l

30 min apos o encistamento, a capa
nuclear desintegra para liberar os
ribossomos

Um Unico mitocondrio ocorre
proximo ao corpusculo basal

(respiracéo alta devido ao flagelo) —
esporos dormentes nao sintetizam
macromoléculas




Eletrotatismo — movimento em resposta a carga elétrica

o~
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Pythium aphanidermatum

+ + J+\Q+ —_—‘ﬁ/ﬂ/ -

By+ Phytophthora palmivora
T
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Figure 7.9 Electrotaxis of Oomycete zoospores to plant roots. The direction of
swimming of zoospores placed in an electrical field was found to vary between species,
with Pythium aphanidermatum zoospores moving towards the cathode and Phytophthora

palmivora towards the anode. Plant roots bear a small electrical charge on their surface,
normally positive, but changin egative In parts of the root that are damaged. In an
experiment o te role of electrotaxis 1 raction of zoospores to plant roots,

damaged roots were placed in suspensions of zoospores of either Pythium or
Phytophthora. P*thium ssores “A! were differentially attracted to the negatively charged

damaged area whereas topht ZOOSpPO aggregated all over the positively
charged intact parts of the root. (Redrawn from Morris, B. M. & Gow, N. A. R. (1993).

Phytopathology 83, 877-882.)




O SUB-PROCESSO “PRE-PENETRACAQ”

B) Tropismo — crescimento direcionado do patogeno na superficie
do hospedeiro

- Resposta de tubos germinativos e hifas de fungos filamentosos.

Quimiotropismo — crescimento em resposta a um estimulo quimico

Figura 15.2 Movinento orientado de zoosporos de Plasmovira viticole em diregio wo estonnito, em
h’“ sl q.,nndqu siti uhsubul lhudc vulum(nc rerminacio oricntada de zo6spoigs
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Zoosporos de Phytophthora sojae encistados e
penetrando em raiz (Agrios, 2005)



ESTIMULOS PARA AS RESPOSTAS DE
MOVIMENTO OU CRESCIMENTO

» Substancias quimicas — quimiotropismo/ guimiotatismo

» Cargas elétricas — eletrotropismo/ eletrotatismo

» Topografia de uma superficie - tigmotropismo

> Agua — hidrotropismo/ hidrotatismo

» Luz - fototropismo/ fototatismo



ESTIMULOS PARA AS RESPOSTAS DE
MOVIMENTO OU CRESCIMENTO

» Substancias quimicas — quimiotropismo/ guimiotatismo

» Cargas elétricas — eletrotropismo/ eletrotatismo

» Topografia de uma superficie - tigmotropismo

> Agua — hidrotropismo/ hidrotatismo

» Luz - fototropismo/ fototatismo

MAIS COMUNS NA FASE DE PRE-PENETRACAO

» Quimiotatismo - patogenos veiculados pelo solo

» Tigmotropismo — patdgenos de parte aerea




ADESAO

Esporo x Chance (Hospedeiro)

» Fixacdo — mecanismos através dos quais os propagulos fungicos
ficam presos na superficie do hospedeiro (Ex. tricomas).




ADESAO

» Adesao — mecanismo mais refinado, requerendo a presenca de
materias adesivos ou alteracOes da cuticula pelo fungo, para a
retencao dos propagulos fungicos na superficie do hospedeiro.

(b)

Vacuole_ g K

: Stachel

L & Adhesorium

Host call wall

Fig. 6.6 (a) Electron micrograp!

Hostcell wall &
At
UL

penetration site, (From Wilhiams

al. 1973.)




Mucilagem, matriz, envelopes, substancias de ligacao

Material adesivo — mistura de:
-Polissacarideos
- Glicoproteinas
- Polimeros hexoaminas
- Material fibrilar

l Molhado

Visguento (pegajoso)
!

Propagulo fica aderido ao hospedeiro




Tubo
germinativo

“A presenga de mucilagens € fregllentemente
associada com apressorios”

Alteracgdes cuticula — “Impressdes cuticulares” / “Erosdo”

!,wlw\o
'tl“
Cr u‘ﬂﬂ (4‘0’
Mﬂ

15 "‘J\sw\vgd’ da "
gm0 (e egicstiear

€ CUTINASES)

“Adesdo pode ser um processo ativo requerendo estimulos
especificos do hospedeiro”

Material
adesivo

Colletotrichum graminicola




0s

0s, (c) 5 horas ap

(b) 3 horas ap

e (d) 8 horas apos.

ao

0s a inocu

7

Esporos de Stagonospora nodorum (mancha da gluma) aderidos em folha de
lag

trigo (a) imediatamente ap
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Mucilagem

Magnaporthe grisea
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Glicocalice - Camada de material viscoso

(polissacarideos / polipeptideos) que circunda algumas

células bacterianas.

- Classificado como:

Cépsula — organizado de maneira definida /
acoplado firmemente a parede celular

Camada limosa — desorganizado / acoplado

Bactérias

frouxamente a parede celular (soluvel em agua)

- Fung¢do — aderéncia / prote¢do contra dessecamento /

- Adesao reservatorio de nutrientes

Representacdo esquematica da estrutura geral de uma célula bacteriana

Streptococcus mutans - usa a
glicana (polimero de glicose)
presente na capsula para aderir na
superficie do dente e causar carie.
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MEV de \_ fastldlosaem xilema de Iaranjelra

Eduardo Alves - NAP/MEPA, 2001



Germinacao

“O esporo fungico ¢ geralmente um propagulo unicelular, algumas vezes
multicelular, com uma baixa taxa de metabolismo.”
5

Germinagdo esporo

Estado Estado
vegetativo repouso
(micélio) (esporo)
(vulneravel)

Esporulagdo

Ciclo de vida - fungos




Germinacao

“O esporo fungico ¢ geralmente um propagulo unicelular, algumas vezes
multicelular, com uma baixa taxa de metabolismo.”
5

Germinagdo esporo

Estado Estado
vegetativo repouso
(micélio) (esporo)
(vulneravel)

Esporulagdo

Ciclo de vida - fungos

Alteracdes fisiolégicas

Retorno ao

Alteracdes morfolbgicas metabolismo

ativo

Emergéncia de uma estrutura
vegetativa a partir do esporo (tubo
vegetativo)




Germinacao — condicoes

“ De maneira geral, os esporos tem controle sobre os seus destinos”

Germinacao — estagqios

|. Inicio da germinacéo

. Crescimento esférico

[11. Emergéncia do tubo germinativo




l. Inicio da germinacao

Entre a esporulacéo e o inicio da germinacao o esporo esta em
um estado quiescente (denominado de periodo de dorméncia)

l

- Este periodo pode durar horas até anos
- Durante a dorméncia, mudancas morfologicas ndo ocorrem
e a taxa metabdlica é baixa

P

Dormeéncia exdgena Dorméncia endogena
(ambiental) (constitutiva)




l. Inicio da germinacéao

> Dorméncia exogena (ambiental)

- Falta de ambiente adequado para a germinacao. (Ex. temperatura inadequada
Ou nutrientes essenciais em falta).

- E provavel que o momento e o local de germinacio dos esporos de dispersio
seja frequentemente controlado por este tipo de dorméncia.

“E comum fungos produzirem inibidores volateis para impedir que seus
competidores ao redor tenham esporos germinados™



Temperature optima for germination and growth of fungi
for which the optima differ

Optimum (°C)

Plasmodiophora brassicae

Peronospora schachtii Sporangium
P. parasitica Sporangium
P. sinaciae Sporangium
Rhizopus delamar Zygospore
Valsa japonica Ascospore
Pseudopeziza ribis Ascospore
Urocystis occulta Spore
Ustilago hordei ' Teliospore
Botrytis fabae Conidium
Ceratophorum setosum Conidium
Coniothyrium pirinum Conidium
Alternaria brassicae Conidium




l. Inicio da germinacéao

» Dorméncia endogena (constitutiva)

- Depende de caracteristicas estruturais ou metabolicas do esporo e pode requerer
condicOes especificas ou incomuns para 0 seu término

- Pode evitar a germinacéo de esporos de sobrevivéncia em condicdes que
parecam ser favoraveis para a germinacao

Nutrient Status Spore Type Germination Medium Dormancy Type

Insufficient Conidia Carbon and/or
Sporangiospores nitrogen source

Self-sufficient Zoospores Distilled water

Oospores or inorganic
Ascospores salt solutions
Lygospores

Uredospores

Basidiospores

*Note: Exceptions are likely.




Characteristics of fungal spores - germination

Spore

Characteristics

Life Cycle
Role

Classes

Zoospore

Oospore
Sporangiospore
Zygospore

Conidium

Ascospore

Basidiospore

Teliospore

Urediniospore

Aeciospore

Wall-less, one-celled,
flagellated

Thick-walled, one-celled,
r germinaton |
Thin-walled, one-celled,

L&EIJ Ecnmnanog]
Thick-walled, one-celled,
*
Thin-walled, one- to many-

celled, usually rapid
germination —

Thick- or thin-walled, one-
to several-celled,

| germination various I

Thin-walled, one-celled,
|raE|d germination|

Thick-walled, one- or two-
celled, form basidia, not
mycelia on germination

Thin-walled, one-celled

rapid germi ‘_
Thin-walled, one-celled,

| !ggld germmation |

Asexual or
meiotic®

Zygotes

Asexual or
meiotic®

Zygotes

Asexual

Meiotic

Meiotic

Zygotes

Asexual

Asexual

Chytridiomycetes
Oomycetes
Hyphochytridiomycetes
Oomycetes
Zygomycetes
Zygomycetes
Ascomycetes
Basidiomycetes
Deuteromycetes
Ascomycetes

Basidiomycetes

Basidiomycetes

Basidiomycetes

Basidiomycetes

*Zoospores are produced in sporangia and may also be thought of as sporangiospores. Some sporangia
are sites of meiosis, and the spores produced are therefore meiotic.
Spores produced in germ sporangia from zygospores are meiotic.




l. Inicio da germinacéao

> Auto-inibidores (Self-inhibitors)

- Evitam que os esporos germinem todos de uma vez em uma mesma condicao

- Exemplo - Colletotrichum graminicola produz micosporina-alanina e acido

acético

B |
OCH, o
Lavagem
o
O l
OCH,
2 Remocao do

inibidor

FlgureA4.17 Selt-mhlbitors'of f:rm.inati‘on,. yvhich prevent spores germnating when
overcrowded. amic erivatives inhibit germ-tube emergence in rust uredospores.

The inhibitor Tor bean rust (Uromyces phaseoli) is methyl cis-3,4-dimethyoxycinnamate
(R = —OCHS3) and for wheat stem rust (Puccinia tritici graminis) is methyl cis-ferulate

(R =_—QH?. B, A B-ionone derivative, quiesone, inhibits protein synthesis and hence
germination in comdia of tobacco downy mildew, Peronospora tabacina.




|. Inicio da germinacao

» Ativacao (quebra da dormécia)

Ativacio (quebra da dorméncia)
- Temperaturas — entre 27 °C € 95 °C (5 min a 30 hr)

- Quimicos — alguns servem como agente umectante

Table 4. Chemical Activators of Fungal Spores [43]
Fungi Activator

Myxomycetes Detergents

Colletotrichum trifolii Tween-20 (a detergent)

Phycomyces blakesleeanus Organic acids (acetic, propionic, butyric)

Penicillium frequentans Ethanol, acetone

Neurospora spp. ascospores Low concentrations: furans, thiophenes,
pyrrole, aromatic alcohols

High concentrations: cthanol, acetone, other

organic solvents

Coprinus radiatus Furfural and other heterocyclic compounds,
but heat essential for maximal germination

Anthracoidia spp. Detergents




Survival and germination of funqgal sclerodia under natural conditions

Constitutive dormancy

Sclerotia GRS LA

‘

EExogenous dormancy
s e ) = ) e Y

Germination under
favourable
conditions

Factors affecting
survival
Aeration
Moisture
Temperature

pH

Parasites

Fruit-body
(e.g. Claviceps)
Spores
. (e.g. Botrytis)
\ Hyphae
(e.g. Rhizoctonia)

Viable population

Populacéo inicial diminui devido aos efeitos de diferentes fatores externos

Inicialmente, a germinacgao é evitada por (auto-inibidores,
permeabilidade - barreiras)

Apos os fatores constitutivos serem ultrapassados, existe a necessidade de uma
combinacao favoravel de fatores exdgenos




Exudam
Raizes de cebola compostos com
¢ espécies de aroma
Allium sp (alkyl-cysteine
sulphoxides)

v
A presenca desses =

Sinais especificos do compostos no solo Microrganismos do solo

i transformam em
ir m representa uma z .
hospedeiro pode P mistura de alkyltriols e

sulphides

auxiliar na quebra da “Assinatura Biogquimica”
dorméncia

(patégeno apto a detectar a
presenca do hospedeiro)

Esses compostos induzem a
germinacio de esclerédios
dormentes do fungo
Sclerotium cepivorum
(Podridido branca da cebola)




Monosaccharides
l (glucose, etc)

/ 3C-7C Sugars \
Aromatic En er
S

£ TR i

Secondary .

3-Carbon ccmpounds

I. IN |,C | O [DYAY GERM | NA AO etabaties (glyce; }dehyde-PO,, dihydroxyacetone-

A
Glycerol l

i rd
Alteracdes Metabodlicas \.

& ‘L

Fatty 4————— Malonyl- «—f—— Acetyi-coenzyme A — Mevalonate —# cCarotenoids
acids CoA Sterols

Secondary
metabolites

JAmino acids

Secondary

metabolites /"‘\\

aloacetate Citrate

Secondary Tricarboxylic
metabolites acid cycle

Overview of the basic metabolic pathways of fungi, showing how the main energy-
yielding pathways provide the precursors for products used in growth and biosynthesis




I. INICIO DA GERMINACAO

Alteracoes Metabdlicas

' Activation Tzr'nperature (C)

Figure 4. Effect of heat activation of Neurospora
tetrasperma ascospores at different temperatures on
subsequent germination at room temperature. Re-
drawn from the data of Goddard [72].

germ tube
emergence

=
3
£
8
5
8

2
Time (h)
Figure 6. Oxygen consumption of activated and dor-

mant ascospores of Neurospora tetrasperma. Drawn
from the data of Goddard and Smith [74].

“Sharp transition” — sugere mudancas conformacionais (proteinas, lipideos)




. INICIO DA GERMINACAO

AlteracOes Metabdlicas

Figure 5. Concentrations of representative metabolites after activation of the ascospores

of Neurospora crassa, based on those in unactivated, dormant spores equal to 100%.

Drawn from the data of Eilers [73].




1. Crescimento esférico

“Esporos do tipo conidio e esporangiosporo iniciam o
desenvolvimento vegetativo pelo crescimento em grandes

células esféricas”

Crescimento

{ +

@ —

Baixa taxa \
metabolica

Embebicao

Metabolismo
ativo




Table 2. Water Contents of Some Fungal Spores [14-16]

Water Content
(% Fresh Weight)

E. graminis grown in humid air

E. cichoracearum grown in room air

E. cichoracearum grown in humid air
Dry spores — 6% a Penicillium expansum
25% water content P. italicum

P. digitatum

Aspergillus niger
Wet spores — 52% a A.pneiger diﬂ'frent investigator)
/5% water content Alternaria tensis

Botrytis allii

B. fabae

B. cinerea

Monilinia fructicola

Neurospora crassa

Venturia inaequalis

Peronospora destructor

Rhizopus nigricans

Uromyces phaseoli

Agua no esporo na forma de “agua higroscépica” (ndo atuando como solvente)




lll. Emergéncia do tubo germinativo

Sintese da parede

Vesiculas

Esporo “Polarizagao” Tubo germinativo
(Lipideos, carboidratos)

“Processo irreversivel”




Electron micrographs of thin sections of germinating spores

Germ-tube

Germ-tube

Germ-tube

Cercosporidium personatum - conidia

A B

Figure 4,19 Electron micrographs of thin sections of germinating spores[A)Germinating multiseptate conidia
of the mitosporic fungus Cercosporidium personatiint, with ger.n].-tulw.s emerging from ends of spores, with
their walls continuous with those of the parent spores(B) Germinating ascospores of L)aldmzﬁ-; »u)—’—“_f'i;n.u_d
with their thin cell walls continuous with the innermost layer of the cn‘r-npk‘x spore wall. The densely stained
thick outer wall has been ruptured during germination. Note the nucleus migrating into the &{c;'xn‘»[:th, In

both species, note the numerous translucent lipid droplets. (A from C. W. Mims; B from A. Beckett.) Scale
bars represent 2 pm.




Diagrammatic representation of the organization of
wall growth at the hyphal tip

Increasing wall cross-linking
decreasing actin cytoskeleton

Fig. 3._3 Diagrammatic representation of the thought to provide structural support where the wall is
orgamz.atfon of wall grpwxh at the hyphal tip. Only haif thinnest and where there is little or no cross-linking of
of the tip is shown. Vesicles (V) derived from a Golgi body wall polymers. Behind the extreme tip the wall is

(G) are tr'ansported to the apex, perhaps by microtubule progressively rigidified by cross-linking of wall polymers.
(M) mediated systems. The actin meshwork at the apex is




Hypothetical representation of unit wall synthesis in hyphal tip growth

Wall expanded and rebuil

plasma membrane
]

{ ’ v
W11 weall /
COil wall

Fig.' 1.6 Hypothetical representation of unit wall synthesis in hyphal tip growth.
Vesicles transport wall polymers, precursor compounds and lytic enzymes to the
apical dome where wall synthesis occurs (adapted from Bartnicki-Garcia, 1973).




.+ Amorphous component < Woll- lysing enzymes
7/ Wicrofibrils o Woll- Synthesizing enZymes

Fig. 1.8 Hypothetical representation of the events leading up 10 3 unit of cell wall
growth. (After Bartnicki-Garcia, 1973 ) —
am——0




Video

Crescimento hifa

https://www.youtube.com/watch?v=i19T727tz7FA



https://www.youtube.com/watch?v=i9T727tz7FA

Botrytis cinerea — germinacéao do esporo

e A — g P

Figure 13.3: Electron micrographs, together with a diagram (all by kind be',rc on of K. Gull
(@)

and A.RJ, Trinci), showing the course of spore germination in Bolrytis tinere Dormant

conidium showing two-layered spore wall.([B) Conidium after 4 h incubation i ient medium; a

new layer is seen near the abscission scaf Nearmadian section of an incipient germ tube after
i Slag swiy emerged germ tube showing new

10 hin the nutrient medium oy ag ey e
wall layers, which can also be seen in the other spofe Two fully germinated spores shp
ion of the spore and germ tube] (

the septum at the base of the germ tube and the vacuo
Schematic representation of the changes in wall structure dufing germination: (i) dormant
conidium; (ii) swollen conidium 4-6 h after inoculation: (ifi) conidium with germ tube approximately
10 h after inocutation.

(a), (b), {c) and (e zfixation; (d) glutaraldehyde-fixation.
ew wall formed during germinati
[SB))storage t._\_odyacuole.

spore
(septum)



Hidrofobinas

- Proteinas secretadas pelos
fungos (1996) — produto de
genes altamente expressos
durante a diferenciacéo

- Possuem em torno de 100
a.a. (sendo 8 residuos

cisteina — padrao permite
dobras para gerar
“hydrophobic domains”)

- Soluveis em agua

- Auxiliam na adesao da hifa

- Hifas aéreas — contrapor a
tensao superficial

FEEEE ORGSO ITEGEIIIIEI b rrrin ¥
T R et L bl Pl




Formacao do apressorio

“Apressorio — extremidade globosa (intumescida)

de uma hifa ou tubo germinativo, a qual facilita a
adesao e a penetracao do hospedeiro pelo fungo”




Formacao de apressorio

Quimiodiferenciacao — diferenciacao da estrutura
mediada por compostos quimicos.

-

et Wb o, o TR %
i e ey SO N SR GG - .



Tigmodiferenciacao

Diferenciacao da
estrutura mediada
pela topografia do

substrato

Puccinia hordei em cevada




Formacao de
apressorio em
Magnaporthe grisea

.3 Early infection stages of the rice blast fungus,

enaporthe grisea. (a) Comdium with apical droplet of
gnay 4 3
spore tip mucilage (x2900). (b) Conidium attached to

substrate by adhesion of spore tip mucils

Germination of conidia and early stage

re (> )0). (¢)

s of appressorium

development, seen as swelling of germ tube apex (
(x1100).

appressorium attached to colls

entre
and lower rig lobose, d

1 tube and
conidium. A septum separates the appressorium from the

germ tube (x3000). (e)

mants of appressorium attac
to a polyethylene surface. The upper part of the cell has
been removed by sonication. What remains is the
appressorial pore, with the dent made by mechanica
of the penetration peg clearly visible, and part of tl

smooth surrounding wall, composed of melanin. Note t

lo of extracellular matrix material around the attac

site (15 500). {(a, d & ¢, From Braun & Howard 1994;

¢, from Howard 1994.)




Formacao de apressorio em Magnaphorte grisea

X

Aumento da pressao intracelular

A parede celular € melanizada
e rigida

Lipideos / carboidratos
metabolizados no esporo para
produzir 3,2 M de glicerol no
interior do apressorio

Alta pressdo leva a entrada de
agua (pressao hidrostatica de 8
MPa = 40 x a pressao de um
pneu de carro)

ained in a smaller volume within th

ed. Scale bars, 20 um. (Reproduced wiatl

k. B. I.. Smirnoff, N. & Talbot, N. |. (1997) Nature 3!




Video

Germinacao e formacao de apressorio — Magnaporthe grisea

https://www.youtube.com/watch?v=v7dabbC-euQ



https://www.youtube.com/watch?v=v7da6bC-euQ

Direct with aapressorm (A),
penetration peg (PP),and
intracellular mycehum (IM)

Direct, intercellular mycelium Direct, intercellulor mycelium with houstoria
Guttation
water
Penetration
through

naturol
openings

PENETRACAO

Tnrough notural crocks belween Fungus kills and macerates cells
Through wounds 1+ cin and laterai roots ahead of its odvonce

FIGURE 2-4 Methods of penetration and invasion by fungi.

e Bacterio in nectar ond
Through hydathode through nectarthode

FIGURE 2-5 Methods of penetration and invasion by bacteria.




PENETRACAO

> Forga Figure 13.1 Scanning electron microscopy of the
o germination and development of a conidium (spore)
mecanica of the fungal rice pathogen Magnaporthe grisea on
an artificial membrane of Mylar. (a) The conidium (C)
has germinated to give rise to a JEMM tbe (GT)
and an appressorium (A). The conidium and the
> Processo germ tube have collapsed. The appressorium, a
Y specialized penetration structure, is highly turgid,
qU IMICO single-celled and is completely separated from the

TmMAt germ tube by a septum (R.]. Howard and
(enZImatICO) N.D. Read, unpublished micrograph). (B The

appressorium has been ruptured by sonicarion

near the plane of attachment ro the Mylar
membrane. The upper and lower portions of the
appressorium have scparated revealing rthe
underlying surface. Driven by an extremely high
turgor pressure, the penctration peg, which arose
from the appressorium, has created a hole (arrow) in
the Mylar substratum. (Reprinted with permission
from Howard ef al., 1991.)




Peg de penetracao




Fig. 3.3 Electron micrographs of the ascomycete Magnaporthe grisea which
causes rice blast disease. (a) Scanning electron micrograph showing a mature
appressorium (A) and conidium (C). Bar represents 5 uwm. (b) Transmission elec-

tron micrograph (in vitro) showing penetration peg (P) extending into %
%ubstrate. Appressorium (A) closely adhered to the substra

p mucila (M). Penetration peg has arisen from new inner wall layers overlying
the appressorium pore (arrowed). probing with wheat germ agglutinin-colloidal
gold showed the chitinous wall was not uniformly labelled. Bar represents 1

pm. Reproduced from Howard et al. (1990), courtesy of Prof. R. J. Howard and
Springer-Verlag.




Extracellular matrix ]
Apprassorium
Maelanin layer
Chitin layer
O-ring
Penetration hypha
Pore-wall overlay

/

Melanin layer
Gemm tube

Conidium

Primary hypha

Septum

Figure 1. (a) Infection structures of Uromyces viciae-fabae. (b) Infection structures of Magnaporthe grisea
(courtesy Dr R. ). Howsrd). (¢) Infection structures of Colletotrichum lindemuthianum (courtesy Dr R.J.
O'Connell). (The drawings are not to scale).




Haustorio

“Estrutura ramificada ou nédo, especializada na
absorcao de nutrientes a partir do citoplasma da
célula do hospedeiro”

germ tube

appressorium

=
——— infection
peg




spore appressorium

eprdermal cell
haustorium

haustorial lobe epidermal cell wall

Fig. 3.10 Diagram to show Erysiphe haustorium in an epidermal cell.

FUNCAL HYI'HA
FUNGCAL PLASMA MEMBRANE

FUNCAL CELL WALL

PLANTCELL WALL NECK BANDS

FERFORATED SEPTUM
]} HAUSTORIAL NECK
host ccll plasma membrane 7
ATTase active —uo | A~ — ‘..j..___4
i
-
/J
ho n membrane
“I::A'::'?i:‘:ﬂivity s ; FHAUSTORIAL BODY
=V
L]
: %
haustorial plasma membrane L /
ATlasc active ——" | ———— — ol e e e e
ey : - ; _ ATH v S TONOPLAST
Y ZZqo 7 72 777X 7 7P TP IORPT 77 HOST CELL VACUOLE

HOST CELL EXTRAHAUSTORIAL MEMBRANE
RAN thickened and invaginated
i . EXTRAHAUSTORIAL extension of host cclfnmwbranr
MATRIX )

HOST CELL CYTOPLASM
photosvnthate from apoplast
HAUSTORIAL WALL

Fig. 3.13 Diagram of Erysiphe haustorium in an epidermal cell to show the major structural features and to indicate the
probable route of solute transport into the fu

ngal hypha (adapted from an unpublished drawing by Dr G. N, Greenhalgh, with
permission).




Fig. 6.8 The structure of haustor:a. {a) Scanning electron
micrograph of coffee leaf tissue infected by rust, Hemileia
vastatrix, The tissue has been frozen and fractured to reveal
a haustorium (H) within a mesophyll cell. Note a slight
swelling {arrow) in the haustorial neck ar the position of the

Haustorial mother cell

Host
plasma

membrane ’ \ Neck band

Haustorial :
wall _Extrahaustoria

membrane

Haustorial
body

)
v Extrahaustorial

plasma matrix

membrane

neck band, and the haustorial mother cell (HMC} external
to the penecrated host cell (x5000). { tesy of Rosemarie
Honneger.) {b) Diagrammatic interpretation of haustorial
structure, showing the main interfacial components,




Haustorio







