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Infeccao

Legenda

S=esporo

GT=tubo germinativo
A=apressorio

PE=peg de penetracéo
IH=nhifa de infeccao
HM=célula mé&e do haustorio
H=haustorio

* pré-penetra(;éo adesao/ movimento / germinagéo/ crescimento

* penetracao aberturas / ferimentos / direta

* relacOes parasitarias estaveis



I N feC (;5.0 (Agrios, 2005; Trigiano et al., 2004)
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Pré-penetracdao | Penetragdo Relagoes Colonizacao
parasitarias

estaveis
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Cycle seccen D’ Arcy, 2006; Amorim & Pascholati, 2011

:Eoberts & Boothroyj‘,
1972; Gonzalez, 1976

FIGURE 2-2 Stages in development of a disease cycle and an in- I N FEc cno
E Strobel & Mathre, 1970; Agrios, 1988; 1997 a

“Infection is the process by which pathogens establish contact with susceptible cells
of the host and procure nutrients from them. During infection pathogens grow,
multiple, colonize and reproduces...” (Agrios, 1997).




Infeccao

“Infection is the
process by which
pathogens
establish contact
with susceptible
cells of the host
and procure
nutrients from
them. Following
infection
pathogens
grow...” (Agrios,
2005).
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FIGURE 2-2 Stages in development of a disease cycle.

The steps of a disease cycle are inoculation, penetration, infection,
invasion, reproduction and dissemination (Trigiano, R.N.; Windham, M.T.;
Windham, A.S., 2004)



Pré-penetragao

adesao/ movimento
germinacao/crescimento




Pre-penetracao -

Figure 1. LTSEM Micrographs of Uredospores of U vicise-fabae ing

(A) Dry uredospore, immediately after contact with the surface of a broad bean leaf (x2900).

(B) Uradospore on the leaf surface misted with water and incubated at high humidity for 1 he. Note the presence of a material that stretches
between echinulations on the spore surtace (x3000).

(C) Uredospore misted with water, incubated at high humidity, and sub: tly dried at ambient room conditions for 20 min. Note that the mate-
rial that accumulated between the spore and the leaf surface (arrow) is still visible (x4280)

(D) Spores treated as in (C). Note the presence of a material that appears 10 connect two adjacent spores (x 3300)

(E) Sample troated as indicated in (C) except that a spore was removed from the leal surface with an adhesive tape revealing that an adhesion
pad remains attached to the leaf surface (x4000).

(F) Autoctaved uredospore treatad as in (C) also exhibits the presence of an adhesion pad. Note the presence of a material between the spore
and the underlying leaf surface (x2680).

adesao a superficie

Adesé&o de Uromyces viciae-fabae em
superficies diversas: formacéo passiva de
substancia adesiva apos hidratacéo (esquerda)
e presenca de esterases apenas em esporos
viaveis (direita, Deising et al., 1992)

E Activity.

(A) Unwashed, native uredospore. Arrows indicate crystals of indigo blue that are present on the uredospore surface,

(B) Esterase activity of uredospore washed 1o remove surtace-bound esterases. Nots the absence of crysials of Indigo blue on the spore surface.
(C) Autoctaved uredospore completely lacking indigo biue crystals.

(D) Uredospore removed from the gelatin surface to expose underlying crystals of indigo blue (arrow),

Surface-locallzed esterase activity was shown using indoxyl acelate as substrate as described In Methods and photographed by bright-field mi-
croscopy. Note that in both (A) and (B) crystals are present in fat bodies within the spores. Bars = 10 um.

Figure 3. + D of Surface-L




Pré-penetracao - adeséo a superficie

Ny %4 = . P NE A "

Fig. 2. Light (a and b) and clectron (c and d) micrographs of M. grisea conidia before (c) and after (a, b,
and d) hydration. (@ and b) The same FITC-Con A-labeled conidium imaged with differential
interference contrast optics and epi-fluorescence, respectively; scale bar, 5 um. (€) A dry conidium apex
contains a deposit outside the plasma membrane (pm). (d) When hydrated, the cell wall (cw) is broken o I

at the apex and an extracellular fibrous matrix is released; scale bar, 1 um. For light microscopy conidia Adesao paSSIVa de
were harvested in an aqueous suspension of FITC-Con A (1 pg/ml; Sigma) and viewed immediately. I
Electron microscope specimens were prepared by freeze substitution (13). Magnaporthe grlsea‘

Substancia lipo-protéica

“Apical attachment of the pyriform conidia produced by M. grisea allows them to resist the flow of water,
and as water is essential for later stages of development in this fungus, this may be a useful adaptive
mechanism to maintain water droplets around the attached conidium . Although similar mechanisms of
spore attachment are likely to be widespread among pathogenic fungi, conidium attachment by the barley
powdery mildew pathogen Blumeria graminis f. sp. hordei and many other powdery mildews differs
markedly from the situation in M. grisea. “ (Sara L. Tucker and Nicholas J. Talbot, 2001)



Pre-penetracao - adeséo a superficie

Morphogenesis of the powdery mildew fungus in water 149

Normal Abormal
appressoria appressoria
20-30%

Inoculation

A

T W%/Za -

Immersed
coleoptile

Normal Abormal

. appressoria appressoria
Inoculation 60_70%

Immersed Removal Immerged
coleoptile of water coleoptile

Fi1c. 2. Inoculation of Erysiphe graminis conidia onto the barley coleoptile surface without (A) or
with (B) a water treatment for 20 min prior to inoculation and immersion in water. The
percentage shows the frequency of normal or abnormal appressorium development in water.

Yamaoka & Takeushi (1999)




Pre-penetracao - adeséo a superficie

Carver et al. (1999)
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Fig. 9. Low angle, low temperature SEM images of Blumeria graminis conidia incubated on barley leaf surfaces with hydrophobic waxes
o r o ¢ b J

in place. No ECM could be seen at the interface of conidia with the leaf surface. A and B, 60 min after inoculation. Arrows in B point

to conidial surface projections that extend outward from the conidium (left of figure) to wax platelets on the surface of the leaf (right of

figure). C and D, 12 h after inoculation. A = appressorium, pgt = primary germ tube.




Pre-penetracao - auto-inibidores de

Germination(%)

.2
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0.01 0.1 1.0
Numbers of spores (106 /ml)

Fig. 1 Relation between germination percentage and spore density of
Colletotrichum gloeosporioides f. sp. jussiaea.
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Fig. 3. Chemical structures of germination self-inhibitors from Colle-
totrichum gloeosporioides f. sp. jussiaea.

germinacao

Table 1. Effect of washing on germination of crowded conidia

Germination (%)
Conc.: 5 x 10° conidia/ml

Treatment

Nonwashed 56
Washed 1 x 74
Washed 2 x 88

Table 4. Content of CG-SI 1 and 2 and detection of CG-SI 3 in cultures
of various anthracnose fungi

Anthracnose fungus CG-SI1* CG-SI2* CG-SI3®

Colletotrichum gloeosporioides 149 pg 63 pg ++
f. sp. jussiaea

C. gloeosporivides £ =
f. sp. aeschnomene

C. gloeosporioides isolate 7696

C. malvarum

C. graminicola

C. dematium

C. fragariae

C. lagenarium

C. lindemuthianum IFO 5260

Glomerella cingulata IFO 6445

G. cingulata IFO 7478

G. fructigena IFO 5951

G. gossypii IFO 6181

G. glycines IFO 7384

G. tucumanensis IFO 7395

G. fusarioides IFO 8831

 Quantitative analyse were performed by HPLC-UV detection,

b Spots on TLC—plates were detected with the van Urk-Salkowsky rea-
gent.

¢ «_» indicates below limit of detection (ca. 0.1 pg for CG SI-1 and CG
S1-2).

(Tsurushima et al., 1995)




Pre-penetracao - auto-inibidores de
germinacao

Table 2. Inhibitory activity of CG-SI 1 and 2 against conidial germina-
tion of various fungi

Germination (%)*

Conc. (pg/ml)
Fungus Sample 10 3 1 0

Colletotrichum gloeosporioides f. sp. CG-SI 1 40 81 82
jussiaea CG-S12 68 80 82
C. gloeosporioides f. sp. CG-SI'1 46 80 80
aeschnomene CG-S12 62 81 80
C. gloeosporioides isolate 7696 CG-SI'1 47 83 8l
CG-SI12 65 79 81

C. malvarum CG-SI'1 60 84 8l
CG-SI12 14 79 82 38l

C. graminicola CG-SI1 9 94 96 95
CG-SI2 96 96 96 95

C. dematium CG-SI1 88 90 90 88
CG-SI2 87 84 85 88

C. fragariae CG-SI1 0 48 80 82
CG-SI2 0 60 82 82

C. lagenarium CG-SI1 13 64 95 95
CG-SI2 92 97 94 095

Cochliobolus miyabeanus CG-SI1 32 80 92 93
CG-SI2 85 91 90 93

Cochliobolus sativus CG-SI1 32 76 89 88
CG-SI2 80 89 89 88

Fusarium oxysporum f. sp. CG-SI1 3 65 91 94
cucumerinum CG-SI2 12 91 93 94

————————————————————

 Germination percentages were measured by the microscope slide assay.

TABLE 1. Effc washing the conidia of Sfructicela on germi-
nation and appn i 0n a polyst) 2

Conidial germination ~ Ap ia formed by

Treatments

Sb
4b
ib

ation was added
i

(Lee & Bostok, 2006)

(Tsurushima et al., 1995)



Pré-penetracao

Movimentacao direcionada — @ Tatismo Respostas positivas

ou negativas de um
organismo (ou parte

] dele) a um estimulo
Tropismo

fungos
bactérias
nematoides

tatismo de
zoosporos de
Plasmopara viticola



Estimulo

substancias quimicas

cargas elétricas

topografia do hospedeiro —

agua

Resposta

quimiotropismo
quimiotatismo

eletrotropismo
eletrotatismo

tigmotropismo

hidrotropismo
hidrotatismo

fototropismo
fototatismo




Pre-
enetracao

Quimiotatismo
em nematoides

Prestoma——_ 8
Inner Labial Sensilla -

Medial Lip —
~—-—Cephanc Sensilla
Amphidial Aperature ——/—‘
i —L ateral LlD"
l -Head Region

Labial Disc

-Prestoma
—Inner Labial Sensilla

A
\

Body Annulation

External head morphology of a second-stage juvenile root-knot nematode in A) face and B) lateral views, as

Fig. 4.
revealed by scanning electron microscopy [After Eisenback & Hirschmann (27)].

-

e
RNy Ny A

Fig, 5. Scanning electron micrographs of the head of a second-stage juvenile of Meloidogyne hapla in A) face and
B) lateral views. [After Eisenback & Hirschmann (27)].



Pre-
penetracao

Eletrotatismo
em Pythium

aphanidermatum

Raiz intacta

A - Pythium O min
B - Pythium 10 min
C - Phytophthora 10 min

Raiz ferida (seta branca)

D - Phytophthora O min
E - Phytophthora 10 min

F - Pythium 10 min

(van West et al., 2002)



Fotografia em microscopio eletronico de varredura
de dois tubos germinativos de Puccinia sobre uma
superficie artificial (poliestireno + silicone). As
Tigmotropismo de hifas de ranhuras e saliéncias induzem o crescimento
Puccinia hordei em cevada direcional de tubos germinativos que também tém
uma aparéncia "nose-down" mostrando que eles
percebem e respondem a superficie sobre a qual
crescem (Read et al., 1992).



http://129.215.156.68/publications.html#Ref63
http://129.215.156.68/publications.html#Ref63
http://129.215.156.68/publications.html#Ref63

Pre-penetracao

Uromyces appendiculatus
Formacao de apressorios sobre ranhuras
(setas) de uma superficie artificial




Pre-penetracao e penetracao bacteriana

Bacterial
immigration

Large
aggregate
formation

Habitat
modification

Step 6:
Entry into
internal
spaces

Fig. 1. Model of leaf colonization by phyllobacteria.

Bacterial
division

Microcolony
formation

Habitat
modification
and bacterial
division

Egression

onto the
leaf surface

Phytopathology (1999)




Pre-penetracao e penetracao bacteriana

"QUORUM -SENSING”

Comunicacao entre bactérias pela excrecdo de moléculas de baixo peso
Permite que a bactéria perceba a densidade populacional

Permite que as bactérias ajam em grupo ("seres sociais")

Sobrevivéncia, infeccao e colonizacéao

Low Cell Density | High Cell Density

| 4

L4

Individual Behaviors Group Behaviors




Pre-penetracao e penetracao bacteriana

"QUORUM -SENSING”
Comunicacao entre bactérias para regular coordenadamente a expressao de genes

Presente em Agrobacterium, Erwinia, Xanthomonas, Pseudomonas, Ralstonia...

Low Population density High

harmless type aggressivetype

Signal
molecules

Q5 recaptor Q5 regulated genes Q3 signal-receptor Virulence genes
complex Lipr-reguilated

|

e.Q. biofilm formation, toxin production




Moléculas sinalizadoras e receptoras de quorum sensinqg

Efeito de inibidores de DSF

DSF Family

W X. campestris (DIfUSIbIe Slgnal faCtor)

" coon (DSF) em Erwinia; acima

\)\/\/\/\/\/\ X. fastidiosa inoculagéo com presenca
COol  Lu=DSR de inibidores, abaixo

inoculacéo sem a presenca
de inibidores

/\/\W B. cenocepacia
COOH (BDSF)

Xanthomonas campestris

DSF ﬁ
! J RpfC

RpfF ¢
RpfG
i | .
-di-GMP —{ CI L :
e — f Inibicdo de quorum sensing

é conhecida por
“‘quorum quenching”

Virulence

LaSarre B , and Federle M J Microbiol. Mol. Biol. Rev. 2013;77:73-111




Penetracao

Vias > Direta

Abertura natural

Ferimento\

Agentes

Bactérias

Nematoides




Penetracao direta

Cutin Monomers
trigger expression
of cutinase gene

—_—p

‘.\

Ao~ Cutin
A™A Monomers
-3 .

; Plant Cuticle’

Penetration
(?elli_We%Il : o P P s .of Cuticle.

Cell Lumen I

FIGURE 3-2 Diagrammatic representation of cuticle penetration by a germinating fungus spore. Constitutive cuti-
nase releases a few cutin monomers from the plant cuticle. These trigger expression of the cutinase gene of the fungus,
leading to production of more cutinase(s) which macerates the cuticle and allows penetration by the fungus.

H
i




Penetracao por ferimentos

Patdégenos do Grupo | de Mc New: Penicillium,
Rhizopus, Mucor, etc

agua solucao nutritiva




Penetracao por aberturas naturais

Lenticelas

1. ovério

2. estilete

3. estigma (Ustilago)
4. filamentos

5. anteras



Penetracao por abertura natural
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Zoosporo encistado e
apressorio de L et —
Pseudoperonospora humili G
SP = esporo, GT = tubo germinativo
A = apressorio, ST = estdmato




Penetracao por aberturas naturais e
ferimentos

1. Células
-guarda

Citros com galeria
de larva minadora

2. células subsidiarias



Vias de penetracao
aberturas naturais &
ferimentos

Xanthomonas axonopodis pv. citri em
camara subestomatica de folhas de
grapefruit (Gottwald et al., 2002)

Sintomas de cancro citrico
relacionados a ferimentos por espinhos
(alto) e galeria da larva minadora.



Penetracao por aberturas naturais e
ferimentos
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Davs after inoculation

Fig. 1. Effect of leaf treatment and inoculum concentration on the progress of
disease incidence (% diseased plants) of Asiatic citrus canker in Tahiti lime. Leaf
treatments: intact leaf (IL), mechanically wounded (MW) and infested with various
stages of citrus leaf miner: egg stage (ES), first instar (1), third instar (31) and
pupal stages (PS). Inoculum concentrations of Xanthomonas axonopodis pv_citri
are: 101 (1), 102 (2), 104 (4) and 106 (6) cfu ml1, (Christiano et al., 2007)




Vias de penetracao
aberturas naturais &
ferimentos

Y= 0.08exp{0.56X)

R7=(.99

Fig. 3. The effect of leaf treatment
and inoculum concentration on the
severity (% leaf area infected) of P
Asiatic citrus canker in leaves of oy
Tahiti lime. Leaf treatments are: S
intact leaf (IL), mechanically
wounded (MW) and infested with
various stages of citrus leaf miner:
egg stage (ES), first instar (11), third
instar (31) and pupal stages (PS).

(Christiano et al., 2007)




RelacOes parasitarias estaveis

Chitin deacetylase

Proteases

Acidic cellulases

Pectin methylesterases

Neutral cellulases
| s Polygalacturonate lyase

*—p Aminoacid permease

Uredospore —
Adhesion pad — l _ >

Germ tube ‘

Appressorium

Penetration hypha Infection hypha
Substomatal vesicle Haustorial mother cell Haustorium

Figure4 Concerted differentiation of infection structures and production of enzymes by Uromyces
viciae-fabae. Note that some cell wall-degrading enzymes are already produced during stomatal

penetration. A putative amino acid permease was 1dentified that 1s specifically expressed in haus-
toria (M Hahn and K Mendgen unpublished).

Mendgen et al. (1996)



RelacOes parasitarias estavels

Espago intercelular

“Neckband”
Membrana

extra-haustorial

Membrana do
haustoric

"« Parede do

Matriz 7 haustério

extra-haustorial

¢

Parede celular Membrana plasmatica Citoplasma

HMC = CELULA MAE DO HAUSTORIO Neck band - conten¢&o da matrix
H = HAUSTORIO DE Hemileia vastatrix extrahaustorio



Relacoes
parasitarias
estaveis

A = Colletotrichum
destructivum - caupi (mv =
vesicula multilobulada)

B = C. truncatum - ervilha
(hifa primaria na célula
epidérmica)

C = C. orbiculare - pepino
(hifas primarias se
originando da vesicula)

D = C. malvarum - Sida
spinosa (hifa priméaria se
originando da vesicula)

E = C. lindemuthianum -
feijao (hifa primaria se
originando da vesicula)
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RelacOes parasitarias
estaveis

Sistemas de secrecéo bacterianos
| a VI Gram —

Tipo IV todas as bactérias

Tipo VII Gram +
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Sistema de secrecao tipo lll (needle — principalmente células animais)

O 1pad mic O O spai2 ad7 T Chaperone Effector

Figure 1

Proposed model for Type Il secretion in Shigella flexneri. From left to right, MxiC inhibits the activity of ATPase Spad47, preventing
fiector secretion while allowing transport of needle proteins MxiH, IpaB, IpaC, and IpaD, and molecular ruler protein Spa32. Contact
vith the host riggers insernon of IpaB into the plasma membrane, resulting in IpaC transport and pore formadon. Transmission of a
ignal from the needle tip to the base of the injectisome causes activation of Spa47 and effector secretion into the host cell.
\bbreviations: IM, inner membrane; LPS, lipopolysaccharide; OM, outer membrane; PM, plasma membrane.

Hayes et al., 2010




Sistema de Secrecao tipo |l — comum para transporte de efetores

Principalmente em animal — needle 80 nm Vegetal — pilus ou flagelo 2 um
A B .
Q Effector Filament
proteins
Host cell % =
( - >\\\TTanﬂocon
Hook-
Needle/pilus—"| basal <
body
Needle< Basal
complex body <
Basal< L
body N
e Cring
-
-fing- Export apparatus
Export apparatus
135 system ——— () () Effector T3S system O Virulence
components proteins components factors

Buttner,2012




Infeccao de
Magnaporthe grise

1 Inicio da formacao do
conidiéforo na superficie da folha
de arroz

2 Inicio da formacéo do conidio
3 Conidio em estadio

intermediario, em fase de
expansao

4 Conidio completamente
expandido com gota mucilaginosa
apical, ainda preso ao conidioforo




Infeccao de Magnaporthe grisea

Pre-penetracao

Germinacao de conidios
e estagios iniciais de
formacao de apressorios

Conidio + gota apical Conidio preso ao
de mucilagem substrato por
adesao da mucilagem




Infeccao de Magnaporthe grisea

Pre-penetracao

Germinacao de conidios
e estagios iniciais de
formacao de apressorios

*
« \
\Nucleos

§ - fluorescentes

/

“
Caracuel-Rios & Talbot (2007)




Infeccao de Magnaporthe grisea

Degeneracao

de nucleos do Pen etra(;éo

conidio

Efeito do peg de penetracao em superficie
de polietileno, apds retirada do apressorio

Apressorio maduro, globoso,
preso ao conidio em colapso



Infeccao de
Thielaviopsis
basicola

Infeccao de
pelos radiculares
de fumo por T.

basicola (Hood &
Shew, 1997)




Virus

TEMPQOS DE

AQUISICAO
INOCULACAO
LATENCIA
RETENCAO

TRANSMISSAO NAO-PERSISTENTE

PICADA i
DE PROVA ALIMENTACAO

Accessory
salivary

EPIDERME FLOEMA



Virus e Bactéerias

TRANSMISSAO PERSISTENTE

TEMPQOS DE

AQUISICAO

INOCULACAO
LATENCIA
RETENCAO




