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FIGURE 5-3 Schematic representation of the structure and composition of the
cuticle and cell wall of foliar epidermal cells. [Adapted from Goodman et al. (1967).]
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Apressorio de Magnaporthe grisea

Como pat(')genos preso ao conidio em colapso
atacam plantas? _ T T

Forcas mecanicas

Estilete de um nematoide penetrando a raiz do
hospedeiro.

(Courtesy U. Zunke, NemaPix) Davis & MacGuidwin (2005) Lesion nematode disease
http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/LesionNematode.aspx
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Fungos e Streptomyces scabies
Cutina

Poliester insoluvel (polimero lipidico)

Cutin monomers
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FIGURE 5-5 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 genes of the fungus,
leading to the production of more cutinase(s), which macerates the cuticle and allows penetration by the fungus.



Acidos graxos - mondmeros cutinicos

C16 Acids C1s Acids

CH3(CHz)14COCH CH3(CHz)7CH=CH(CHz);COOH

CH2(CH2)14COOH CHa(CHz)7CH=CH(CH3)7COOH

OH

OH
C,l‘HE(CHE}xiSH{CHz}FCOOH (IDHE{CHE}?CH—CH{CHQ]?COOH
OH  OH OH ©

y=5,6,7,0r8 andx+y=13
CH5(CH2)7CH—CH(CH2)7COOH

OH OH OH

C,¢ origina-se do acido palmitico enquanto que C,4 origina-se do acido oléico ou linoléico
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FIG. 3. Comparison of specific activity of cutinase produced by
parent and mutant strains grown on cutin-containing medium. The
parental strain T-8 and the mutant strain PNB-1 were grown on
medium containing 200 mg of cutin. Enzyme activity was measured
by PNBase (A) or by the hydrolysis of radioactively labeled natural

substrate, [“Clcutin (B).

Fusarium solani f. sp. pisi - ervilha

Isolado T-8 com multiplos genes
produtores de cutinase

Isolado T-30 com baixa producao de
cutinase

Mutante PNB-1 com 1 gene que produz
10 to 20% da cutinase produzida por T-8

T-8 T-30 T-32 PFNE-1 PMB-1

+ +
cullinasa

100

FIG. 7. Effect of cutinase addition on the virulence of the strains.
The pea siem bipassay was used to evalute the virulence of the
strains (see Materials and Methods); where indicated, purified
cutinase was added to inoculum at a final concentration of 1 mg/ml.
The data were analyzed by a chi-square test. The symbol +
indicates that the data were significantly different from the T-8 strain
(F = 0,L05). The symbol * indicates that the data were not signifi-
cantly different from the T-8 strain (P > 0.5).

Dantzig et al., 1986
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MNUtante 77-102 do ISOIadO 77-2-3 Figure 3. Time Course of Lesion Development in Pea Stem Bioassays. )
nao pde uz Cu“nase Shown is the time course of lesion development when spore suspensions of £ 5. pisi isclates T-8 and 77-2-3 and the cutinase gene—disrupted

mutant were inoculated on pea stem segments for the pericds indicated. Spores (105 [@], 104 [O], or 10? [A]) in 5-pL droplets were placed on
each of 15 stems used for each data point.
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Figure 6. Infection of Pea Seedlings by F. s pisi 77-2-3 and Cutinase Gene-Disrupted Mutant 77-102. Rogers et al 1994
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o Fig. 1. Restriction map of the deletions in cloned ped genes used to construct
Fig. 8.3 Separation of a pectolytic enzyme {(endopectate Erwinia chrysomihemt Pel” mutanis, The cloned region of the pel-

containing plasmids, including the location of specific pel genes and the
relevant restriction sites, are shown for pPELT4 and pCS3. Dashed lines
denote the replacement of sequences, These deletion derivatives were used

lyase) from Erwinia by acrylamide gel electrophoresis. The
enzyme has migrated in the gel as a single band. Note that

high enzyme activity coincides with greatest lethal activity to mutate AC4150 to UM 1005 via a series of gene replacements: pJR475
towards potato cells. (Data from Basham & Bateman {AC415000 UMI002), pJ R485 (UM 1002 to UM 1003), pTRS1 (UM 1003 to
1975.) UM I003). Abbreviations: sac, sacBzac R; P, Psil; E, Eco RIS, Sau3A. The

2-bp fragment located in the place of the deleted pel B and pelC sequences
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Table 3. Maceration of potato tuber tissues by Erwinia chrysanthemi
wild-type and Pel” strains

Wet weight (g) of macerated tissue

per inoculation site
Strains Tuber slices* Whole tubers®
AC4150 1.26 £ 0.44 0.196 £ 0.068
UMI005 0.27%0.14 0.003 £ 0.006

*Bacteria were stabbed 4 mm deep into tuber slices with a toothpick.
Macerated tissue was gently scraped out and weighed after 28-hr
incubation. Values represent mean and SD of six slices.

*Bacterial suspensions containing 7.5 X 10* (AC4150) and 5.8 % 10*
(UM1005) colony forming units in 25 ul were injected into whole potato
tubers. Macerated tissuc was weighed after 68-hr anacrobic incubation.
Values represent mean and SD of 11 inoculation sites,

(Ried & Collmer, 1988)



Table 1 Extracellular enzymes produced by Erwintg chrysamhemi

Quorum sensing

Secretion Length

M

Name Activity® Strain® pathway amino acids®™ kd Dig Substrate” Products pHapt References
et Peld|  endo-Pectate yase  |ECI6PB937  Ow 361 431 44 42-46 PGA predominant oligomers: 8.6 9, 43, 102, 130
di-to dodecamers
endo-Pectate lyase Ecu_:.L Ot IFI4+22 W 8.8  PGA predominant oligomers: 8.9-9.5 9, 66, 71, 102
f tri-telramers
endoPectte lyase  [ECI6 Ow 33+22 B 9 PGA predominant oligomers:  8.8-9.5 9, 120, 130
16 -EElra mers
PelD endo-Pectate lyase BiT4 Chat 360 + 318 43 =10 PGA n.d. 9 136
355 + 30
endo-Pectate lvase Chat 363 + 418 45 =10 PGA predominant olipomers: 9 9. 71, 111, 136
dimers
ExoPeh| exo-Polyealaciumonase Ot 577 + 27 67 8.3 PGA dimers 53
EGY Cellulase ™ 309 4+ 22 35 2.8 CMC — 5.5 50
EGZ Cellulase Ot 383 + 42 43 4.3 CMC cellobiose 6.2-7.5 & 20, 51
Pem Peatin methylesterase B374 3937 Ot 342+ 24 37 96-99 Pectin Pectate 59 TG, 99, 100
Pmotease B3T4 Prt 454 + 18 50 Gelatin M, 47
ECIl6 Azrocasein
FriB Protease B3i Prt 465 + 16 53 Celatin kL]
Arocasein
PrC Protease Bi/ Prt 462 + 17 55 CGelatin J6a
Arocasein
P Prote ase BT Pn 460 + 15 52 Gelatin 48
Phospholipase EC16 b 358 39 Ledithin phosphatidyl choline 70
Table 1 Extracellular enzymes produced by Erwinia caroiovora
Secretion Length Mr®
Mame Activity Strain® pathway amino acids® kd pl* Substrate? pHopt References
Pela endo-Peclate lyase EC Out 352 + 12 44 9.4 PGA 8.5 a0
PelB endo-Pectate lyase EC Out Is2 + 12 44 9.4 PGA 8.3 T8
PelC endo-Pectate lyase  SCRI1193 Out 358 + 16 42 10,3 PGA 63
Peh Pol ygal acturonase SCRING3 SCC3193 ECH Ot 36 + 26 42 >10  PGA 5.5 61, 79, 120
CelS Cellulase SCC3193 Ot 232 + 12 27 5.5 CMC 6.8 121
Celv Cellulase SCRING3 Ot 05 + 32 0 4.5 CMC MUC 7 il
Prtl Protemse ECl14 ¥ 347 38 4.8 Celatin 74
PolA  Peciin lyase DE71 ? 270 37 Pectin 2

Barras et al., (1994)
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Cuticle
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FIGURE 1 | Cell wall dynamics during necrotrophs
invasion. (A) Necrotrophic fungi secrete a large
arsenal of cell wall degrading enzymes (CWDES) like
PGs, hemicellulases and cellulases, assisted by PMEs
and Aes in the apoplastic space to degrade cell wall
polymers and facilitate the availability of nutrients.

(Bellincampi et al., 2014)
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Toxinas
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Nao seletivas (inespecificas)

Tabtoxina
Pseudomonas syringae pv. tabact
Dipeptideo toxico apos hidrolise na planta
Atua nas tilacoides - necrose com halo

Faseolotoxina
Pseudomonas syringae pv.
phaseolicola
Tripepetideo toxico apos hidroélise
Crestamento e halo

N

N <//
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FIGURE 3-9 Young tobacce leaf showing spots caused by the bacteriom Psendomonas sy-
vingae py. tabaci. The chlorouce halos surrounding the necrotic white spots are caused by the

tabtoxin produced by the bacrerium.
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Toxinas

tabtoxina

faseolina

FIGURE 5-13 Symptoms caused by nonhost-selective toxins. Early (A) and semiadvanced (B) symptoms of young
tobacco leaves showing spots caused by the bacterium Pseudomonas syringae pv. tabaci. The chlorotic halos sur-
rounding the necrotic white spots are caused by the tabtoxin produced by the bacterium. (C) Leaf spots and halos
caused by the toxin phaseolotoxin produced by the bacterium Psexudomonas phaseolicola, the cause of halo blight of
bean. (D) Leaf spots and chlorosis caused by the Alternaria alternata toxin. [Photographs courtesy of (A, B, and D)
Reynolds Tobacco Co. and (C) Plant Pathology Department, University of Florida.]
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Toxinas I

Alternaria spp. - ampla gama

de toxinas seletivas e nao
seletivas.

A. alternata — toxinas seletivas
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lime)

ACT - Tangerinas

Figure 1: Life cycle of Alternaria
alternata, the causal agent of
citrus brown spot. ACT toxin

produced by the tangerine
pathotype of A. alternata 1s
transported wvia the vascular

system and formation of necrotic
lesions on a detached calamondin
leaf (bottom right).
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Chung (2012)
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Hormonios
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FIGURE 5-17 (A) External and cross-sectional view of crown gall on a rose stem caused by the bacterium Agrobac-
terium tumefaciens. (B) Schematic representation of the structure of Ti plasmid of the bacterium and of the transfer,
integration, and expression of T-DNA in an infected plant that results in the production of crown gall tumors. Genes
A, B, D, and G are needed for tumor formation on any susceptible plant species. Genes C, E, F, and H affect the host
plant range and/or the size of tumors caused by the bacterium. The functions of the proteins of virulence genes are as
follows: A, receptor of wound signal; B, codes for proteins that form membrane pores; C, enhances transfer of T-
DNA; D, codes for proteins that nick T-DNA at its borders, help transport T-DNA across membranes, and carry signal
compounds to the nucleus; E, protects T-DNA from nuclease enzymes and also carries nuclear localization signals; F,
may increase host range of tumor induction; G, activates other virulence genes; H, protects the bacterium from toxic
plant compounds. The entire diagram presents a simplified scheme of interaction of gene products of host cells and
T-DNA that lead to the production of a gall. [Photograph (A) courtesy of Oregon State University.]
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Figure 1 | Disease symptoms caused by some bacterial pathogens of plants and representative virulence mechanisms used
by these pathogens. P. syringae pv. tomato enters the leaf apoplastic space through stomata or wounds, and uses a type llI
secretion system to inject a large number of virulence (effector) proteins into the plant cell. Agrobacterium tumefaciens uses a type
IV secretion system to inject a tumour-inducing transfer DNA (tDNA) into the plant cell cytoplasm. Erwinia carotovora subspecies
atroseptica uses a type Il secretion system to deliver cell wall-degrading enzymes (for example, cellulases and pectinases) to the
plant cell wall. Ralstonia solanacearum enters plant roots through wounds and multiplies in the xylem vessels in which it produces
exopolysaccharides that are believed both to interfere with recognition and to inhibit water transport through the vascular system.
Each of these four pathogens also uses other virulence mechanisms



