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. Que son los pigmentos oscuros o melaninas?

Son pigmentos ampliamente distribuido, en hongos se conocen desde 1960.
Color oscuro, negro o marron.

Son polimeros complejos que se forman por la polimerizacion oxidativa de
compuestos fendlicos o inddlicos.

Son moléculas con alto peso molecular, estables, insolubles en agua vy
solventes organicos, amorfas, con carga negativa, resistentes al ataque con
acidos pero susceptibles a la degradacion con bases fuertes.

La identificacion precisa de su estructura quimica, es compleja.



Roles de las melaninas

« Las funciones de las melaninas resultan de sus propiedades fisicas y
guimicas.

« Estas propiedades estan condicionadas por la estructura quimica y su
organizacion a nivel molecular, supramolecular, asi como por la
capacidad de las mismas para formar agregados con proteinas o
polisacaridos.

v' Resistencia a estreses ambientales: - radiacion
- pérdida de agua
- temperatura
- moléculas organicas o inorganicas

v" Patogénesis y virulencia: - proteccion frente a enzimas hidroliticas
- apresorio

v Morfogénesis.

v" Transduccion de energia.



* Deteccion de pigmentos oscuros en hongos pertenecientes a
diferentes grupos taxonomicos, sus caracteristicas y rol biologico.

* Analisis de los tipos de melaninas fingicas y su mecanismo de
sintesis.
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Traditional Traditional
Zygomycoia Chytndiomycota

Hibbett et al 2007. Mycological Research 111: 509-547.
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Taxa* Melanin type Localization Putative role
, ) b GHB- Basidiospore wall ?
Agaricus bisporus
(Agaricaceac) PAP- ? ?
aricacea
. DOPA- ? ?
Catechol- ? ?
Aspergi Ilus terreus® Asp- Conidia Tolerance to UV radiation and acidic
environments
i HN- 1 h .
(Trichocomaceae) D Culture brot and defense from predation by amoeba
Auriculari cula® Pheomelanin Fruiting bodies ?
uricularia auricula
DHN- Fruiting bodies ?

(Auriculariaceae)

Eumelanin-type

Extracellular medium

?

Bipolaris sorokiniana®

(Pleosporaceae) DHN- Wall in hyphae and conidia Development, fitness and survival
Cenococcum geophilum?
(Gloniaceae, DHN- Hyphae wall Tolerance to water stress
Mytilinidiales)
Cladosporium .
P . DHN-melanin like . . Tolerance to stresses imposed by fungicides or
cladosporioides® Wall in hyphae and conidia :
: compounds the environment
(Cladosporiaceae)
Cryptococcus Pathogenicity. Virulence factor. Protection
neoformans® DOPA- (eumelanin) Extracellular vesicles and cell wall against host defence systems (immune effector
(Tremellaceae) cells, phagocytosis and oxidative injury)
Fusarium graminearum?® 1 o iati i
g ' 5-Deoxybostrycoidin- Perithecial wall Tolerance to UV radlathn and reactive oxygen
(Nectriaceae) species

Metarhizium anisopliae®
(Clavicipitaceae)

DHN-

Virulence factor. Hydrophobic attraction, water
absorption, adhesion, conidia germination and
tolerance to water and oxidative stress

Toledo et al. 2017. Physiological and Molecular Plant Pathology. Doi: 10.1016/j.pmpp.2017.04.004.



Fig. 3 Colonies of C. cladeporivides LPSC no. 1088 grown on PDA in absence (Control) and presence of 10 and 100 ppm of

tricyclazale (T) fora 7 days period
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Fig. 5 Mycelia and conidia of C. cladosporioides LPSC no. 1088 grown on PDA in absence (Control) and presence of 10 ppm of

tricyclazole (10 T) for a 7 days period
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Monilinia laxa?

Pathogenicity. Sporogenesis. Survival. Tolerance to

.. DHN- All structures differentiated . .
(Sclerotiniaceae) environmental stresses and autolysis
Mucor spp.4 (Mucorales) ? Outer wall of sporangiospores ?
Neocallimastix sp.© Isolate
MC-2 ? Wall of mature resistant sporangia Survival
(Neocallimastigaceae)
Ophiocordyceps sinensis? DOPA Fermentation broth of submerged 0
(Ophiocordycipitaceae) cultures '
Penicillium chrysogenum?® :
(Trich fyo08 ) Pyomelanin Extracellular medium Survival under nutrient and water stress
ricnocomaceac
Pseudocercospora
griseola® DHN- Wall in hyphae and conidia Morphogenesis
(Mycosphaerellaceae)
DHN- Constitutively in conidial and yeast cells Virulence related to 1nfecF10n and against
phagocytosis
Sporothrix schenckii? : Wall of conuﬁa, yeast cells, fmd hyphae Virulence related to infection and against
. DOPA- (eumelanin) if L-DOPA is available during fungal . . . .
(Ophlostomataceae) phagocytosis. Protection against antifungal drugs

Pyomelanin

growth
Extracellular medium if L-tyrosine is
available during fungal growth

Quencher of oxidative stress. Protection against

antifungal drugs

Synchytrium endobioticum®
(Synchytriaceae,
Chytridiales)

Allomelanin like
compounds ?

Resting spores

Survival
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Relaciones  filogenéticas de la
secuencia aminoacidica deducida del
dominio KS de las PKSs de P
griseola f. griseola (S3b) y P. griseola
f. mesoamericana (T4) con otras PKSs
fungicas. Se senialan el tipo de
metabolitos  sintetizados por la
enzima. NR, no reductoras. R,
reductoras.
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Ascomycota
Capnodiales
Mycosphaerellaceae

Passalora fulva (Cooke) U. Braun & Crous (Cladosporium fulvum Cooke)

de Wit et al. 2012. PLoS Genet 8(11): e1003088.
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15 needed to confirm its requirement in cladofulvin production, but
attempts to dsmpt this gene have been unsuccessful so far.

PRSI belongs to a gene cluster homologous to the elsinochrome
gene cluster in E jfawcetin. All genes except OXRI are located
within the gene cluster present m (. fulbum. The complete
elsinochrome biosynthetic pathway has vet to be fully elucidared
and there is no funcion assigned to the hypothencal protemn
encoded by OXR[ [43]. 1tis likely that . fulmem 15 able to produce
elsinochrome or a highly similar compound. Despite its expression
in PDB, LO-MS analysis did not detect such a compound. It s
possible that the method used to extract SMs was not adapted to
the 1solanon of this type of compound, although this 15 unlkely
because the procedure did extract cladofulvin, which has a

chemical structure similar o thart of elsinochrome. Funcrional

biosynthess of an elsmochrome-like compound. Surprisingly, the
genome of (. fulum does not contam any gene that belongs to
the 1 8-DHN-melanin PKS clade, which suggests that €. fulbum is

not able to produce DHN-melanm, although it might produce

melanin  from qmﬁne through the DOPA paﬂma} |‘:|E]

pmdumnn in A, mger B also wqrmtmhle fn:.-r the hm':}nﬂmm nf'

several naphtho-y-pyrones |53]. Similarly, Pks]l could be respon-
sible for the production of elsmochrome and/or IYHN-melanin in
C._fulvum.

Secondary metabolism and biotrophic growth of
Cladosporium fulvum

Comparative genomics analyses of necrotrophic and biotrophic

fungi suggested that a biotrophic lifestyle s associated with loss of

SM genes |2,6]. Indeed, Blumena gramems and Tuber melanosporum,

Collemare et al. 2014. PLoS ONE 9(1): e85877. doi:10.1371/journal.pone.0085877

Secondary Metabolism of Cladosporium fulvum

even lower during colonization of tomato, mduding expression of
PAS6. This gene is highly expressed agam when the fungus starts to
produce conidiophores and sporulates on the leaf surface.
Induction of gene expression at this stage suggests a role for the
corresponding SM m survival of the fungus outside 1ts host plant.
In accordance with the expression data, only one major compouncd
could be detected and no phytotoxic activity could be observed for
SM  extracts. Alogether, these data suggest that most SM
bicsynthetic pathways i . fulbum are cryptic and that low
expression and down-regulaiion of SM gene dusters during
mfection of its host might be novel mechanisms associated with
fungal bwotrophy. In addition, pseudogenization appears to have
mactivated several core genes and the dothistromin pathway in €.
Julmem [12,41]. Likely, ¢ fulium’s cryptic SM pathways are induced
at speafic stages of its ifecycle outside its host when the fungus has
to survive on the leaf surface or as a saprophyte on dead tssues.
Further research i required to determine which environmental or
growth conditions can activate these crypric pathways.

Supporting Information

File 81 Supporting information. Fig. 51, Domam organi-
zation of Cladosporium fulum polyketide synthases and non-
ribocsomal peptide synthetases. Fig. 52. Phylogenetic analysis of
Cladosporium _fulum PRCS and hybrid PRS-NEPS enzymes. Fig. 53,
Locus organization of polyketide synthase and hybrid genes n the
dadosporum_fuloum genome. Fig. S4. Locus organizanon of non-
ribosomal peptide synthetase genes n the Cladospornm fuloum
genome. Fig. 55. Localization of secondary metabolism genes on
chromosomes of (ladesporsum fulven. Fig, S6. Expression profile of
dadosporum_fulium secondary metabolism functional core genes.



La biantraquinona cladofulvina, es un homodimero compuesto de dos restos nataloe-emodina unidos por un enlace aril-

arilo, y es el unico SM detectable producido por Passalora fulva (Cladosporium fulvum) durante el crecimiento en
medios artificiales.

cladofulvin
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Collemare et al. 2014. PLoS ONE 9(1): e85877. doi:10.1371/journal.pone.0085877
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Cladofulvina protege a los conidios contra la luz UV y el estrés por baja temperatura.

Rol del pigmento en la supervivencia del hongo frente al estrés abidtico.

Griffiths et al. 2016. Molecular Plant Pathology ‘Accepted Article’, doi: 10.1111/mpp.12527



Aislamiento Cultivar Localidad” Tipode produccion
CIDEFI 300 Elpida Los Hornos Convencional bajo cubierta
CIDEFI 301 Elpida Abasto Organico bajo cubierta
CIDEFI 305 Colibri Arana Convencional bajo cubierta
CIDEFI 307 Elpida Corrientes Convencional bajo cubierta
CIDEFI 308 Elpida Los Hornos Convencional bajo cubierta
CIDEFI 309 Elpida Arana Convencional bajo cubierta
CIDEFI 318 Elpida Etcheverry Convencional bajo cubierta
CIDEFI320 Keitor Corrientes Convencional bajo cubierta
CIDEFI 325 Elpida Gorina Convencional bajo cubierta
CIDEFI 326 Pantano Abasto Organico bajo cubierta
CIDEFI 327 Banano Abasto Organico bajo cubierta
CIDEFI 329 Banano Abasto Organico bajo cubierta
CIDEFI 330 Elpida Los Hornos Convencional bajo cubierta
CIDEFI 331 Elpida Mar del Plata Convencional bajo cubierta
CIDEFI 332 Elpida Abasto Organico bajo cubierta

Aislamientos de Cladosporium fulvum estudiados.”Provincia de Buenos Aires (Argentina).



Objetivo

Conocer la via de sintesis de la melanina en el
agente causante del moho de la hoja de tomate,

Cladosporium fulvum.
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Tratamiento quimico Mecanismo de accion

Control (APG) -

{ . r e . . inhibidor de tirosinasas involucradas en la sintesis
+ Acido kégico (5-hidroxi-2- 1 . . .
5 ( de la DOPA-melanina mediante la quelacion del
ion cobre de estas enzimas.

(hidroximetil)-4-pirona)

+ Triciclazole (5-metil-1,2,4-triazol (3,4) inhibidor de reductasas involucradas en la sinteiss de
benzotiazol) DHN-melanina.

inhibidor de 4-hidroxifenil-piruvato-dioxigenasas.

+ Sulcotriona (2-(2-cloro-4-metilbenzil)- sintesis de piomelaninas

ciclohexano-1,3-diona)

inductor de melanizacion

+ Dopa (dihidroxifenilalanina)

+ L-Tirosina inductor de melanizacion.

+ Acido kojico + L-Tirosina ?

+ Sulcotriona + L-Tirosina ?




Tratamiento quimico

Resultados

Control (APG)

+ Acido kogico (5-hidroxi-2-(hidroximetil)-4-
pirona) 100 ppm

+ Triciclazole (5-metil-1,2,4-triazol (3,4)
benzotiazol)

+ Sulcotriona 100 ppm
+ L-Dopa 1ImM
+ L-Tirosina 10 mM
+ Acido kéjico + L-Tirosina

+ Sulcotriona + L-Tirosina

100 ppm




Vista reversa de una seccion de colonia del aislamiento CIDEFI 300 desarrollada sobre
medio APG (control; izquierda) y en presencia de Triciclazole 50 ppm (derecha).



Estrategia de estudio

— [dentificacion de intermediarios de la sintesis de melanina en el
medio de cultivo con Triciclazole 50 ppm

Extraccion de melaninas a partir de

cultivos en medio APG (en realizacion)

1% »:': [ °

1 [ ]
[ ]

UV-visible

Fluorescencia

RPE

FTIR

Carga de fenoles libres

Actividad antioxidante y quelante



Espectrometria de masas desorcion/ionizacion de la
matriz asistida por laser (UV-MALDI MS)
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Fig 51 MALDI- MS/MS spectrum of the signal at m'z 206 obtamned from ethvlacstate extract correspondimg to culture of 21 days old of the fungus grown on PDA
supplemented with 100 ppm tmicvelazole 24 h (zee Fig. 2b). Inset: zoom between m'z region 35 and 143, Precursor 1on, m'z 206 [M CiolHeOs]; fragments
ghsened: m'z 180, [M*-26; C:H4Os]; m/z 137 [M*-69; C-Hs0:]); m/'z 108 [M*-98; CiH40:] and m'z 69 [M*-137; C:HO:].
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Fig 51. MALDI- M3/ME spectrum of the signal at m'z 206 obtained from ethylacetate extract correspondme to culture of 21 days old of the fungus grown on PDA
supplemented with 100 ppm tmicvelazole 24 h (zee Fig. 2b). Inset: zoom between m'z region 35 and 143, Precursor 1on, m'z 206 [M CiolHeOs]; fragments
ghsened: m'z 180, [M*-26; C:H4Os]; m/z 137 [M*-69; C-Hs0:]); m/'z 108 [M*-98; CiH40:] and m'z 69 [M*-137; C:HO:].
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Ruta de sintesis de la melanina dihidroxinaftaleno (DHN). Las lineas
senalan los puntos donde actua el Triciclazole inhibiendo las enzimas reductasas. Los
circulos sefalan los metabolitos secundarios acumulados (Butler et al., 2005).



CONCLUSIONES

* La identificacion de flaviolina, un producto de autoxidacion del 1,3,6,8-tetrahidroxinaftaleno, un
intermediario clave en la sintesis de melanina-DHN, solo en el medio extracelular de los cultivos
agarizados del aislamiento CIDEFI 300 (Raza 2) suplementado con triciclazole 50 ppm comparado
a cultivos control en medio APG sugieren la existencia de una ruta de sintesis de melanina

involucrando dihidroxinaftalenos en Cladosporium fulvum.

* Esta informacion podria contribuir al desarrollo de nuevos fungicidas para controlar a este agente
causante del moho de la hoja de tomate, una enfermedad presente en el cinturdn horticola platense

(Argentina), a traves del bloqueo de la sintesis de melanina DHN.



Gracias por su
atencion !!!!

(masaparrat(@yahoo.com.ar)
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Asociacion Micologica
Carlos Spegazzini

Asociacion Civil - Personeria Juridica Resolucion 335A-2010

La Asociacion tiene sede en Argentina y nuclea micologos que realizan sus
estudios sobre hongos principalmente en el Cono Sur Sudamericano.

Actualmente somos 160 socios, vamos que podés ser el numero

Para Asociarse a la AMCS , los interesados deben completar la ficha de inscripcion
(disponible al pie de http://amcspegazzini.weebly.com) y enviarla por correo
electronico a amcspegazzini@gmail.com.
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