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INTRODUCTION

Fungi sense and interact with the environment by changing 
their pattern of growth and their metabolism, and light is one 
of	 the	 signals	 that	 regulates	 fungal	 biology	 (Corrochano	 &	
Avalos	2010).	A	prominent	example	of	the	effect	of	light	in	fungi	
is the regulation by light of fungal development and behaviour 
(Fig.	1)	(Corrochano	&	Galland	2006).	Blue	light	is	the	type	
of	light	most	associated	with	fungal	photomorphogenesis.	In	
addition, blue light can activate fungal metabolic pathways 
or	direct	the	growth	of	fungal	structures	(Idnurm	et al.	2010).

Photoreceptors are molecules that receive photons through 
specialized light-absorbing chromophores and transduce 
the photon energy into the cell to promote a response, and 
several types of photoreceptors have been described in fungi 
(Corrochano	 2007,	 Herrera-Estrella	 &	 Horwitz	 2007).	 The	
isolation and characterization of fungal photoreceptors was 
initiated by the isolation of the Neurospora wc-1 and wc-2 
genes	(Ballario	et al.	1996,	Linden	&	Macino	1997)	required	
for	all	the	photoresponses	in	this	fungus.	This	was	followed	
by the characterization of the wc-1	gene	product,	WC-1,	as	
a photoreceptor with DNA-binding capacity, that operates 
with	its	partner,	WC-2	(Froehlich	et al.	2002,	He	et al.	2002).	
Genes	 similar	 to	 wc-1 and wc-2	 have	 been	 identified	 in	
the genomes of several ascomycete, basidiomycete, and 
zygomycete	fungi,	and	many	of	these	genes	are	required	for	
fungal photoresponses, leading to the hypothesis that the 
WC	complex	arose	early	in	fungal	evolution	to	regulate	fungal	
photoresponses as a photoreceptor and transcription factor 

(Idnurm	&	Heitman	2005).	In	addition,	the	completion	of	several	
fungal	genomes	has	allowed	 the	 identification	of	additional	
fungal	photoreceptor	genes,	many	of	 them	unexpected	 like	
red light absorbing photoreceptors, phytochromes, additional 
blue-light absorbing photoreceptors, cryptochromes, and 
rhodopsins	 (Galagan	 et al.	 2003).	 In	 this	 contribution	 we	
provide a summary of the presentations made during the 
Special	Interest	Group	meeting	on	“Fungal	Photobiology”	that	
took	place	during	the	9th	International	Mycological	Congress	
(IMC9)	in	Edinburgh	during	August	2010.

CONTRIBUTIONS

The	aim	of	 the	meeting	was	 to	discuss	 recent	developments	
in the molecular mechanisms of fungal photoreception and 
to review the different responses to light observed in different 
classes	of	fungi.	The	meeting	was	organized	by	myself	with	the	
help	of	the	organizing	committee	of	IMC9	and	took	place	during	
the	morning	of	1	August	2010.	The	five	presentations	covered	
various aspects of fungal photobiology in a wide array of fungi, 
including	 zygomycetes,	 basidiomycetes,	 and	 ascomycetes.	
Gerhard	Braus	(Georg-August-University	Goettingen)	and	Julio	
Rodríguez-Romero	(University	of	Karlsruhe)	described	different	
aspects of light reception in the ascomycete Aspergillus nidulans, 
and	 Gencer	 Sancar	 (University	 of	 Heidelberg)	 reported	 on	
recent developments in the molecular mechanisms that regulate 
the circadian clock in the ascomycete Neurospora crassa.	
The	responses	to	light	in	the	zygomycete	Mucor circinelloides 
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were	discussed	by	Victoriano	Garre	(University	of	Murcia),	and	
Takashi	Kamada	(Okayama	University)	reviewed	recent	results	
on the regulation by light of basidiome development in the 
basidiomycete Coprinopsis cinerea.

In	 Aspergillus nidulans red and blue light regulate the 
balance	 between	 sexual	 and	 asexual	 development,	 and	
many proteins, including photoreceptors, participate in this 
regulation.	 Interestingly,	 many	 of	 these	 regulatory	 proteins	
interact	 to	 form	 protein	 complexes,	 and	 the	 formation	 of	
these	 complexes,	 and	 their	 localization	 within	 the	 cell	 are	
key features for their roles in the regulation of development 
(Bayram	et al. 2010, Rodriguez-Romero et al.	2010).	Braus	
discussed	 how	 a	 protein	 complex	 composed	 of	 proteins	
VelB,	 VeA,	 and	 LaeA	 is	 required	 for	 the	 proper	 regulation	
by	 light	 of	 sexual	 development	 (Bayram	 et al.	 2008).	 In	
addition,	VelB	forms	a	complex	with	VosA,	which	is	required	
for	 spore	 viability	 and	 resistance	 to	 various	 stresses.	 The	
LaeA	protein	was	 initially	 identified	as	a	global	 regulator	of	
secondary metabolism and plays a key role in the crosstalk 
between	both	complexes	(Sarikaya	Bayram	et al.	2010).	 In	
A. nidulans red light is perceived by a phytochrome, FphA, 
and	 blue	 light	 is	 mostly	 perceived	 by	 the	 WC-1	 homolog	
LreA.	The	phytochrome	 is	 required	 for	 the	 inhibition	by	 red	
light	 of	 sexual	 development	 (Blumenstein	et al.	 2005)	 and	
both,	 FphA	 and	 LreA,	 interact	 in	 a	 protein	 complex	 that	

includes VeA (Purschwitz et al.	2008).	Light	activates	gene	
transcription, and the talk by Rodríguez-Romero summarized 
the results obtained by microarray hybridizations to identify 
genes differentially regulated by light and how blue light and 
red	 light	 is	 required	 for	 this	 regulation.	 Both	 the	 red	 light	
photoreceptor	phytochrome	(FphA)	and	the	blue	light	receptor	
LreA	were	required	for	light-dependent	gene	activation.	The	
presence of photoreceptor proteins in the promoter of light-
regulated genes suggested a direct role for these proteins in 
photoreception	and	gene	transcription.

The	 molecular	 mechanisms	 of	 photoreception	 have	
been	 extensively	 investigated	 in	 Neurospora crassa.	 In	
Neurospora light promotes the accumulation of orange 
pigments	 (carotenoids)	 in	 vegetative	 mycelia,	 promote	
asexual	 (conidiation)	 and	 sexual	 development,	 and	
resets	 the	 circadian	 clock	 (Chen	 et al.	 2010b).	 All	 these	
responses	 require	WC-1	and	WC-2,	 two	proteins	 that	 form	
a	 photoreceptor	 and	 transcription	 factor	 complex	 (WCC)	
that binds the promoters of light-regulated genes to activate 
transcription.	 In	 addition,	 a	 small	 blue-light	 photoreceptor	
(VVD)	 interacts	 with	 the	WCC	 to	modulate	 its	 activity	 and	
to allow Neurospora to react to changes in light intensities 
(Chen	et al.	2010a,	Hunt	et al.	2010,	Malzahn	et al.	2010).	
Sancar	summarized	recent	work	that	helped	to	identify	WCC	
binding sites along the entire Neurospora	genome	by	ChIP-

Fig. 1.	Sporophores	(sporangiophores)	of	Phycomyces blakesleeanus.	Sporangiophores	can	grow	several	cm	guided	by	environmental	signals	
towards	the	open	air	for	spore	dispersal.	The	Phycomyces sporangiophores are guided by light, gravity, wind, touch, and the presence of nearby 
objects.	At	the	tip	of	each	sporangiophore	there	is	a	small	ball,	the	sporangium,	filled	with	vegetative	spores.	Photograph:	Dolores	Pérez	de	
Camino,	Luis	M.	Corrochano,	and	Javier	Avalos	(University	of	Seville).
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seq	technology	after	a	brief	illumination	(Smith	et al.	2010).	
The	WCC	was	 found	 in	about	400	 regions	 in	 the	genome,	
and	half	of	them	where	located	in	promoters	of	genes.	The	
WCC	 was	 found	 to	 directly	 control	 the	 expression	 of	 24	
transcription factor genes, including the clock-controlled 
gene adv-1.	The	presence	of	 the	WCC	in	 the	promoters	of	
transcription	factor	genes	confirmed	previous	observation	of	
a	hierarchical	regulation	in	the	response	to	light	with	the	WCC	
activating a set of transcription factor genes that eventually 
would activate additional genes responsible for the cellular 
response	(Chen	et al.	2009).

The	responses	to	light	have	been	extensively	investigated	
in the zygomycete Phycomyces blakesleeanus, in particular 
since it was promoted as a model organism for sensory 
perception	by	Nobel	laureate	Max	Delbrück	in	the	mid-1950s	
(Bergman	et al.	1969,	Cerdá-Olmedo	2001,	Cerdá-Olmedo	
&	Lipson	1987).	A	less	known	but	very	promising	zygomycete	
with several light responses is Mucor circinelloides, a fungus 
that	can	be	easily	transformed	with	exogenous	DNA,	unlike	
Phycomyces	 (Gutiérrez	 et al.	 2011).	 Light	 promotes	 the	
accumulation of beta-carotene and the phototropism of the 
fruiting body of Mucor	(Silva	et al.	2006).	Garre	reviewed	the	
identification	of	multiple	wc genes in the Mucor genome, a 
trait observed in other zygomycetes including Phycomyces 
(Corrochano	&	Garre	2010).	The	genome	of	Mucor contains 
three wc-1 genes and four wc-2 genes, but only the role of 
the wc-1	genes	has	been	investigated	in	detail	(Silva	et al. 
2006).	Thus,	mcwc-1a and mcwc-1c control phototropism 
and	 photocarotenogenesis	 respectively	 (Silva	 et al.	
2006).	 In	addition,	 the	product	of	mcwc-1b is an activator 
of photocarotenogenesis, but the activation is blocked by 
ubiquitylation	mediated	by	 the	repressor	CrgA	(Silva	et al.	
2008).	In	Phycomyces, however, one wc-1 gene, madA, and 
one wc-2 gene, madB,	are	required	for	all	the	responses	of	
this	 fungus	 to	 light	 (Idnurm	et al.	2006,	Sanz	et al.	2009).	
The	 corresponding	 proteins,	 MadA	 and	MadB,	 interact	 to	
form	a	protein	complex,	presumably	similar	to	the	WCC	in	
Neurospora, that allows phototropism and other responses 
to	 light	 (Sanz	 et al.	 2009).	 The	 function	 of	 the	 other	wc 
genes is currently unknown, but they are induced by light 
and may provide additional light-sensing components to the 
basic	Mad	complex	for	extended	sensitivity	to	light	(Sanz	et 
al.	2009).

Mushroom	development	requires	an	appropriate	light/dark	
cycle, and this light-dependent developmental regulation has 
been investigated in detail in the basidiomycete Coprinopsis 
cinerea	(Kamada	et al.	2010).	Kamada	summarized	the	effect	
of light on Coprinopsis	development	and	the	identification	of	
blind	mutants	that	produce	etiolated	“dark	stipes”	under	light/
dark cycles that would result in full mushroom development 
in	the	wild	type.	The	product	of	dst1	has	been	identified	as	
a homologue of the Neurospora wc-1	 gene	 (Terashima	 et 
al.	2005),	while	dst2	encodes	a	protein	with	a	putative	flavin	
adenine	 dinucleotide	 (FAD)	 domain	 (Kuratani	 et al.	 2010).	
The	 presence	 of	 this	 domain	 suggests	 that	 the	 product	 of	
dst2 could be a novel fungal photoreceptor, but further work 
is	still	necessary	to	confirm	this	hypothesis.

These	are	very	exciting	times	for	fungal	photobiology.	Proteins	
similar	to	WC-1	and	WC-2,	have	been	identified	in	most	fungi,	and	
many	of	them	are	required	for	their	responses	to	light.	In	addition,	
most fungal genomes contain genes for other photoreceptors, but 
their	roles	in	the	fungal	cell	are	largely	unknown.	The	SIG	meeting	
on	“Fungal	Photobiology”	helped	to	review	the	current	status	of	
fungal photoreceptors and photoresponses and to propose new 
avenues	of	research	and	collaborations.
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