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Abstract
Background: Urban surface stones in Mexico City are exposed to a temperate climate and a range of
atmospheric conditions ranging from mildly impacted to heavily polluted areas. In this study, we
focused on the characterization of the cultivable fungal component of selected biological patinas in the
surrounding area of Chapultepec castle, a historic monument in Mexico City. Thirty four representative
fungal isolates selected based on distinctive differential macroscopic characteristics out of a total of
300 fungi, were characterized using morphological and molecular approaches. Results: This
identification strategy based on the combination of phenotypic- and molecular-based methodologies
allowed us to discriminate the fungal community in some cases down to the species level.
Conclusions: The characterization of this mycoflora revealed the presence of a complex fungal
community mainly represented by filamentous fungi belonging to the genera Fusarium, Trichoderma,
Aspergillus, Cladosporium, Alternaria, Mucor, Penicillium, Pestalotiopsis, and the dimorphic fungus
Aureobasidium, along with the yeast Rhodotorula. A specific distribution of fungi could be observed
based on the type of biological patina analyzed.
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INTRODUCTION
The stone ecosystem is subjected to harsh environmental changes, especially temperature and
moisture, which exerts extreme selective pressure on any developing microbial community (May,
2003). The microbial colonization of stones depends on environmental factors such as water
availability, pH, climatic exposure, nutrient sources, and on petrologic parameters, such as mineral
composition porosity and permeability of the rock material (Warscheid and Braams, 2000). In addition,
at the monument or building level, different micro-niches also occur considering outdoor or indoor
environments and different expositions. In these spatial conditions, different groups of organisms can
settle and spread on and into the rock material. Fungi are an important component of microbial
communities colonizing different types of building stone in environments ranging from temperate to
tropical settings (Gorbushina, 2007; Scheerer et al. 2009). Studies aiming at describing the diversity
and ecological significance of fungi in urban environments have mainly centred on their impact on
human health (O’Gorman and Fuller, 2008), but have also been reported on stone surfaces,
particularly important in historic and cultural buildings, where they often exert biodeterioration effects
(Gorbushina et al. 2002; Cappitelli et al. 2007; Gadd, 2007). Microbial community establishment on
clean surfaces usually starts with phototrophic organisms (algae, cyanobacteria) which use CO2 from
the atmosphere and sunlight as their carbon and energy source. Heterotrophic organisms (most
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bacteria and all fungi) need some organic source for their growth, and this is provided by the
metabolites of phototrophic organisms or by air-borne deposition. It has been shown that the very low
nutrient requirements of some rock inhabiting heterotrophic microorganisms may be fulfilled by remains
of polluted air and rain or animal remains and secretion (Suihko et al. 2007). Bare rock surfaces are
harsh environments that are commonly inhabited by diverse fungal communities that exhibit metabolic
traits that warranty their survival (Gorbushina and Broughton, 2009). Little is known about the microbial
composition of outdoor fungal communities in urban environments in Mexico. In this study, by using a
combined approach of morphological and molecular analyses we characterized the heterotrophic
composition of the cultivable fungal community of stone surfaces in the surrounding area of
Chapultepec castle at Mexico City. This sampling site is allocated in a highly polluted atmospheric
region with many airborne organic sources which are the main requirement for survival of these fungal
communities (Elliott et al. 2000). The identification of the cultivable fungal community settled on this
stones is the first step of an overall diagnostic study in this class of urban environment in Mexico City
for both health and cultural heritage issues.

MATERIALS AND METHODS
Site description and sampling strategy
Mexico City is located in an endorheic lake basin surrounded by mountain chains. The city is bounded
by the coordinates 19º 03’ to 19º 36’N and 98º 57’ to 99º 22’W. Its location in an interior valley at 2240
masl, with elevation increasing from north to south, gives it a tropical climate tempered by altitude
(Jáuregui, 2000). The northeast of the city tends to be dryer, with 400 to 500 mm annual precipitation,
while the centre and south, especially at the base of the mountains, receive 700 to 1200 mm
precipitation annually (Jáuregui, 2000). In fact, the climate in this city is heterogeneous depending of
the altitude and land use (Estrada et al. 2009). Average monthly concentration of pollutants include
3
300-650 ppb for S02, 200 ppbv for O3 and an average of 40 µg/m for PM 10 and PM 2.5 (Elliott et al.
2000). In May 2009, loose patina material from three sites (Figure 1a-c) were aseptically sampled
using a scalpel from the outer stones surrounding of the Chapultepec Castle (sites A and B) and a
monument located in the courtyard of the building (site C). Outer surfaces are fully exposed to the
atmosphere and are badly degraded presumably by microbial activity as evidenced by extensive
epilithic microbial growth. Biological patina A (Figure 1a) seems be more complex due to significant
number of different biological colonization patterns. We found light green, white and dark grey patinas.
Incrustation B (Figure 1b) exhibits peeling process and incrustation on external stones, for this reason
a compact, hard, mineral outer layer adhering to the stone is evidenced. The surface morphology and
colours found were usually different from those of the underlying stone and some appears to be
calcareous incrustation. Patina C (Figure 1c) localized on a monument with deterioration symptoms
presents a black crust as results of accumulation of exogenic material of variable thickness with a
common alteration and advanced decay. The chemical and physical characteristics of the rocks
analyzed were not recorded in this study, as only scrapped material for microbiological analysis was
conducted. However, there is a report that suggested that the rocks of this region, sampled here as
crust A and patina B, might have a volcanic origin (Flores-Román et al. 1996).
Fungal isolation strategy
Scraped samples were suspended in 10 mL of sterile V-8 vegetable juice (Campbell Soup Co.) and
TGY (Tryptone 5 g, glucose 5 g and yeast extract 5 g) and incubated in shaker at 30ºC for eight days.
In addition, other samples were streak-inoculated in PDA plates (Potato Dextrose Agar, Difco, Becton
Dickinson & Co., USA) and TGY plates (Tryptone 5 g, glucose 5 g and yeast extract 5 g) added with
agar at 15 g/L. Aliquots of 0.1 mL from V-8 and TGY incubated broths were also streak-inoculated onto
potato dextrose agar (PDA; Difco, Becton Dickinson & Co., USA) and incubated at 30ºC for 7 days.
Appearing colonies were picked and then re-isolated using Petri dishes containing the same solid
media. The isolates were maintained in 20% v/v glycerol, prepared by harvesting biomass at the mid
exponential growth phase (~5 to 7 days), grown on yeast extract-peptone-dextrose broth (YPD; BD
Bioxon, Mexico) and mixing the appropriate broth volume with sterile 86% v/v glycerol, storing them at 70ºC. Thirty four fungal isolates were selected from a collection of ~300 isolates, based on a
preliminary morphological identification. Growth rate and colony morphology were considered to select
isolates of different genus with the aim to cover the mayor fungal diversity.
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Fungal identification
The collection selected of 28 filamentous fungi, 1 dimorphic fungus and 5 yeasts was characterized
using morphological, biochemical and molecular methodologies. All 28 filamentous fungi were
characterized with respect to 12 parameters recorded on PDA plates. An Image-Pro Express software
package (Media Cybernetics, Silver Spring, MD, USA) was used for phenotypic (qualitative)
assessment and morphometric (quantitative) evaluation (Larralde-Corona et al. 2008). The parameters
included the size and shape of the spore, the time of initiation of spore production, colony colour,
colony margin and the radial growth rate at 29ºC, and grown at pHs 3.6, 5.6, 7.6, and 9.6. The
remaining 6 isolates were identified by using the API 20 C AUX system (bioMérieux, Inc., Durham, NC)
according to the manufacturer instructions. The experiments were performed in duplicate.
DNA extraction procedure
Fungal isolates were grown in 100 mL of Yeast Peptone Dextrose (YPD; Difco, Becton Dickinson &
Co., USA) during three days at room temperature (28ºC ± 2ºC) using a rotary shaker at 250 rpm. Cells
were harvested by filtration through a piece of filter paper and were washed with distilled water. Fresh
biomass (500 mg) were homogenized in liquid nitrogen and transferred to a 1.5 ml tube containing 1
mL of TEN buffer (100 mM Tris-HCl, 50 mM EDTA, 500 mM NaCl, pH 8.0) and vortexed for 1 min.
After centrifugation for 10 min at 10,000 g at room temperature, the pellet was resuspended in 1 mL of
TEN buffer and transferred to a clean 1.5 mL tube to continue the silica based-protocol as described in
Rojas-Herrera et al. (2008).
PCR amplification
The identification of fungal isolates was supported by the alignment of the D1/D2 region of the 28S
rDNA. Primers NL1/NL4 (described by O’Donnell, 1993) were used to amplify the desired fragment of
rDNA. Amplification of the D1/D2 region rDNA region were performed in 50 μL of PCR reaction mix
containing 5 μL of reaction buffer, 5 units of Taq polymerase (Gibco-BRL, Rockville, MD), 1.5 mM
MgCl2, 50 pmol of each primer, 120 μM dNTPs and 50 µg of template cDNA. Amplification was done
with an initial denaturation of 5 min at 94ºC, followed by 30 cycles of 1 min at 94ºC, 45 sec at 58ºC and
1 min at 72ºC with a final extension of 5 min at 72ºC. Amplicons were checked by electrophoresis on
1% agarose gel in TBE buffer (89 mM TrisHCl, 89 mM boric acid, 2 mM EDTA, pH 8.0). The PCR
products were gel purified with a GeneClean II kit (Bio 101, Vista, CA, USA) and eluted in sterilized
distilled water and reamplified using the conditions of initial amplification. PCR products were
sequenced (ABI 377 DNA sequencer, Applied Biosystems, USA) by using the BigDye terminator cycle
sequencing ready reaction kit according to the instructions of the manufacturer (Applied Biosystems,
USA).
Fungal rDNA sequence analysis
The nucleotide sequences of fungal rDNAs were aligned and compared with those in the GenBank
database. In addition, nucleotide sequences obtained in this study were deposited in the GenBank
database and summarized in Table 1. The dendrograms were constructed by used the MEGA 5.1
program (Tamura et al. 2011) using the neighbour-joining methods. The reliability of the clusters was
evaluated by bootstrapping with 1000 replicates. All positions containing gaps and missing data were
eliminated. High classification levels (Phylum and Order) were revised of according to Hibbett et al.
(2007). Classification to family levels follows Entrez Taxonomy database (NCBI). On the clades where
fungi were identified to species level some type strains were incorporated from the StrainInfo database
(http://www.straininfo.net). It is worth noticing that not all isolates had a type strain in this database.
Statistical analysis
Relatedness of microbial communities was determined using similarity coefficients for genera and
families that were common for both sites. Our working definition was that some genera or families are
common if they occur on the both patinas. Particular species were not included in this analysis due to
the fact that some isolates were not fully identified. Family classification level for Rhodotorula and
Fusarium isolates was considered as no rank groups named mitosporic Sporidiobolales and mitosporic
Hypocreales, respectively, according to Entrez Taxonomy database. The total number of different
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genera or families was determined for the samples being compared, then each sample was scored
based on the presence or absence of each genera or families in the different communities being
analyzed. Sørensen coefficient (Cs) of similarity was used to make pairwise calculations of genera or
families shared between samples as described Soni et al. (2010). Genera considered for this analysis
included Trichoderma, Alternaria, Mucor, Fusarium, Cladosporium, Aspergillus, Leptosphaerulina,
Penicillium, Phoma, Pestalotiopsis, Aureobasidium, and Rhodotorula. Families considered were
Hypocreaceae, Pleosporaceae, Mucoraceae, Davidiellaceae, Trichocomaceae, Didymellaceae,
Amphisphaeriaceae, Dothioraceae, and the Rhodotorula and Fusarium isolates of the orders
Sporidiobolales and Hypocreales.

RESULTS AND DISCUSSION
Phenotypic and molecular identification
A total of 28 filamentous fungi were preliminary identified down to the genus level using different
parameters recorded on PDA plates (Table 2). This characterization allowed us to identify ten genera
of filamentous fungi including Fusarium, Trichoderma, Aspergillus, Epicoccum, Mucor, Penicillium,
Phoma, Cladosporium, Alternaria and Pestalotiopsis. The most variable phenotypic traits were conidial
colour, growth at 72 hrs, and time of the first conidia observation. Conidial colour varied from dark
green (isolates II2, II8, III5, T21, III10 and III6), yellow (isolates I2 and III9) and white (isolates III16, II4,
T11, T23, III1, I10, T12, II1, I13, I7, III2 and III3). Other fungal isolates were gray (I9 and I1) and black
(T22). Most of the isolates were able to thrive in a wide pH range (pH 3.6 - 9.6). A pH value of 7.6 was
the most suitable to support the mycelia growth. On the other hand, preliminary dimorphic fungus and
yeast identification based on biochemical tests (data no shown), allowed us to determine 1 dimorphic
fungus (Aureobasidum) and 5 yeasts belonging to the genus Rhodotorula. Recent developments in
molecular classification based on rDNA regions have allow to clarify the biological interaction in
complex communities (Begerow et al. 2010). In this study most fungal species were identified based on
morphological and rDNA sequencing (Table 1 and Table 2). BLAST analyses of the D1/D2-28S rDNA
region (a single product of 700-900 bp) allowed us to identify twelve genera (Table 1). All identities
were compared with the phenotypic data (Table 2). In general, the isolates used in this study showed
high homology (95%-100%) to reported sequences in public databases. The most abundant group was
the Phylum Ascomycota with 25 isolated. This Phylum is represented by 6 orders; Hypocreales
(Trichoderma, Fusarium), Pleosporales (Alternaria, Phoma and Leptosphaerulina), Capnodiales
(Cladosporium), Eurotiales (Penicillium and Aspergillus), Xylariales (Pestalotiopsis) and Dothideales
(Aureobasidum) (Figure 2). The isolate T21 presents a high identity (100%) with Trichoderma
harzianum while isolates II2 and II8 exhibited a high identity (99 to 100%) with T. viride and T.
atroviride respectively, but differed from each other by 3 nucleotides. The classification of Trichoderma
genus based on morphological characterization might allow relatively easy identification of the genus,
but the species concept is difficult to interpret and delimit, especially for isolates with biotechnological
application (Larralde-Corona et al. 2008). According to the above, in this study, a combined molecularand phenotypic-based classification was mandatory. Trichoderma isolates could be successfully
classified down to the species level as Trichoderma viride (GenBank accession no. EF417482),
Trichoderma atroviride (GenBank accession no. EF591763) and Trichoderma harzianum (GenBank
accession no. AF399236).
Some genera such as Alternaria, Cladosporium, Aspergillus and Fusarium were well represented in
most of samples. The isolates I1 and III10 showed a high identity (98%) with Alternaria genus, even
though only the isolate III10 can be classified as A. tenuissima with 98% of identity (Table 1, Figure 2).
The isolates III2, III3 and III5 exhibited high identity with Cladosporium spp. (99%), but differed among
them by 10, 6 and 12 nucleotides, respectively. Isolates such as III11 and T22 exhibited high identity
with Aspergillus fumigatus and with A. niger with 98 and 100%, respectively, but differed among them
by 56 nucleotides. In this study, we suggest that these isolates can be considered as A. fumigatus and
as A. niger according to phylogenetic analysis. This last result was supported by the incorporation in
this analysis of the reference type strains of A. fumigatus (ATCC 16903) and of A. niger (NRRL 348),
respectively.
One dimorphic fungus (isolate 11) was also classified within of this Phylum. This isolate presents a
high identity (~100%) with Aureobasidium pullulans isolates previously reported. Only the isolates III9
and I11 produced unclear results when morphological and molecular methods were used for their
identification, and were only reported as Leptosphaerulina sp. and Phoma sp., respectively. It is
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important to mention that both isolates are phylogenetically related and belong to the same family
Didymellaceae (Figure 2).
The isolates II4, T11, I13, III1, I10, T12, II1, I2, I7 and I9 exhibited high identity with Fusarium spp. with
values ranged among 98 to 99% (Table 1, Figure 2), but differed among them in different nucleotide
positions (data no shown). Only isolate T23 was identified as Fusarium solani with 99% of homology
(Table 1, Figure 2). This identification was supported by the incorporation in the phylogenetic analysis
of a type strain of the F. solani complex, the strain CBS 115.40 characterized as F. lichenicola
(Summerbell and Schroers, 2002).
Most fungi related with Fusarium sp. were grouped in an only operative taxonomic unit (OTU) although
it presents differences in its D1/D2-28S rDNA nucleotide-base composition and in its phenotypical traits
(Table 2). All fungi belonging to this branch were only classified as Fusarium sp. (Figure 2). Fusarium
species have traditionally been identified by morphology although in recent years, their identification
has been supplanted by sequencing of the translation elongation factor 1-alpha (TEF1) gene (Geiser et
al. 2004) or by sequencing of the cytochrome oxidase 1 gene (Gilmore et al. 2009), although a
universal DNA barcoding system for the identifying of this species remains to be accepted (Begerow et
al. 2010). Our results confirm the presence of different Fusarium isolates both by morphological and by
ribosomal sequencing descriptors, however more effort must be done to clarify the reliable identity of
this abundant genus in these biological patinas.
Concerning the Subphylum Mucoromycotina, three isolates were obtained. The isolates III12, II6 and
III13, which exhibited high identity with Mucor hiemalis f. hiemalis with 97 to 100% (Table 1, Figure 3),
but differed among them by 3, 4 and 26 nucleotides, respectively. Phylogenetic analysis was
conducted with other closest related species as Mucor mucedo, Mucor fuscus and Mucor racemosus to
better discriminate the specie (Mucor hiemalis f. hiemalis) in the analysis. In addition, two type strains
of M. hiemalis f. hiemalis codes CBS 201.65 and NRRL3624 were incorporated, to support the
identification of these isolates. Our results suggest that these isolates (III12, II6 and III13) are Mucor
hiemalis f. hiemalis.
Finally, yeast isolates were grouped within of the Phylum Basidiomycota (order Sporidiobolales). Yeast
isolates 15, 16 and 17 exhibited high identity with Rhodotorula dairinensis with 99 and 100%,
respectively, but differed among them in around 15 nucleotides; while isolates 18 and 19 showed high
identity with Rhodotorula mucilaginosa with 99 and 95%, respectively, but differed among them in 73
nucleotides. Identity of the isolates 15 to 17, and 18 was supported by the type strains R. dairinensis
(JCM 3774) and R. mucilaginosa (CBS 316), respectively. Clade distances were low (~0.02) but
enough to discriminated R. dairinensis or R. mucilaginosa of other closest related species as R.
paludigenum and R. glutinis.
Finally, the isolate 19 showed high identity (99%) with Rhodotorula sp. (Figure 4). We suggest that
isolates 15 to 17 should be considered as R. dairinensis since it constitutes a different clade in the
Basidiomycota tree even when all isolates are closely related. However, a polyphasic taxonomy, as
proposed Gadanho and Sampaio (2002) including other fingerprinter analysis might be considered in
further studies to confirm this identity.
Assessment of the culturable fungal community
Studies aiming at describing the diversity and ecological significance of fungi in urban environments
have mainly centred on their impact on human health (O’Gorman and Fuller, 2008). However, the
settled of this community on urban stone surfaces also might give useful insight in the development of
procedures aimed in the preservation of historic buildings. In this sense, fungal community on stone
surfaces consists mainly of filamentous and microcolonial fungi (Sterflinger, 2000; Urzi et al. 2000;
Gorbushina et al. 2002; Gorbushina et al. 2003). In this study, 34 different filamentous fungi, 1
dimorphic fungus and some yeast were characterized. In general, when are considered the different
genera associated to different patinas, all the fungal communities were different with a Sørensen
coefficient of similarity (Cs) lower to 0.7 (Table 3). This suggests that each these patina harbours a
different fungal community. Only the Patina B and C shared some common genera reached 0.66 of Cs.
As expected, when this analysis of similarity is done again considering only the classification to level of
family more relations occurs between different patinas reached a Cs of 0.75 between A and C
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samples. Minor differences among fungal communities to level of families is a consequence of that
some representative genera as Aspergillus and Penicillium belongs to same family.
Particularly, patina A harboured most Fusarium sp. isolates (seven), all the recovered yeasts and some
other genera such as Phoma and Alternaria. The total number of isolates found in this patina was the
most numerous with 44% of the total fungal collection. However, when it was taken into account only
the filamentous fungi, the patina B was diverse. Some genera as Trichoderma were only found in this
type of patina and the total number of isolates corresponded to 24% of the total. Finally, the patina C
although only presenting 32% of the of isolates was that exhibits the most number of species with
several genera as Aspergillus, Fusarium, Mucor and Alternaria, Penicillium, Pestalotiopsis,
Cladosporium and Leptosphaerulina. The occurrence of these fungi can explain, at least in part, the
observed decay features. Cladosporium and Penicillium isolates were the most common genera
detected in soapstone and quartzite walls of churches in the Brazilian state of Minas Gerais (Resende
et al. 1996). Gorbushina et al. (2002) detected mainly deuteromycetes, such as Alternaria,
Cladosporium and Trichoderma, on historic marble monuments in St. Petersburg and Moscow. In our
study, different isolates of Cladosporium and Penicillium, as well as few isolates of Aspergillus,
Leptosphaerulina, Fusarium and Pestalotiopsis occurred on the black patina, a location with
biodeterioration symptoms (Figure 1c). Sterflinger (2000) suggested that Aspergillus niger, Penicillium
simplissimum and Scopulariopsis brevicaulis were important deteriogenic fungi attacking siliceous
stone. Various metabolic substances excreted by fungi are coloured, leading to significant aesthetic
alterations, and physical stress (Urzi and Krumbein, 1994; Sterflinger, 2000; Burford et al. 2003).
The presence of a significantly rich fungal community on these urban stone surfaces might be
explained as a consequence of the abundance of microbial biomass, organic metabolizable substrates,
bird droppings and the occurrence of some pollutants such as hydrocarbons in these urban habitats
(Suihko et al. 2007; Newbound et al. 2010). In this sense, it is important to mention that although
climatic conditions in Mexico City are milder, this climate changes extremely due to fluctuating and
permanent exposure to high pollution levels, surrounding vegetation and water availability event at
local levels within Mexico City basin (Elliott et al. 2000; Raga et al. 2001; Estrada et al. 2009). In this
respect, the heterotrophic fungi together with the heterotrophic bacteria could be expected as the
primary colonizers of rocks substrata instead of phototrophs, especially when airborne organic sources
are abundant (Viles and Gorbushina, 2003; Suihko et al. 2007) or when the main requirement for
survival is high tolerance to environmental stresses (Staley et al. 1982). Diverse authors have
suggested that these fungi are fast growing and therefore become more abundant in more northerly
parts of Europe and in climatic areas considerably less polluted (Sterflinger, 2002; Scheerer et al.
2009). The hyphomycetes have also be found in (sub) tropical climates (Resende et al. 1996). These
filamentous hyphomycetes remain metabolically active even in low nutrient conditions and have high
resistance to desiccation, UV radiation, and osmotic stress (Urzi et al. 2000), thus being well adapted
to growth on external stones as the sites sampled in this study. Concerning with the yeast isolates in
this study, it is important mention that some Rhodotorula yeasts have been isolated from high-altitude
lakes exposed to high UVB, thus suggesting physiological adaptation among these organisms (Libkind
et al. 2009). This adaptation is related to the occurrence of several compounds as mycosporines,
ubiquinone Q10 and carotenoid pigments have been proposed as involved with the UV resistance
(Yurkov et al. 2008; Libkind et al. 2009). More efforts should be considered in a future to quantify these
compounds in these fungal communities in order to increase the knowledge on UV resistance in this
class of environments. In addition, the fungi found in the course of this study may play also other
functional roles in this environment beyond deterioration. Fungal biomineralization was probably
occurring in patina B suggesting a protective role for the underlying substratum. Most of the fungi of
this study were isolated of this biological patina (Figure 1b). Trichoderma sp., Mucor hiemalis f.
hiemalis, Fusarium sp., Aspergillus niger, and Phoma sp. were the isolates detected in this sampling
site (Table 1). Biodeterioration and biomineralization capacities have been highlighted among fungi in
rock-inhabiting microbial communities (Burford et al. 2003; Fomina et al. 2005; Burford et al. 2006).
Many of the genera reported in this study as Alternaria, Cladosporium, Penicillum Aspergillus,
Fusarium, Epicoccum and Trichoderma and have been previously reported in soils, air and surfaces of
urban areas (Rosas et al. 1993; O'Gorman and Fuller, 2008; Mafernina et al. 2011; Shirakawa et al.
2011). It is important to note that certain airborne fungi, in particular Alternaria, Aspergillus, Penicillium
and Cladosporium are also considered as allergenic for humans (Kurup et al. 2000). Penicillium conidia
have also been shown to be present in low concentrations in the atmosphere of Mexico City (Rosas et
al. 1993), and were not considered as important outdoor airborne allergens in this city. Fungal counts
may vary significantly in different seasonal and spatial (air or soils surfaces) sampled (O'Gorman and
Fuller, 2008; Mafernina et al. 2011). Therefore, further research including the spore count quantification
of these communities should be considered previously to discuss their potential impact on human
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health. The possible roles of this microbial community as reservoirs of human health-threatening
agents, biodeterioration and mineral formation agents remain to be further investigated using a more
sophisticated cultural approach along with culture independent methods in field and experimental trials
with appropriate surface analysis.
In conclusion, a specific distribution of fungi across the different sampled patinas was observed. High
levels of richness were evidenced at this small scale level analysis, indicating the high heterogeneity of
occurring mycoflora. The combination of phenotypic- and molecular-based methodologies allowed a
better identification of heterotrophic fungal community extant at this study site. The fungal communities
detected comprise 12 genera that have been previously related to other important fungi traits.
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FIGURES

Fig. 1 Biological patinas colonizing urban stone surfaces in Mexico City. Patina a exhibits a colourful crust (a);
patina B exhibits an incrustation with evident mineralization features (b); while patina c occurs as thin black crust on
surfaces probably under microbiological attack (c).
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Fig. 2 Phylogenetic relationship from fungal isolates of the Phylum Ascomycota with the Neighbour-Joining
method. Numbers over the branches are bootstrap values (over 1000 repetitions). OTU Fusarium sp. group was
resumed. Fungal isolates of this study are represented in bold. Type strains are underlined. Brackets indicated the
family and/or order phylogenetic classification, which was revised of according to Entrez Taxonomy database and
Hibbet et al. (2007), respectively.
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Fig. 3 Phylogenetic relationship from fungal isolates of the Subphylum Mucoromycotina with the
Neighbour-Joining method. Numbers over the branches are bootstrap values (over 1000 repetitions). Fungal
isolates of this study are represented in bold. Type strains are underlined.
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Fig. 4 Phylogenetic relationship from fungal isolates of the Phylum Basidiomycota with the NeighbourJoining method. Numbers over the branches are bootstrap values (over 1000 repetitions). Fungal isolates of this
study are represented in bold. Type strains are underlined. Sakaguchia decryoides (type strain CBS 6353) was
used as out-group.
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TABLES
Table 1. Identification of fungal isolates isolated from biological patinas of this study.
Code
(Accession
number)
II2 (HQ026780)
II8 (HQ026781)
T21(HQ026779)
I1(HQ026798)
III10(HQ026799)
III12(HQ018878)
II6(HQ018877)
III13(HQ026777)
II4(HQ026785)
T11(HQ026807)
T23(HQ026792)
III1(HQ026787)
I10(HQ026791)
T12(HQ026788)
II1(HQ026783)
I2(HQ026784)
I13(HQ026790)
I7(HQ026789)
I9(HQ026786)
III2(HQ026793)
III3(HQ026794)
III5(HQ026795)
III11(HQ026796)
T22(HQ026797)
III9(HQ018879)
III6(HQ026806)
I11(HQ026778)
III16(HQ026782)
11(HQ026800)
15(HQ026801)
16(HQ026802)
17(HQ026803)
18(HQ026804)
19(HQ026805)

Blast

Morphological
identitya

Nearest neighbour
(Accession number)

Identity (%)

Trichoderma sp.
Trichoderma sp.
Trichoderma sp.
Alternaria sp.
Alternaria sp.
Mucor sp.
Mucor sp.
Mucor sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Cladosporium sp.
Cladosporium sp.
Cladosporium sp.
Aspergillus sp.
Aspergillus sp.
Epicoccum sp.
Penicillium sp.
Phomopsis sp.
Pestalotiopsis sp.
Aureobasidium pullulans
Rhodotorula glutinis var dairenensis
Rhodotorula glutinis var dairenensis
Rhodotorula glutinis var dairenensis
Rhodotorula mucilaginosa
Rhodotorula mucilaginosa

Trichoderma viride (EF417482)
Trichoderma atroviride (EF591763)
Trichoderma harzianum (AF399236)
Alternaria sp.(AY154697)
Alternaria tenuissima (AY154712)
Mucor hiemalis f. hiemalis (AY706241)
Mucor hiemalis f. hiemalis (AY706242)
Mucor hiemalis f. hiemalis (AY706241)
Fusarium sp. (FJ240316)
Fusarium sp. ( FJ240316)
Fusarium solani (EU029589)
Fusarium sp.(FJ240316)
Fusarium sp. (FJ240316)
Fusarium sp. (FJ240316)
Fusarium sp. (FJ240316)
Fusarium sp. (FJ240316)
Fusarium sp. (FJ240316)
Fusarium sp. (FJ240316)
Fusarium sp. (FJ240316)
Cladosporium sp. (EU810763)
Cladosporium sp. (FJ890368)
Cladosporium sp. (EU810763)
Aspergillus fumigatus (FJ824816)
Aspergillus niger (GQ382273)
Leptosphaerulina australis (EU754167)
Penicillium sp. (EF634408)
Phomas exigua (EU343365)
Pestalotiopsis sp.(DQ195795)
Aureobasidium pullulans (FJ150929)
Rhodotorula dairenensis (FM212448)
Rhodotorula dairenensis (FM212448)
Rhodotorula sp. (AY437842)
Rhodotorula mucilaginosa (EU642632)
Rhodotorula mucilaginosa (EF644445)

99
100
100
98
98
100
99
97
98
99
99
99
99
99
99
99
99
99
98
99
99
99
98
100
96
99
97
99
100
99
100
99
99
95

Site of recoveryb
A

B

C

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

a

According to Table 2.

b

As it was showed in Figure 1.
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Table 2. Description of phenotypic characteristics used for phenotypic-based identification.
Colony
margin
at 48 hrs
(mm)*

Colony
reverse
colour *

Conidia
first
observed
(hrs) at
29°C*

Colour
of spores

Isolates

Length of
spore (µm)

Width of
spore (µm)

Conidial
shape

Growth
at
72 hrs
(mm)a

II2

4.55 ± 0.37

4.55 ± 0.37

Spherical

21.00

11.00

Beige

96

II8

4.24 ± 0.36

4.29 ± 0.39

Spherical

Full
growth

16.75

Beige

T21

4.38 ± 0.48

4.38 ± 0.48

Spherical

Full
growth

34.00

I1

37.82 ± 13.94

11.10 ± 1.96

Ellipsoid

14.00

III10

33.03 ± 6.39

11.77 ± 1.43

Ellipsoid

III12

9.29 ± 0.32

5.30 ± 0.55

II6

9.87 ± 0.82

III13

Maximum growth at:
(mm)
pH 3.6

pH 5.6

pH 7.6

pH 9.6

Dark
green

Full growth

Full growth

33.5 ± 00

Full growth

96

Dark
green

Full growth

Full growth

Full growth

Full growth

Beige

72

Light
green

Full growth

Full growth

Full growth

Full growth

9.00

Dark gray

168

Gray

18 ± 00

20 ± 00

19.5 ± 00

17.75 ± 0.61

13.00

7.75

Dark gray

96

Dark
green

13.5 ± 00

19 ± 0.40

20.25 ± 0.61

18.5 ± 00

Ellipsoid

Full
growth

22.25

Light
green

96

Dark gray

Full growth

Full growth

Full growth

Full growth

5.29 ± 0.27

Ellipsoid

32.50

21.75

Light
green

96

Dark gray

Full growth

Full growth

Full growth

Full growth

10.56 ± 1.03

5.26 ± 0.34

Ellipsoid

30.25

21.25

Light
green

96

Dark gray

Full growth

Full growth

Full growth

Full growth

II4

17.46 ± 2.38

4.20 ± 0.46

Ellipsoid

23.25

13.25

Beige

120

White

21 ± 00

31.75 ± 0.61

31.5 ± 0.40

31.5 ± 0.40

T11

21.02 ± 3.18

5.19 ± 0.54

Ellipsoid

21.50

11.00

Beige

120

White

17 ± 00

29 ± 0.40

29.5 ± 00

29.5 ± 00

T23

29.95 ± 4.93

7.32 ± 0.79

Ellipsoid

9.75

4.75

Beige

120

White

11 ± 00

15 ± 0.81

15.5 ± 0.40

15 ± 00

III1

19.02 ± 2.79

5.78 ± 0.89

Ellipsoid

13.50

7.50

Beige

120

White

17.75 ± 0.61

22.25 ± 1.02

22.25 ± 1.02

22.25 ± 1.02

I10

34.72 ± 3.24

7.11 ± 2.05

Ellipsoid

16.50

8.00

Beige

144

White

19.5 ± 00

21.5 ± 0.40

21.5 ± 0.40

22.25 ± 0.65
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T12

23.12 ± 1.64

6.79 ± 0.56

Ellipsoid

21.00

11.00

Beige

120

White

18.5 ± 00

30.25 ± 1.42

31.5 ± 0.40

30.5 ± 0.40

II1

20.02 ± 6.72

5.89 ± 1.25

Ellipsoid

20.00

10.75

Beige

144

White

Full growth

Full growth

33.5 ± 00

Full growth

I2

19.43 ± 2.23

4.75 ± 0.46

Ellipsoid

22.00

13.25

White

96

Yellow

Full growth

Full growth

Full growth

Full growth

I13

25.21 ± 4.65

7.35 ± 1.49

Ellipsoid

6

3.25

Beige

168

White

Full growth

Full growth

Full growth

Full growth

I7

22.36 ± 2.03

4.74 ± 1.30

Ellipsoid

14

8.00

Beige

192

White

18 ± 00

20 ± 00

19.5 ± 00

17.75 ± 0.61

I9

20.58 ± 4.34

5.84 ± 0.62

Ellipsoid

7

3.75

Beige

144

Gray

13.5 ± 00

19 ± 0.40

20.25 ± 0.61

18.5 ± 00

III2

6.178 ± 0.78

3.72 ± 0.67

Ellipsoid

4.25

2.00

Dark green

120

White

Full growth

Full growth

Full growth

Full growth

III3

8.091 ± 3.25

4.08 ± 0.57

Ellipsoid

3.75

2.00

Dark green

120

White

Full growth

Full growth

Full growth

Full growth

III5

8.389 ± 1.18

4.64 ± 0.99

Ellipsoid

3.50

1.75

Dark green

120

green

Full growth

Full growth

Full growth

Full growth

III11

2.87 ± 0.24

2.87 ± 0.24

Spherical

17

9.50

White

120

Translucent

21 ± 00

31.75 ± 0.61

31.5± 0.40

31.5 ± 0.40

T22

5.44 ± 0.60

5.44 ± 0.60

Spherical

Full growth

12.25

Light green

96

Black

17 ± 00

29 ± 0.40

29.5 ± 00

29.5 ± 00

III9

5.11 ± 1.08

5.11 ± 1.08

Spherical

7.50

5.00

Dark red

284

Yellow

11 ± 00

15 ± 0.81

15.5 ± 0.40

15 ± 00

III6

3.41 ± 0.33

3.41 ± 0.33

Spherical

5.00

2.75

Light green

96

Dark green

17.75 ± 0.61

22.25 ± 1.02

22.25 ± 1.02

22.25 ± 1.02

I11

9.35 ± 2.97

2.92 ± 0.70

Ellipsoid

3.50

2.50

Beige

240

Gray

19.5 ± 00

21.5 ± 0.40

21.5 ± 0.40

22.25 ± 0.65

III16

19.60 ± 1.12

4.33 ± 0.20

Ellipsoid

10.50

6.00

Beige

168

White

18.5 ± 00

30.25 ± 1.42

31.5 ± 0.40

30.5 ± 0.40

a

Grown on PDA at 29ºC, pH 5.6.
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Table 3. Similarity coefficient (*Cs) of heterotrophic fungal community colonizing urban stone surfaces in Mexico City.
Site of recovery

Samples compared by generaa
A

B

A

1

B

0.22

1

C

C

0.44

0.66

1

Samples compared by families

A

B

C

A

1

B

0.22

1

C

0.75

0.54

1

*Cs = 2 (No of genera or families shared) / total of genera or families.
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