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Abstract

In our study, surface and environmental air samples from the historical buildings (houses, kiosks, Turkish
bath, khans, train station) in seven different locations were investigated for their fungal flora. Sampling
was performed in seven locations in Izmir (Bornova, Buca, Cesme, Foca, Karsiyaka, Konak and Tire)
in autumn and summer of 2009. Totally 192 isolates were obtained from the air and surface samples of
these places. Air samples were collected using a MAS-100 Microbial Air Sampler (Merck) and fungal
load were detected by using Rose Bengal Chloramphenicol Agar (RBCA, Merck). Biofilm samples
were obtained from different surfaces (stone, wood, plaster, marble, limestone, brick and paint). As a
result of our study, 25 genera related to Zygomycota, anamorph Ascomycota and teleomorph Ascomycota
were identified. Besides, Aspergillus sp., Penicillium sp., Phoma sp., Alternaria sp., Chaetomium sp.
and Cladosporium sp. were appeared the most frequently fungi genera. However, 6 isolates were not
identified. It was observed that Aspergillus sp. was at the first stage with frequency of 21.88% while
Penicillium sp. was at the second stage with 17.70%. In our study it was also shown that fungal load
was much more in autumn than in summer due to its high moisture content and optimum temperature.
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Izmir’de cesitli tarihi bolgelerin mikrofungal florasi

Ozet

Bu calismada Izmir’deki baz1 6nemli tarihi binalarda bulunan fungal flora incelenmistir. Ornekler, 2009
yilinin sonbahar ve yaz dénemlerinde izmir’deki yedi farkli lokasyondan (Bornova, Buca, Cesme, Foga,
Karsiyaka, Konak and Tire) toplanmistir. Bu lokasyonlarin hava ve yiizey 6rneklerinden toplam 192 izolat
elde edilmistir. Hava 6rnekleri MAS-100 Microbial Air Sampler (Merck) kullanilarak toplanmistir ve
fungal yiik Rose Bengal Chloramphenicol Agar (RBCA, Merck) kullanilarak belirlenmistir. Biyofilm
ornekleri ¢esitli yiizeylerden (tahta, tas, plastik, mermer, kiregtasi, tugla ve boya) alinmistir. Bu caligmanin
sonucunda Zygomycota, anamorf Ascomycota ve teleomorf Ascomycota’ya ait 25 genus bulunmusgtur.
Bunun yaninda, en sik rastlanilan fungus genuslari1 Aspergillus sp., Penicillium sp., Phoma sp., Alternaria
sp., Chaetomium sp. ve Cladosporium sp. olarak bulunmustur ancak 6 izolat tanimlanamamustir. Aspergillus
sp. %21,88 oranla en sik goriilen genus olmustur. Bunu %17,70 oranla Penicillium sp. izlemektedir. Ayn1
zamanda bu ¢aligsmada, yiiksek nem orani ve optimum sicakliga bagli olarak fungal yiikiin sonbahar
doneminde, yaz donemine gore ¢ok daha fazla oldugu gosterilmistir.

Anahtar kelimeler: Havali kaynakli funguslar, Ascomycota, Biyofilm, Biyokiitle, Mikrofunguslar
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Introduction

Cultural heritage provides positive
supplement to economy and tourism of a
country besides its high civilization expression.
Historical artifacts of our country vary widely
depending on past cultural wealth of our country.
The transfer of these well-preserved historical
monuments is an indispensable requirement for
continuation of cultural evaluation.

The three important factors influencing
the deterioration of monuments and
buildings belonging to the cultural heritage
are biodeterioration processes, atmospheric
deterioration and natural and anthropogenic
pollution (Herrera and Videla 2004).

Biodeterioration problems in historic
buildings are well recognized and during
the past decades the role of the microbes
in biodeterioration processes has been
acknowledged. Biodeterioration cannot
usually be related to single microbial groups;
rather, they are a result of complex microbial
interactions. After the microbiota contaminates
a historical site, they can initiate damaging
biodeterioration processes. Typically, although
microbes can colonize permanently on various
materials in historical sites, their damaging
activity is not constant, but rather periodical
(Saarela et al. 2004).

In the previous studies, fungi and bacteria
were determined from historical wood (Bjordal
et al. 1999; Blanchette et al. 1990; Blanchette
2000; Erickson et al. 1990.), mortar (Saarela
et al. 2004; Shirakawa et al. 2003), stone
(Crispim et al. 2004; Gaylarde and Gaylarde
2000; Krumbein 1988; Lamenti et al. 2000;
Lewis et al. 1988; Resende 1996), limestone
(Videla et al. 2000), glass (Gurtner et al. 2001),
frescos and wall paintings (Berner et al. 1997,
Gorbushina et al. 2004; Guglielminetti et al.
1994; Jeffries 1986; Karpovich-Tate and
Rebrikova 1990; Krumbein 1988; Saiz-Jimenez
and Samson 1981; Sampo and Luppi 1989;

Savulescu and Ionata 1971; Sorlini et al. 1987).

The purpose of our study was to characterize
fungal flora of some historical buildings belong
to 18" and 19" centuries in Izmir in this study.
Besides, the interaction between air and biofilm
samples was also investigated.

Material and methods

Sampling, isolation and counting

Sampling was performed in seven locations
(Fig. 1) such as Bornova, Buca, Cesme, Foca,
Karsiyaka, Konak and Tire in [zmir in autumn
and summer of 2009. Both airborne and biofilm
associated fungi were determined on the
historical monuments in these sites.

Air was sampled using a MAS-100
Microbial Air Sampler (Merck) for standard
90 mm petri dishes which contain Rose Bengal
Chloramphenicol Agar (RBCA, Merck) to
collect a 100-1 air sample. Visible biofilms
were collected from different surfaces (Stone,
wood, plaster, marble, limestone, brick and
paint) in the historical buildings. Sterile cotton
swabs moistened with sterile saline solution
were used to collect sample of the surfaces.
These samples were directly spread over the
RBCA agar surfaces for isolation.

The number of colony forming units (CFU)
in samples was calculated referring to the
table for the MAS-100 as per manufacturer’s
instructions. Numbers of fungi growing on
RBCA media were enumerated.

Identification of Fungi

Isolates with different colony morphologies
were selected from RBCA and inoculated onto
suitable growth media. The growth media and
incubation conditions were shown in Table 1.
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Figure 1. Sampling sites; N: North. I: Konak, II: Buca, III: Bornova, IV: Karsiyaka, V: Tire, VI: Cesme,
VII: Foca.

Table 1. Culture media used in the cultural identification and incubation conditions

Genera Medium Incubation condition
Aspergillus sp. Malt Extract Agar (MEA, Oxoid) 25°C, 7-10 days
Czapek Dox Agar (CDA, Oxoid) 25°C, 7-10 days
Czapek Yeast Agar (CYA, Oxoid) 25°C and 37°C, 7-10 days
Czapek Yeast Agar with 20% Sucrose (CY20S) 25°C, 7-10 days
Penicillium sp. Malt Extract Agar (MEA, Oxoid) 25°C, 7 days
Czapek Yeast Agar (CYA, Oxoid) 5°C, 25°C and 37°C, 7 days
25% Glycerol Nitrate Agar (G25N) 25°C, 7 days
Other genera Malt Extract Agar (MEA, Oxoid) 27°C, 7-10 days
Potato Dextrose Agar (PDA, Merck) 27°C, 7-10 days

A stercoscopic light microscope with a Results
magnification of 400x and 1000x was used
for identification of the fungi. The fungi were ~Quantitative analysis
identified due to their typical colony and conidia The number of airborne fungi detected in
morphology characters according to Pitt and the historical bu%ldin.gs in summer and autumn
Hocking (1985), Barnett and Hunter (1998), ‘ere presented in Fig 2.
Pitt (2000), Klich (2002), Watanabe (2002).
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Figure 2. Numbers of airborne fungi; I: Konak,
II: Buca, III: Bornova, I'V: Karsiyaka, V: Tire, VI:
Cesme, VII: Foca.
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In our study, it was shown that average
numbers of fungi in air were higher in autumn
than in summer. The highest number of airborne
fungi was detected in the sampling site VII (225
CFU m?), whereas the lowest number was
detected in the sampling site V (45 CFU m?)
(Fig. 2). Totally 192 different fungi and 25
genera were isolated both from air and biofilms.
The most dominant fungi were identified as
Aspergillus sp. (21.88%), Penicillium sp.
(17.71%), Phoma sp. (7.81%) and Alternaria
sp. (6.25%). 6 isolates obtained from various
samples were unidentified (Fig. 3).
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Figure 3. The range of isolated fungi genera.

Qualitative analysis

The results of qualitative analyses for air
and biofilm samples were shown in Table 4.
Fungi that were identified in our study belong
to Zygomycota, anamorphic Ascomycota and
teleomorphic Ascomycota. Aspergillus sp.,
Penicillium sp., Phoma sp., Alternaria sp.,

Chaetomium sp. and Cladosporium sp. were
the most dominant genera isolated from both
air and biofilm samples. The most dominant
species were identified as Aspergillus foetidus,
A. niger, Penicillium chrysogenum and P.
Jjanthinellum.
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Table 2. Fungi present in the air and biofilm samples of sampling sites.
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Fungi

1

11

111 v

A

B

A

B

A

B A B A

Acremonium sp.
Alternaria sp. X
A. alternata X
Aspergillus sp. X
A. awamori

A. candidus X
A. carbonarius

A. flavipes X
A. flavus

A. foetidus

A. fumigatus

A. niger

A. ochraceus

A. parasiticus X
A. pseudoglaucus X
A. sclerotiorum
A.terreus

A. versicolor

A. wentii X
Chaetomium sp.

C. cochliodes

C. gelasinosporum

C. indicum

C. spinosum
Chrysosporium sp.
Cladosporium sp. X
Collethotrichum sp

E. amstelodami

E. chaevalieri

Fusarium sp.

Mortierella sp.

Mucor sp.

M. circinelloides

M. hiemalis

Mycelia sterilia
Paecilomyces sp.

P. variabilis

Penicillium sp. X
P. chrysogenum X
P. commune

P. expansum X
P. glabrum X
P, italicum

P, janthinellum

P. miczynskii

P. oxalicum

P. roqueforti

P. waksmanii
Phialophora sp.

Phoma sp.

Rhizopus sp. X
R. stolonifer X
Scopulariopsis sp.

S. brevicaulis

Sordaria sp.

S. fimicola

Stachybotrys sp.
Stemphylum sp.
Trichoderma sp.

T. viride

Torula sp.

Ulocladium sp.
Verticillium sp.

X

X

X

>

X X
X

I: Konak, II: Buca, III: Bornova, IV: Karsiyaka, V: Tire, VI: Cesme, VII: Foca; A: isolated from air; B: isolated

from biofilm
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The results showed that the airborne and
biofilm samples had both similarities and
differences (Table 2). The fungal flora of biofilm
was more diverse than air samples. Many fungal
genera were isolated from both air and biofilm
(Acremonium sp., Alternaria sp., A. alternate,
Aspergillus sp., A. candidus, A. foetidus,
A. niger, A. parasiticus, A. sclerotiorum,
Cladosporium sp., Eurotium amstelodami,
Mucor sp., Mycelia sterilia, Penicillium sp.,
P. chrysogenum, P. italicum, P. janthinellum,
P. waksmanii, Phoma sp., Rhizopus stolonifer,
Stachybotrys sp., Ulocladium sp.) while some
of them were present in only air (Aspergillus
flavipes, A. fumigatus, A. pseudoglaucus, A.
wentii, Chrysosporium sp., Collethotrichum
sp., Fusarium sp., Mortierella sp., Penicillium
expansum, P. glabrum, P. roqueforti, Rhizopus
sp., Scopulariopsis brevicaulis and Stemphylum
sp.) or biofilm (Aspergillus flavus, A. awamori,
A. ochraceus, A. terreus, A. versicolor,
Chaetomium sp. and the other species of
this genus, Eurotium chaevalieri, Mucor
circinelloides, M. hiemalis, Paecilomyces
sp., P. variabilis, Penicillium commune, P.
miczynskii, P. oxalicum, Scopulariopsis sp.,
Sordaria sp., S. fimicola, Trichoderma sp., T.
viride, Torula sp. and Verticillium sp.)

Discussion

Besides their beneficial effects, fungi have
some harmful impacts such as mycotoxins,
pathogenicity, allergens, food spoilage and
biodeterioration of materials (Sterflinger
2010). In recent years, people in charge of
the conservation of cultural heritage objects
have become more aware of the problems
relating to microbial colonization and
biodeterioration. Physical and chemical
weathering, environmental pollutants and
presence of micro- and macro-organisms
represent the main agents responsible for the
deterioration of cultural heritage. The impact
of varying combination of physical, chemical
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and biological effects leads to an extent of
damage caused by biodeterioration at different
locations in a historical site ranging from
inconspicuous to obvious aesthetic and physical
and/or chemical damage (Lamenti 2000). In our
study, fungal flora of some historical buildings
(mosque, house, hostel, hammam) belonging to
14™h-19" centuries in Izmir which are important
historical centers were investigated. Air and
surface samples were collected from seven
sampling sites such as Bornova, Buca, Cesme,
Foca, Karsiyaka, Konak and Tire in autumn
and summer of 2009.

Guiamet et al. (2012) found that Aspergillus
sp. and Penicillium sp. were the most abundant
microorganisms since they can be easily
cultivated. They also detected Fusarium sp.,
Candida sp. and Rhodotorula sp. in their
samples. Irbe et al. (2012) revealed that they
identified commonly Antrodia, Gloeophyllum,
Athelia, Hyphoderma, Hyphodontia,
Pharenochaete, Postia and Botryobasidium
from their samples. In this study, 192 isolates
were characterized from both air and biofilm
samples. 25 of them belong to Zygomycota,
anamorphic and teleomorphic Ascomycota.
Among these fungi Aspergillus sp., Penicillium
sp., Phoma sp., Alternaria sp., Chaetomium sp.
and Cladosporium sp. were the most frequent
genera (Fig. 3). 6 isolates obtained from
various samples were not identified. Duncan
et al. (2010) expected that they would obtain
the highest level of airborne fungi in the end
of the summer. However, their results were
variable for summer and winter. Oliveira et
al. (2010) studied the effects of meteorological
conditions of Amares and Porto on fungal
growth. Cladosporium, Agaricus, Aspergillus/
Penincillium, Alternaria, Coprinus and rusts
were the most abundant fungi in their study.
They found the lowest values in winter while
the highest values were in Autumn. This was
compatible with our results as the highest value
was found in autumn (13.3%) while the lowest
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value was found in summer (2.7%) in our study
(Fig. 2). These results may be obtained due to
the weather condition in Izmir in Autumn and
Summer.

Saarela et al. (2004) studied air and biofilm
samples obtained from catacombs in some
locations in Italy. They reported that fungi
were more diverse in air than biofilm. In our
study, we also observed that fungi were more
abundant in air than biofilm as genera rates
were given in Fig. 3 and the species that were
found in air were given in results section.

In conclusion, characterization of the
microbiota including fungi colonized on
historical monuments and understanding of
complex biological interactions will provide
more information about biodegredation
processes. Besides, it will be useful for
the determination of biodegradative and
bioactive metabolites for further studies. This
investigation is essential to restrict damaging
microbial growth in terms of protecting the
historical artifacts in order to transfer our
historical wealth to next generations.

Acknowledgements

We would like to acknowledge funding
support through grants from the Adnan Menderes
University Research Fund Accountancy.

References

Barnett H.L. and Hunter B.B. (1998) [llustrated
genera of imperfect fungi. 4th edition, Amer
Phytopathological Society, St. Paul, Minnesota.

Berner M., Wanner G. and Lubitz W. (1997) A
comparative study of the flora present in
medieval wall paintings in the chapel of the
Castle Herberstein and in the Parish Church of
Saint Georgen in Styria, Austria. International
Biodeterioration and Biodegredation, 40 (1):
53-61.

Bjordal C.G., Nilsson T. and Daniel G. (1999) Microbial
decay of waterlogged archaeological wood found
in Sweden. International Biodeterioration and
Biodegredation, 43 (1-2): 63-73.

Blanchette R.A., Nilsson T., Daniel G. and Abad A.
(1990) Biological degradation of wood. In R.
M.Rowell and R. J.Barbour (ed.) Archaeological
wood: Properties, chemistry, and preservation,
Advances in Chemistry series 225, American
Chemical Society, Washington, D.C., pp. 141—
174.

Blanchette R.A. (2000) A review of microbial
deterioration found in archacological wood
from different environments. International
Biodeterioration and Biodegredation, 46: 189-
204.

Crispim C.A., Gaylarde C.C. and Gaylarde P.M.
(2004) Biofilms on church walls in Porto
Alegra, RS, Brazil, with special attention to
cyanobacteria. International Biodeterioration
and Biodegredation, 54 (2-3): 121-124.

Duncan S.M., Farrell R.L., Jordan N., Jurgens
J.A. and Blanchette R.A. (2010) Monitoring
and identification of airborne fungi at historic
locations on Ross Island, Antarctica. Polar
Science, 4: 275-283.

Erickson K.E., Blanchette R.A. and Ander P. (1990)
Microbial and enzymatic degradation of wood
and wood components. 1* ed., Berlin: Springer-
Verlag, pp. 407.

Gaylarde P.M. and Gaylarde C.C. (2000) Algae
and cyanobacteria on painted buildings in Latin
America. International Biodeterioration and
Biodegredation, 46 (2): 93-97.

Gorbushina A.A., Dornieden T., Krumbein D.E.,
Heyrman J. and Delvalle M.G. (2004) Bacterial
and fungal diversity and biodeterioration
problems in mural painting environments of
St. Martins Church, Germany. International
Biodeterioration and Biodegredation, 53 (1):
13-24.

Guglielminetti M., Morghen G., Radaelli A.,
Bistoni F. and Carruba G. (1994) Mycological
and ultrastructural studies to evaluate
biodeterioration of mural paintings. Detection
of fungi and mites in frescos of St Damian
in Asisi. International Biodeterioration and
Biodegredation, 46 (3): 269-283.

Guiamet P.S., Rosato V., Saravia S.G., Garcia A.M.



30

and Moreno D.A. (2012) Biofouling of crypts of
historical and architectural interest at La Plata
Cemetery (Argentina). Journal of Cultural
Heritage, 13: 339-344.

Gurtner C.S., Pinar G., Lubitz G. and Rolleke
S. (2001) Analysis of fungal communities on
historical church window glass by denaturing
gradient gel electrophoresis and phylogenetic
18S rDNA sequence analysis. Journal of
Microbiological Methods, 47 (3): 345-354.

Herrera L.K. and Videla H.A. (2004) The importance of
atmospheric effects on biodeterioration of cultural
heritage constructional materials. International
Biodeterioration and Biodegredation, 54 (2-3):
125-134.

Irbe 1., Karadelev M., Andersone I. and Andersons
B. (2012) Biodeterioration of external wooden
structures of the Latvian cultural heritage.
Journal of Cultural Heritage, 13: 79-84.

Jeffries P. (1986). Growth of Beauveria alba on
mural paintings in Canterbury Cathedral.
International Biodeterioration, 22 (1): 11-13.

Karpovich-Tate N. and Rebrikova N.L. (1990)
Microbial communities on damaged frescoes
and building materials in the cathedral of
the Nativity of the Virgin in the Pafnutii-
Borovski Monastery, Russia. International
Biodeterioration, 27 (3): 281-296.

Klich M.A. (2002) Identification of Common
Aspergillus Species. 1st edn. Utrecht, The
Netherlands.

Krumbein W.E. (1988) Microbial interactions with
mineral materials. In Biodeterioration 7, p. 78-
100.

Lamenti G., Tiano P. and Tomaselli L. (2000)
Biodeterioration of ornamental marble statues
in the Boboli Gardens (Florence, Italy). Journal
of Applied Phycology, 12 (3-5): 427-433.

Lewis F.J., May E. and Brevery A.F. (1988)
Metabolic activity of bacteria isolated from
building stone and their relationship to stone
decay. Biodeterioration, 7: 107-112.

Oliveira M., Ribeiro H., Delgado L., Fonseca
J., Castel-Branco M.G. and Abreu I. (2010)
Outdoor Allergenic Fungal Spores: Comparison

Sahiner and Biyik / IUF'S Journal of Biology 2013, 72(1):23-31

between an urban and rural area in Northern
Portugal. Journal of Investigational Allergology
and Clinical Immunology, 20: 117-128.

Pitt I.J. and Hocking D.A. (1985) Fungi and Food
Spoilage. Academic Press, London.

Pitt 1.J. (2000) A Laboratory Guide to Common
Penicillium Species. 3rd edn. North Ryde,
N.S.W., Australia.

Resende M.A., Resende G.C., Viana E.M., Becker
T.W. and Warscheid T. (1996) Acid production
of fungi isolated from stones of historical
monuments in the state of Minas Gerais,
Brazil. International Biodeterioration and
Biodegredation, 37: 125.

Saarela M., Alakomi H.L., Suihko M.L., Raaska
R. and Sandholm T.M. (2004) Heterotrophic
microorganisms in air and biofilm samples from
Roman catacombs, with special emphasis on
actinobacteria and fungi. International Biode-
terioration and Biodegredation, 54 (1): 27-37.

Saiz-Jimenez C. and Samson R.A. (1981)
Microorganism and environmental pollution
as deteriorative agents of the frescoes of the
monastery of Santa Maria de la Rabida, Huelva
Spain. ICOM Meeting Report 5-14.

Sampo S. and Luppi A.M. (1989) A study of the
fungi occurring on 15th century frescoes in
Florance, Italy. International Biodeterioration,
25 (5): 343-353.

Savulescu A. and Ionata 1. (1971) Contribution to
the study of the biodeterioration of the works of
art and historic monuments. Revue Roumanie de
Biologie serie de Botanique, 16 (3): 201-206.

Shirakawa M.A., Beech L.B., Tapper R., Cincotto
M.A. and Gambale W. (2003) The development
of a method to evaluate bioreceptivity of indoor
mortar plastering to fungal growth. International
Biodeterioration and Biodegredation, 51 (2):
83-92.

Sorlini C., Sacchi M. and Ferrari A. (1987)
Microbiological deterioration of Gambara’s
frescos exposed to open air Brescia, Italy.
International Biodeterioration, 23 (3): 167-179.

Sterflinger K. (2010). Fungi:Their role in
deterioration of cultural heritage. Fungal Biology



Sahiner and Biyik / IUF'S Journal of Biology 2013, 72(1):23-31 31

Reviews, 24: 47-55. Watanabe T. (2002) Soil and Seed Fungi. In

Videla H.A., Guiamet P.S. and Saravia S.G. (2000) Morphologies of cultured fungi and key to
Biodeterioration of Mayan archaeological sites species. Lewis Publishers, Boca Raton, Boston,
in the Yucatan Peninsula, Mexico. International London, Washington D.C.

Biodeterioration and Biodegredation, 46 (4):
335-341.






