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As a result of their unpredictable ability to adapt to var-
ying environmental conditions, microorganisms inhabit
different types of biological niches on Earth. Owing to
the key role of microorganisms in many biogeochemical
processes, trends in modern microbiology emphasize the
need to know and understand the structure and function
of complex microbial communities. This is particularly
important if the strategy relates to microbial communi-
ties that cause biodeterioration of materials that consti-
tute our cultural heritage. Until recently, the detection
and identification of microorganisms inhabiting objects
of cultural value was based only on cultivation-depend-
ent methods. In spite of many advantages, these meth-
ods provide limited information because they identify
only viable organisms capable of growth under standard
laboratory conditions. However, in order to carry out
proper conservation and renovation, it is necessary to
know the complete composition of microbial communi-
ties and their activity. This paper presents and character-
izes modern techniques such as genetic fingerprinting
and clone library construction for the assessment of mi-
crobial diversity based on molecular biology. Molecular
methods represent a favourable alternative to culture-
dependent methods and make it possible to assess the
biodiversity of microorganisms inhabiting technical ma-
terials and cultural heritage objects.
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INTRODUCTION

Biosphere is dominated by microorganisms and the
total number of microbial cells on Earth is estimated to
be approximately 4-6xX10%. As a result of their unpre-
dictable ability to adapt to varying environmental condi-
tions, microorganisms can occur in all biological niches
on Earth, from terrestrial environments to the oceans.
They play a crucial role in ecological and biogeochemical
processes (Simon & Rolf, 2011).

It is an established knowledge that microorganisms
(bacteria, cyanobacteria, archaea and fungi) cause de-
terioration of various materials, particularly if they are
historical objects exposed to changing environmen-
tal conditions such as moisture, temperature, pH and
light (Michaelsen ez al, 2006). Microorganisms inhabit-
ing historical objects can induce unsightly discoloration
of building material and mural paintings, formation of

crusts and biofilms, biomineralization and degradation of
organic and inorganic materials (De Felice ef al., 2010).
Their mechanisms of action concern acid and alkali pro-
duction, alteration of surface properties, heat absorption,
increased water retention and direct penetration into the
stone structure (Kiel & Gaylarde, 2006). For the correct
restoration and conservation, it is important to detect
and identify microbial communities inhabiting historical
objects and monuments. Thus, in the first step, major
questions have to be asked: (i) what types of microot-
ganisms are present in the sample? (i) what are the func-
tions of these microorganisms? (iif) how do these micro-
organisms respond to alternation in environmental con-
ditions? (iv) what is the relationship between functions
of microorganisms and their environment? Answers to
these key questions allow us to understand the structure
and function of complex microbial communities, and, as
a result, choose appropriate strategies for restoration and
maintenance of cultural heritage objects (Handelsman,
2004). Therefore, the biodiversity analysis of microbial
communities colonizing cultural heritage objects is based
on a number of techniques such as microscopy, culture
methods and biochemical tests.

For a long time, culture-dependent methods have
been used to detect and identify microorganisms inhab-
iting historical buildings and monuments. Culture-based
approaches are a powerful tool for understanding the
physiological and biochemical potential of isolated or-
ganisms, however they do not provide information on
the diversity of complex microbial communities. This
is due to the fact that only 0.1--1% of microorganisms
present in the natural environment can be assessed by
using conventional culture-dependent methods that al-
low isolation of only viable and culturable organisms
under standard laboratory conditions (Schabereiter-Gurt-
ner et al, 2001). A vast majority of metabolically active
strains (approximately 99%) occurs in the environment
in the state of anabiosis, being viable but non-culturable
(VBNC). Non-culturable microorganisms fall into one
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of the three groups: (i) obligate symbiotic and parasitic
organisms unable to grow on microbiological media; (ii)
known species, in the identification of which culture-de-
pendent methods prove to be inadequate; (iii) unknown
species that have never been grown before, due to the
lack of appropriate methods (Ripka ez a/., 2000).

The VBNC state can be attained in the aging process
and it may also be caused under conditions of environ-
mental stress. Additionally, in the case of pootly known
microorganisms, it is necessary to provide specific nutti-
tional requirements, which is often associated with prob-
lems in defining the composition of the culture medium.
Culture media used to isolate environmental microbes
include saccharides, proteins and vitamins in concentra-
tions which have never occurred under environmental
conditions. They enable the development of fast-grow-
ing species and production of valuable metabolites, and
shorten the incubation time, but on the other hand, they
hinder the development of microorganisms in the eco-
system. Difficulties in isolation of such organisms rep-
resent a significant reduction in a biodiversity analysis of
complex ecosystems, such as historical buildings. There-
fore, several authors have proposed solutions involving
culture-independent techniques to solve the problem of
detecting and identifying these types of microorganisms
in the natural environment (Gonzalez & Saiz-Jimenez,
2005)

Since the majority of microorganisms in natural sam-
ples cannot be cultured according to standard procedures
and the culture-dependent methods provide only lim-
ited information on the biodiversity of microorganisms
thriving on cultural heritage objects, molecular methods
are essential tools for analysing microbial communities
(Gonzalez et al., 2003).

Recently, increasing attention is paid to a new field
of science — metagenomics, which over the past decade
has revolutionized biological sciences, including micro-
biology. The term metagenomics was used in scientific
literature for the first time by Handelsman in 1998 and
it referred to a study of a complex microbial population
at the molecular level (Deja-Sikora e al, 2007). At pre-
sent, the term metagenomics refers to a study of genetic
material isolated directly from an environmental sample,
whereby it is possible to analyse all of the microorgan-
isms from the sample, including the non-culturable ones.

This paper describes current molecular techniques that
are applied in biodiversity studies of microbial communi-
ties on cultural heritage objects.

MOLECULAR DETECTION OF MICROORGANISMS

Isolation of nucleic acids and amplification of target
genes

Extraction of nucleic acids from a sample is often
the first step in the detection and identification of mi-
croorganisms in complex ecosystems by using molecular
analysis. However, small amount of material for analysis
(ess than 1 mg) is a major problem in the identification
of microorganisms responsible for the biodeterioration
of historical objects in particular. In addition, numerous
sample contaminants greatly hinder analysis and delivery
of reliable results (Ripka e al, 20006). Therefore, most
molecular strategies are based on PCR-amplification of
specific target genes (fRNA genes) in order to obtain a
large number of copies of DNA fragments (Gonzalez &
Saiz-Jimenez, 2005). The most common molecular mark-
ers used for identification are genes that encode small
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Figure 1. General scheme of the molecular approach in the
analysis of microbial community structure.

subunit ribosomal RNA (rRNA): 16S rRNA for prokary-
otes and 185 rRNA for eukaryotes (Gonzalez & Saiz-
Jimenez, 2005; Dakal & Arora, 2012). These genes are
considered to be the go/d standard and have been used ex-
tensively in molecular detection and identification of mi-
croorganisms in environmental samples, because: (i) they
are ubiquitous in all prokaryotic and eukaryotic organ-
isms; (ii) they are structurally and functionally conserved;
and (iii) they possess both, highly conserved and vari-
able regions (Rastogi & Sani, 2011). Based on analyses
of these rRNA genes, cellular life has been classified into
three primary domains: one eukaryotic (Eukarya) and
two prokaryotic (Bacteria and Archaea) (Rastogi & Sani,
2011). The 16S rRNA gene contains nine hyper-var-
iable regions flanked by relatively conserved regions in
the primary and secondary structures (Shah ez al, 2011;
Neelakanta & Sultana, 2013).

An analysis of nucleotide sequences of the 16S trRNA
genes allowed the detection and identification of bacte-
ria present in mural paintings in St Martin’s Church in
Germany (Gurtner ¢f al., 2000; Gotrbushina e al., 2004),
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Saint Catherine Chapel of Castle Herberstein in Austria
(Gurtner e al., 2000), Crypt of the Original Sin in Italy
(Nugari et al., 2009), Santissima Annuziata in Italy (Mil-
anesi ¢ al., 2000), and those forming a biofilm on the
surface of stones from the Catacombs of St Callixtus in
Italy (De Leo e al, 2012), Necroplis at Tarquinia in It-
aly (Alisi ez al., 2011), Roman Necropolis at Carmona in
Spain (Smerda et al., 2006) and the Egyptian Tombs in
the East Nile Delta in Egypt (Abdel-Haliem ez a/., 2013).

Molecular marker most commonly used for the iden-
tification of molds is internal transcribed spacer (ITS)
region located between 18S and 28S rRNA which con-
sists of internal non-coding regions ITS1, ITS2 and 5.8S
rRNA gene. This region comprises both, highly con-
served regions (5.8S), showing similarity even between
evolutionarily distant organisms and sequences with high
genetic variability (ITS regions), so they can be success-
fully used in determining genera and species. In addition,
the ITS regions are of particular importance in molecu-
lar diagnostics of molds, because they are present in all
fungi in a large number of copies, which increases the
sensitivity and specificity of the PCR reaction (Ciardo e#
al., 2007, 2010; Atkins & Clark, 2004).

PCR products amplified from environmental DNA
can be analysed by (i) genetic fingerprinting, (ii) clone
library methods, or (iii) by combination of these tech-
niques (Fig. 1) (Rastogi & Sani, 2011).

CLONE LIBRARY CONSTRUCTION METHOD

Construction of a clone library is the most widely
used method to analyse PCR products (such as 16S or
18S rRNA genes) amplified from an environmental sam-
ple. A metagenomic analysis of a microbial community
by constructing gene libraries includes: (i) isolation of
metagenomic DNA; (ii) fragmentation and insertion of
DNA into appropriate vectors; (iii) DNA cloning and
transformation into suitable host cells; iv) screening of
the clone library, and (v) bioinformatics analysis (Mocali
& Benedetti, 2010). An important step in the construc-
tion of DNA libraries is the choice of suitable vectors
and host strains. In the construction of gene library, it is
better to use large fragments to minimize the number of
clones. When DNA is to be amplified by PCR, greater
attention is paid to DNA yield, rather than size (Miller
et al., 1999; Mocali & Benedetti, 2010). Thus, clone li-
braries can be distinguished and qualified based on size:
bacterial plasmids (if the insert is less than 20 kb), cos-
mids and fosmids (if the insert size ranges from 25 to
35 kb) or bacterial artificial chromosome (BAC) vectors
(if the insert is more than 40 kb). Another important
part of constructing gene libraries is the selection of a
suitable host strain. Escherichia coli is the most preferred
host for cloning and expression of any metagenome-de-
rived genes. However, recently, other host strains such
as Streptomyces lividans, Rhbizobinm leguminosarum and Pseu-
domonas aernginosa have been also used for the detection
of bioactive compounds (Streit & Schmitz, 2004; Mocali
& Benedetti, 2010).

Analysis of metagenomic libraries can be performed
by identification of clones having a desired function or
carrying a specific sequence. The first approach relates
to genes encoding enzymes or metabolites and does not
require sequencing. The second approach allows speci-
fication of biodiversity by 16S rRNA gene analysis by
using bioinformatic tools and involves screening of the
derived clones and then their sequencing (Deja-Sikora ez
al., 2007; Mocalli & Benedetti, 2010). Screening of 16S

tRNA library is a costly and time-consuming process.
Therefore, in order to simplify and shorten these pro-
cedures, standard screening strategies rely on an analysis
of a number of clones with the use of molecular finger-
printing methods (Gonzalez ez al., 2003).

A metagenomic analysis based on construction of
gene libraries was successfully used in the identification
of microorganisms (bacteria, cyanobacteria, fungi) inhab-
iting artistic tiles from Pena National Palace in Sintra,
Portugal. PCR products were cloned into TOPO vector
and clone representatives were sequenced to determine
their phylogenetic affiliations. Then, the obtained se-
quences were clustered into operational taxonomic units
(Coutinho ez al., 2013). Construction of 16S rRNA gene
library strategy was also applied in the analysis of bio-
diversity of epilithic and endolithic bacterial communi-
ties in limestone from a Maya archaeological site. In this
case, gene library was also constructed based on TOPO
vector. Nucleotide sequences from the clones thus ob-
tained were compared to the GenBank database using
BLAST (McNamara e al., 2000).

FINGERPRINTING TECHNIQUES AND THEIR
APPLICATION IN BIODETERIORATION STUDIES

Genetic fingerprinting includes techniques based on
electrophoretic analysis of PCR products amplified from
metagenomic DNA. Currently, there are several molecu-
lar biology methods used to obtain microbial fingerprints
from environmental samples: DGGE/TGGE (dena-
turing/temperature gradient gel electrophoresis), SSCP
(single strand conformation polymorphism), ARDRA
(amplified TDNA restriction analysis), T-RFLP (terminal
restriction fragment length polymorphism), and ARISA
(automated ribosomal intergenic spacer analysis). In addi-
tion to the detection of microbial cells, fingerprinting ap-
proaches also allow for the determination of profiles of
quantitative changes in the composition of an ecosystem,
but they do not provide direct taxonomic identifications
(Table 1) (Rastogi & Sani, 2011). Genetic fingerprint-
ing is a rapid and useful method for studying diversity
in microbial communities, including non-culturable and
inactive microorganisms (Gurtner ez al, 2000; Gonzalez
& Saiz-Jimenez, 2005; Dakal & Arora, 2012).

Procedure starts with DNA isolation, then a gene is
amplified (16S rRNA, 18S rRNA, 23S rRNA, IGS re-
gion), and in the final stage, the PCR product is analysed
by electrophoresis in an agarose or polyacrylamide gel.
This leads to the so-called fingerprint, i.c. a characteristic
pattern of bands, compared with databases in the course
of further research (Muyzer, 1999; Rastogi & Sani, 2011).

Denaturing or temperature gradient gel electrophoresis

Denaturing or temperature gradient gel electrophoresis
are molecular techniques most commonly used in stud-
ies of microorganisms associated with biodeterioration
of monuments and artworks (Schabereiter-Gurtner ez al.,
2001; Ripka e al., 2006; Gaylarde ez al., 2012).

In denaturing gradient gel electrophoresis (DGGE),
the PCR-amplified molecular markers (16S rRNA or
18S tRNA genes) are separated in polyacrylamide gels
containing a linearly increasing gradient of denatur-
ants such as urea and formamide. In these methods,
DNA fragments of equal length, but with different
base-pair sequences can be separated (Muyzer et al.,
1993; Muyzer & Smalla, 1998). Temperature gradi-
ent gel electrophoresis (TGGE) relies on the same
principle as DGGE, except that temperature gradient
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is used instead of a mixture of urea and formamide
(Rastogi & Sani, 2011). Migration of DNA fragments
in DGGE and TGGE is based on the electrophoretic
mobility of a partially melted DNA molecule in the
polyacrylamide gel. Melting of the double-stranded
DNA occurs in domains and is depended on the nu-
cleotide sequence. When the melting domain with the
lowest melting temperature reaches a particular posi-
tion in the polyacrylamide gel, a transition of helical
to partially melted molecule occurs, and the molecule
practically stops migrating at different positions in the
gel. Differences in the nucleotide sequences of the
DNA fragments studied determine differences in melt-
ing temperatures of particular domains within a frag-
ment, and thus a difference in the migration distance
of DNA molecules during electrophoretic separation
(Muyzer et al., 1993; Muyzer & Smalla, 1998; Muyzer,
1999; Wieckowicz, 2009). The DGGE or TGGE tech-
niques allow the detection of approximately 50% of
differences in sequence of fragments up to 500 bp.
By using GC-tailed (30—50 bp) primers, this percent-
age can be increased to approximately 100%. The
GC-clamp facilitates stabilization of migration of the
DNA fragments during denaturing or temperature
gradient gel electrophoresis (Muyzer & Smalla, 1998).
The main advantage of this fingerprinting strategy is
that bands can be excised from the polyacrylamide
gel, re-amplified and sequenced to reveal the phylo-
genetic affiliation of a community member. However,
the main limitation of this method is that it separates
only relatively short fragments of up to 500 bp, which
may cause difficulty in interpreting results. Here, sig-
nificant problems include too many DNA fragments
and similar melting points for different DNA frag-
ments (Muyzer & Smalla, 1998; Rastogi & Sani, 2011).

The DGGE/TGGE techniques have been applied to
evaluate the structure of microbial communities consist-
ing of bacteria (Rélleke ef al, 1996; Gurtner e/ al., 2000;
Schabereiter-Gurtner ¢ al., 2001; Gorbushina ez a/., 2004;
Ripka ez al, 2006; Pifar ez al, 2009, 2013; Gaylarde e
al., 2012), cyanobacteria (Cappitelli e7 a/, 2009; Gaylarde
et al., 2012), archaca (Rolleke ef al, 1998; Pifar et al,
2001a,b) and fungi (Carmona ez al, 2006; Schabereiter-
Gurtner e/ al, 2001; Giacomucci ¢/ al, 2011). Several
authors have used these methods to study the biode-
terioration of wall paintings (Rolleke ez @/, 1996, 1998;
Gurtner e/ al, 2000; Schabereiter-Gurtner e al, 2001;
Gorbushina e al, 2002; Ripka et al, 2006), prehistoric
cave paintings (Schabereiter-Gurtner ¢f al., 2001), stained
window glasses (Carmona ef al., 20006; Pifiar et al., 2013),
and monuments (Saiz-Jimenez & ILaiz, 2000; Pifar ez al,

2009; Gaylarde e# al., 2012).

Amplified ribosomal RNA restriction analysis

Amplified ribosomal RNA restriction analysis (AR-
DRA) is based on a principle that the recognition site
of restriction enzymes is different for different micro-
bial species (Cetecioglu ez al, 2012). In the first step,
ribosomal RNA genes (16S tfRNA or 185 rRNA) are
amplified by PCR from environmental DNA as a tem-
plate. PCR products are digested into specific DNA
fragments with tetracutter restriction endonucleases.
Restriction fragments are then separated on agarose
or polyacrylamide gels (Rastogi & Sani, 2011; Sklarz ez
al., 2011; Cetecioglu et al, 2012). ARDRA is a useful
method for rapid monitoring of microbial communi-
ties over time, or comparing biodiversity in response
to changing environmental conditions. Sometimes it

is not possible to separate the restriction profiles ob-
tained from microbial communities by agarose or poly-
acrylamide electrophoresis (Rastogi & Sani, 2011). One
of the major limitations of ARDRA is that it provides
little or no information about the type of microorgan-
isms present in the sample (Gich ef 4/, 2000). The AR-
DRA method was used to evaluate the biodiversity of
cyanobacteria on stone monuments in the Boboli Gar-
dens in Florence (Tomaselli ez a/, 2000). In the detec-
tion of microorganisms forming a biofilm on Bayon
temple sandstone of Angkor Thom, Cambodia (Lan ef
al., 2010) and those causing discolouration of the walls
of Palazzo De Francesco in Campania, Italy (De Fe-
lice et al., 2010) the ARDRA technique was used in the
screening of 16S and 18S rRNA clones library with ap-
propriate restriction enzymes (e.i. Rsal, Mspl). Follow-
ing this, the clones showing identical restriction profiles
were grouped into operational taxonomic units (OTUs).
Moreover, clones representing cach distinct ARDRA
pattern were sequenced, which further allowed for the
identification of microorganisms.

Terminal restriction fragment length polymorphism

Terminal restriction fragment length polymorphism
(T-RFLP) is often used to supplement the ARDRA
technique. Similarly, as in the case of amplified ribo-
somal RNA restriction analysis, the T-RFLP protocol
involves amplification of the 16S tRNA gene by using
the PCR method. The major difference from ARDRA
is that one or both primers used during the PCR re-
action are 5-fluorescently labelled (Liu ez al, 1997,
Wigckowicz, 2009). Amplified target genes are digest-
ed with restriction enzymes and the obtained terminal
restriction fragments (TRFs) are separated by using
capillary or polyacrylamide gel electrophoresis in an
automated DNA sequencer. Only the terminally fluo-
rescently labelled restriction fragments are detected,
which greatly simplifies restriction profiles and allows
the analysis of the structure of microbial communi-
ties (Muyzer, 1999; Rastogi & Sani, 2011; Cetecioglu
et al., 2012). Biodiversity of a microbial community is
estimated by analysing the number, size, and peak’s
height of resulting terminal restriction fragments (Ras-
togi & Sani, 2011). To determine the qualitative struc-
ture of the microbial population, the resulting image
is compared with specially configured databases. Ow-
ing to the technique, it was possible to differentiate
very closely related microorganisms present on mural
paintings in Church of San Giacomo Maggiore in Bo-
logna (Capodicasa e al., 2010).

Single strand conformation polymorphism

Single strand conformation polymorphism (SSCP) is
based on separation of the same-length DNA fragments
according to their differences in mobility in polyacryla-
mide gel caused by differences in the secondary structure
of folded DNA. PCR products are denatured and this
is followed by electrophoretic separation in a non-dena-
turing polyacrylamide gel (Cetecioglu et al, 2012). The
SSCP method does not requite GC clamped primers and
gradient gel. Therefore, compared to other fingerprinting
methods, this technique is simple and straightforward
(Rastogi & Sani, 2011). One of the disadvantages of
SSCP is separation of only small DNA fragments rang-
ing from 150 to 400 bp. Moreover, a single-strand DNA
sequence can form more than one stable conformation
and this fragment can be represented by multiple bands
(Rastogi & Sani, 2011; Cetecioglu ez al, 2012).
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Automated ribosomal intergenic spacer analysis

Automated ribosomal intergenic spacer analysis (ARI-
SA) is a high resolution, culture-independent method
suitable for an analysis of biodiversity and richness of
microbial communities. Developed by Fisher and Tri-
plett (1999), the PCR fingerprinting technique is based
on the size and nucleotide sequence vatiability of the in-
tergenic spacer region (IGS) present between the small
(16S) and large (23S) ribosomal subunits (Cardinale ez a/,
2004; Popa ef al., 2009). The IGS fragments are analysed
by an automated capillary electrophoresis system con-
taining a laser detector. The main limitation of ARISA
is a large number of peaks in the case of using “univer-
sal primers”. In addition, it is very difficult to interpret
results for fingerprints obtained for uncultured microor-
ganisms (Popa e al, 2009). The ARISA technique was
applied by Cuzman and coworkers (2010) to study the
species structure of biofilms formed in historic fountains
in Italy and Spain.

DNA SEQUENCING

Sequence of nucleotides in nucleic acid molecules is
determined by sequencing which is the most accurate
method for determining the identity of a PCR product.
The Sanger’s method, also referred to as the chain termi-
nation method, is the most common. The starting ma-
terial in this technique includes identical single-stranded
DNA molecules, suitable primers and hydroxyl group-
free dideoxynucleotides (ddNTP), which means that af-
ter being incorporated into the synthesized strand, they
prevent its further extension. In this method, DNA frag-
ments obtained are of different lengths, and they are
separated by electrophoresis, while bands corresponding
to individual products of termination are displayed by ra-
diography (Mecler & Nawrot, 2007; Raszka ez al, 2009).

Currently, there are several methods to increase the
efficiency of sequencing that are much faster and less
expensive than Sanger’s technique. The next-generation
DNA  sequencing techniques (NGS) have revolution-
ized microbial ecology and genomics, and allow to in-
vestigate phylogenetic composition and functional diver-
sity of environmental microbial communities (Rastogi &
Sani, 2011). Pyrosequencing is one of the next-genera-
tion DNA sequencing techniques based on the detec-
tion of a pyrophosphate molecule (PPi) released during
the DNA synthesis. dNTPs added sequentially trigger a
cascade of enzymatic reactions, resulting in light emis-
sion, the intensity of which depends on the amount of
released pyrophosphate. In the first stage, polymerization
of nucleic acid occurs, resulting in the release of PPi.
This compound is then converted to ATP by the action
of the sulfurylase enzyme. The energy obtained in this
way is used in the next step — oxidation of luciferin
in a reaction catalysed by the luciferase enzyme, which
is accompanied by light emission. Tracking which of the
dNTPs was added allows determination of the template
sequence (Mecler & Nawrot, 2007; Ronaghi, 2013).

BIOINFORMATIC TOOLS AND DATABASES USED IN
METAGENOMICS

From the point of view of detection and identifica-
tion of microorganisms inhabiting museum objects, nu-
cleotide databases play a key role. Determination of a
sequence homology between an investigated product
and thousands of sequences collected in public (National

Center for Biotechnology Information NCBI, GenBank),
or commercial databases is possible by using suitable
computer programs, such as BLAST which is among the
most widely used ones (Mecler & Nawrot, 2007). The
BLAST algorithm is a heuristic program which performs
“local” alignments, based on shortcuts, and its task is to
conduct a quick search (Tatusova & Madden, 1999).

FUTURE PERSPECTIVES

During the last decades, strategies to evaluate bio-
deterioration of historical objects have adopted many
molecular biology techniques developed from other sci-
ences, in particular microbial ecology and clinical anal-
yses, for the detection of microorganisms. Despite the
fact that the continuous improvement of various genetic
and bioinformatic tools enables precise determination of
not only the structure of microbial populations present
in complex ecosystems in an ever shorter time, but also
the roles of microbes in the environment, it is still im-
possible to avoid many of the difficulties in the analyses.
However, the unquestionable advantage of applying mo-
lecular methods in the studies of microbial communities
is that they enable the detection and identification of vi-
able but non-culturable microorganisms, especially if we
look for causes and microorganisms potentially respon-
sible for biodeterioration of valuable historical objects
for the sake of their proper maintenance and protection.
However, one should not forget about the culture-de-
pendent methods that despite many limitations are still
required to study the physiology and metabolism of mi-
croorganisms. The molecular methods described herein
are only a small section of the techniques used in the bi-
odiversity analysis of microorganisms inhabiting objects
of historical significance.
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