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ABSTRACT. Caves are considered major touristic attractions. The
management plans of many such caves include limiting the number of
visitors; however, the human impact on microbial communities within
caves is rarely considered. Therefore, the aim of this study was to
evaluate the impact of human-transferred organic matter on the fungal
microcosms growing on cave sediments. Samples were collected from
a Brazilian limestone cave and cultured with 0.25 or 0.5% 1:1 (w/w)
beef and yeast extract (simulating organic matter) under laboratory
conditions. The contaminated fungal community was then evaluated
at days 0, 30, 180, and 365 after inoculation by polymerase chain
reaction denaturing gradient gel electrophoresis. We observed changes
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in the fungal communities with time, as well as the concentration of added
organic matter, compared to the control fungal communities. Additionally,
the contaminated microcosms showed a greater number of operational
taxonomic units compared to the controls. These findings suggest that
tourist activity could cause fungal outbreaks of possible human pathogens,
demonstrating the importance of fungal monitoring in these caves.
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INTRODUCTION

Caves are major tourist attractions worldwide that allow people to explore the subterranean
regions of the earth. However, tourism has been shown to negatively impact the environmental
factors within the cave, including the temperature, CO, concentration, and organic matter and
microorganism content (Sebela et al., 2013; Mulec, 2014). Specifically, the development of
microbial bloom in caves is extremely difficult to control and recover from (Mulec and Kosi,
2009; Jurado et al., 2010b); moreover, microbial bloom affects the attractiveness of the cave,
influencing tourism, and could also be responsible for cave closure, due to the risk to human
health and cave conservation (Jurado et al., 2010b; Saiz-Jimenez et al., 2011).

Fungi are commonly associated with caves that are tourist attractions or those with high
organic matter (Nieves-Rivera et al., 2009; Novakova, 2009). Uncontrolled and widespread
fungal growth is responsible for the temporary closure of several tourist caves, necessitating
biocide treatment to eliminate the targeted fungi as well as several native microorganisms of
these caves (Bastian et al., 2009, 2010; Jurado et al., 2010b; Martin-Sanchez et al., 2012b). These
measures are taken to avoid risk to human health; however, not enough information is available
regarding the effect of tourism on cave microorganisms, as a majority of the studies compare
the microbial bloom in the tourist and non-tourist parts of the cave or among caves in the same
area (Chelius and Moore, 2004; Adetutu et al., 2011). Therefore, the data could be misinterpreted
because of the natural variations in the cave or among different caves. Therefore, the aim of this
study was to evaluate the effect of organic matter enrichment on the fungal community colonized
in the microcosm sediment in the organic matter-enriched Manoel l0i6 cave.

MATERIAL AND METHODS
Sampling and microcosm preparation

Sediment samples were collected from the Manoel 1016 cave (12°20'9.96"S,
41°33'50.04"W) located in Iraquara, Bahia, Brazil (SISBIO authorization No. 38453). Samples
were collected within the cave, 500 m from the entrance. Five subsamples collected 1 m apart
from one another were mixed to form a composite sample. Organic matter present in the soil
was <5 g of the organic matter present per kilogram of sediment.

Microcosms were set up in triplicate in 250 mL Erlenmeyer flasks. Each microcosm
contained 75 g sediment and 0.25 or 0.5% 1:1 yeast and beef extract mixture diluted in 10
mL distilled water (mimicking the organic matter contamination caused by tourists). Control
microcosms contained sediments and distilled water. All microcosms were incubated in the
dark at approximately 25°C.

Genetics and Molecular Research 15 (3): gmr.15038611



Fungal community and organic matter in limestone caves 3

Sampling from microcosms, DNA extraction, and PCR

Sedimentsamples were homogenized briefly and aseptically collected from microcosms
on days 0, 30, 180, and 365 after culture induction. One-gram samples were collected in
triplicate and mixed; a quarter of the sample (250 mg) was used for DNA extraction using the
MoBio PowerSoil™ DNA kit (MoBio Laboratories Inc., Carlsbad, CA, USA) according to the
manufacturer protocols.

PCR was performed in a thermocycler (Eppendorf, Hamburg, Germany) using fungus-
specific primers EF4 (5'-GGA AGG G[G/A]T GTA TTT ATT A-3") and fung5r (5'-T AAA
AGT CCT GGT TCC C-3") (van Elsas et al., 2000). A GC-clamp (5'-CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG G-3") (Muyzer et al., 1993) was attached to the fung5r
primer. PCR was performed in a 25-pL reaction mixture containing 0.2 uM each primer, 0.2
mM dNTP (each), 1.25 U Taq DNA polymerase (Invitrogen, Sdo Paulo, Brazil), 3 mM MgCl,,
1X PCR buffer, and approximately 60 ng DNA.

Denaturing gel electrophoresis (DGGE)

The samples were subjected to DGGE in a DCode universal mutation detection
system (Bio-rad Laboratories, Hercules, CA, USA). The amplicons were electrophoresed
on an 8% polyacrylamide gel (w/v) (37.5:1 acrylamide:bisacrylamide) prepared in
a denaturing gradient of 30-60% [4 M urea and 40% (v/v) formamide is indicative of
a 100% denaturing gradient], in TAE 1X buffer for 16 h at 70 V and 60°C. The gel
was stained with silver nitrate (modified from Benbouza et al., 2006) at environmental
temperature and 0.65% sodium carbonate was added to the developing solution after 3
min. The presence and absence of bands were presented as a binary matrix to allow for
principal component analysis and dendrogram analysis using the Jaccard coefficient. Both
analyses were performed on the PAST 3.0 software platform (folk.uio.no/ohammer/past/).
Moreover, a Venn diagram was prepared manually.

RESULTS

Microcosms contaminated with yeast and beef extract showed a higher number of
operational taxonomic units (OTUs) compared to the controls (Figure 1). We observed a
decrease in the number of visible OTUs in DGGE after 12 months; however, their profile
was similar to those of contaminated samples (Figures 2 and 3). The yeast and beef extract
mixture showed different effects at different concentrations. The 0.5% contaminating
mixture presented more bands during the first month; however, this profile changed at
6 months (Figure 1). We also observed changes between the microcosm profiles of the
contaminated samples incubated for 1 and 6 months; however, the samples with different
contaminating concentrations showed similar profiles at the same time. On the other hand,
the samples incubated 0.5% of yeast and beef extract showed a similar profile for 6 and
12 months (Figure 2). The controls presented similar profiles (Figures 1 and 2) and the
lowest number of bands.
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Figure 1. Denaturing gel gradient electrophoresis of fungi from cave sediments contaminated with organic matter.
Representative samples of three independent experiments are shown. Controls are denoted as C. The numbers
before dots or after “C” indicate the month of sampling and the numbers after dots indicate the concentration (1 =
0.25% and 2 = 0.5% 1:1 yeast and beef extract mixture).
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Figure 2. Principal component analysis and dendrogram analysis using the Jaccard coefficient of similarity in
fungal profiles observed by DGGE. The number before dots or after “C” indicates the month of sampling and the
number after dots indicates the concentration (1 =0.25% and 2 = 0.5% 1:1 yeast and beef extract mixture).
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Figure 3. Venn diagram of operational taxonomic units shared among the beef and yeast extract mixture-
contaminated fungal microcosms incubated for various time periods, irrespective of the concentrations and controls.
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The Venn diagram bands were similar across the various time intervals (Figure 3). A
large number of bands were shared between the contaminated fungal samples incubated for 1
and 6 months and 6 and 12 months. The controls shared only one band with a 1-month-long
contaminated microcosm, and presented two exclusive bands (Figure 3).

DISCUSSION

Human visitation in caves has affected their intrinsic microbial communities (Chelius
and Moore, 2004; Ikner et al., 2007; Adetutu et al., 2011; Saiz-Jimenez, 2012). Although the
changes in the OTUs were detected along the course of the experiment (Figures 1-3), only one
of many contaminant factors was analyzed. The presence of artificial light has been shown to
increase the development of photosynthetic organisms (Chelius and Moore, 2004; Mulec et
al., 2012), while external organisms transported by visitors could generate different changes
in the microbial community (Mulec and Kosi, 2009). Controlling these factors allows for
evaluation of the effect of organic matter on the fungal communities in cave sediments. Beef
and yeast extracts were chosen for their chemical similarity to components carried by visitors
into caves, dead skin cells and other microorganisms; however, other nutrients, such as the
ones present in lint, hair, and oils, could not be included (Adetutu et al., 2011) because of the
difficulty in simulating and controlling the amount of contamination in the lab.

In situ studies could provide better and more reliable results regarding the lack of
conservation of caves that are open to tourists. However, this is not a feasible proposition.
Further difficulties include the prediction of the number of tourists who would visit a recently
opened cave. Caves in areas such as Chapada Diamantina that are newly opened to tourists
could have a low visitation percentage during the starting stages. This would necessitate an
increase in the experimental time up to an unpredicted period, until the number of visitors
reaches that of famous or partially famous caves. These measures could increase the feasibility
of microcosm studies. Caves that are already open for tourism do not provide us with a view
of the theoretical pristine fungal community in caves, as changes in both concentrations can
be visualized at 30 days (Figures 1-3).

Studies that are dependent on, and independent of, fungal cultures, show that these
variations could be expected in the controls (Adetutu et al., 2011; Taylor et al., 2013). Cave
fungi are commonly described as opportunistic organisms that increase their population
based solely on the inflow of organic matter (Nieves-Rivera et al., 2009; Jurado et al., 2010b;
Saiz-Jimenez, 2012). This information supports the findings of our research. The increased
number of bands is representative of the increase in the number of fungal OTUs. DGGE
only detects bands that are represented significantly in a community (>1%) following primer
amplification (Muyzer et al., 1993). Fungi remain almost undetected in an unfavorable cave
environment; therefore, the three bands detected in controls could be representative of an
unknown metabolically active fungus or an unknown source that transports these fungi within
the cave. In caves that are open for tourists, the bloom of these types of fungi could result in
a temporary closure of the cave (Jurado et al., 2010b), requiring a biocide treatment prior to
reopening (Jurado et al., 2010b; Martin-Sanchez et al., 2012b).

Fungal proliferation is known to differ based on the concentration of organic matter
(Figures 1 and 2). Fungal microcosms cultured with the highest amount of organic matter
(0.5%) showed a greater number more bands during the first few months of growth; however,
the number of representative OTUs (seen during the first few months) decreased during
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months 6 and 12, which could be attributed to the possible exhaustion of the available organic
matter. However, this was not seen in fungi cultured with 0.25% organic matter: several weak
bands were detected at 6 and 12 months after culture (Figure 1). Organic matter contamination
and fungal widespread are relatively common in caves open for tourist visits (Jurado et al., 2010b;
Martin-Sanchez et al., 2012a,b), these findings indicate an alarming scenario as a small amount
of organic matter could generate a fungal bloom despite the lack of other factors associated with
these caves (Mulec and Kosi, 2009; Jurado et al., 2010b; Porca et al., 2011; Martin-Sanchez et al.,
2012b; Sebela et al., 2013; Mulec, 2014). Several species of fungi are human pathogens and could
be transported by visitors and proliferate in the closed environment of these caves (Jurado et al.,
2010a; Taylor et al., 2013), which could be a major health risk to anyone who enters the cave.
These findings demonstrate the importance of fungal study in caves open for tourists. The
fungal community in caves must be monitored periodically to avoid abnormal proliferation, which
could put visitors at a health risk. Culture-dependent and culture-independent methods used to
monitor fungi in caves should be evaluated and included in the management plans for caves.
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