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Abstract

The unique structures of the remote caves, and the microorganism creatures living in this extreme dark environment should 
be investigated as an exceptional source for several new products and knowledge. Microorganisms obtained from such 
environment can be highly beneficial to science, health, and industry. Searching for novel isolates secreting potent secondary 
metabolites, and having promising biological activities is the target of current researches all over the world. In this review, it 
was highlighted that screening for microbes in remote areas especially remote caves following safety protocols will always 
result in isolation and identification and discovery of promising isolates with remarkable bioactivities. Many studies are 
required to complete investigating potentials of the promising isolated microorganisms.
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Introduction

Caves, the mysterious and one of the most interesting 
earth formations on the planet, have been used, studied, and 
researched by people for several purposes from the past to 
the present. Caves between the earth and the underworld 
are important geological forms that can be investigated for 
several amazing facts. The caves that we define as cavities 
or gaps into which a person can enter are usually visited by 
people for several different purposes. Caves are important 
for studies on environments in terms of biology and geology 
due to their extreme conditions [1,2]. The mechanisms 
by which living creatures survive in caves environments, 
adapt to the extreme conditions, and develop for survival 
have been the topics of the researchers. Microorganisms 
and physical factors are responsible for the occurrence and 
formation of different geological forms [3,4]. Studies on cave 
microbiology have been aimed at exploring the functions of 
these microorganisms and many literature have described 
such work [5-10]. On the other hand, these environment-

specific microorganisms carry a great potential to possess 
new and different enzymes or antimicrobial substances. 
The discovery of new features and new microorganisms is 
also important as it adds new information to the science of 
systematics and as generous source of promising bioactive 
compounds for pharmaceutical applications [11-15]. 

The topics on caves and their microbiology, which have 
been studied by few researchers throughout the world, 
are less commonly studied in Egypt [16]. The protection 
of the cave environment while people enter into them for 
touristic, sports, and scientific causes is of historical and 
scientific importance. Different groups of microorganisms 
such as bacteria, archaea, viruses and fungi are found in 
caves. Caves can be sources of novel microorganisms and 
biomolecules such as enzymes and antibiotics that may be 
suitable for biotechnological purposes [17-19]. Caves can be 
terrestrial or aquatic and are usually oligotrophic in nature 
(nutrient limited) although some may be rich in specific 
minerals naturally or due to exposure to nutrient-laden 
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sources. Consequently, different caves will have different 
groups of microorganisms inhabiting varying ecological 
places and alongside cave wildlife and environmental factors 
such as CO2, temperature and organic matter content. 
Microorganisms found in caves can be native to the caves or 
introduced by humans, animals, water flow, wind action and 
others [14].

Caves contain a broad variety of bacteria belonging 
to the Proteobacteria, Firmicutes, Actinobacteria and 
Acidobacteria. Proteobacteria appeared to be the major 
group detected [20,21]. In open caves such as show caves, 
bacteria belonging to different genera such as Cyanobacter, 
Pseudomonas, Bacillus, Micrococcus, Arthrobacter 
Staphylococcus and Mycobacterium have been identified. 
Some, like Cyanobacter are photoautotrophs found at the 
cave entrance or around light installations [22]. Others such 
as Pseudomonas and Bacillus are heterotrophs, degrading 
organic matter in the form of insects and animal droppings 
and extraneous matter. While these heterotrophic activities 
contribute to the biogeochemical cycle in caves [23]. Cave 
systems contain different groups of heterotrophic fungi that 
exist in the form of mycelia or spores. Over 500 genera of 
fungi, slime moulds and fungus-like taxa have been reported 
in caves worldwide [24]. These belong to different taxa such 
as Ascomycota, Basidiomycota, Zygomycota, Mycetozoa, 
Oomycota and Chytridiomycota [24]. Ascomycota appears 
to be the most dominant group irrespective of whether 
culture dependent or independent tools have been used [21]. 
Commonly detected genera were Aspergillus, Penicillium, 
Mucor, Fusarium and Cladosporium. Cave fungi such as 
Trichurus, Fusarium and Cladosporium can function as 
decomposers of dead cave insects, animal, droppings and 
organic matter [25]. Some fungi such as Isaria farinosaare 

parasites of cave insects, while others are food sources to 
cave invertebrates and protozoa. Fungi growing on cave 
surfaces alongside bacteria and archaea may be involved in 
speleothem formation [24,26].

Many studies have reported on microbial communities 
and their roles in ecosystems in various environments. Cave 
is a natural underground opening with no sunlight and a 
limited supply of nutrients, but that has a stable temperature, 
high humidity, and high partial pressure of CO2 compared to 
the external environment [27,28]. A cave can be divided into 
four zones according to the amount of light: entrance, twilight, 
transition, and deep dark zones [1]. The entrance zone is the 
area directly below the entry of the cave. The twilight zone is 
the area that receives a small amount of sunlight; this zone is 
occupied by green vegetation to where the sunlight reaches. 
The transition zone is the area from the entrance to where 
the dark zone starts. The deep dark zone has very stable 
physical parameters: no sunlight, relatively low temperature, 
and relatively high CO2 pressure and humidity (Figures 1-4). 
The temperature in this zone changes little over the seasons. 
Therefore, in this oligotrophic environment, microorganisms 
survive by using alternative pathways, such as ureolysis, 
ammonification, sulfate reduction, and methane oxidation, 
rather than photosynthetic activity [29,30]. Sampling, 
transferring, and cultivation of obtained microorganisms 
should be conducting following safety protocols. Generally, 
cultivation of isolates is usually performed using potato 
dextrose, Czapek’s media in case of fungi, starch casein 
medium for isolating actinomycetes, and nutrient agar and 
De Man, Rogosa and Sharpe (MRS) in case of bacteria, but 
sometimes special modified media were used for the same 
purpose [31,32].

Figure 1: Cave entrance zone, with area directly below the entry of the cave. (Locality: El shekh Sayed bat cave, Asyut 
governorate, Egypt. Photo was taken by Dr. Waill Elkhateeb).
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Figure 2: The twilight zone. The area that receives a small 
amount of sunlight. (Locality: El shekh Sayed bat cave, 
Asyut governorate, Egypt. Photo was taken by Dr. Waill 
Elkhateeb).

Figure 3: The transition zone, the area from the entrance 
to where the dark zone starts. (Locality: El shekh Sayed 
bat cave, Asyut governorate, Egypt. Photo was taken by Dr. 
Waill Elkhateeb).

Figure 4: The deep dark zone, with very stable physical 
parameters with no sunlight. (Locality: El shekh Sayed bat 
cave, Asyut governorate, Egypt. Photo was taken by Dr. 
Waill Elkhateeb).

Caves can be classified based on type of rock and 
formation method. The most common types of caves are 
limestone and other calcareous rocks [33,34]. Microbial 
communities in a cave are highly influenced by various 
factors such as water flow and mineralogical properties 
[28,30]. Investigation of cave microorganisms is required 
to study the cave environment [16]. Caves microbiome are 
generally underexplored and overlooked.

Microorganisms Having Promising Biological 
Activities Isolated from Caves

Cave methanotrophic and heterotrophic microorganisms 
are producers of bioactive compounds and may be potential 
sources of metabolites with antibacterial, antifungal 
or anticancer activities of interest in pharmacological 
and medical research, as well as enzymes with a further 
biotechnological use [35]. Caves are oligotrophic, dark 
and less-explored environments and are considered as 
sources of promising microbial strains in biotechnology. 
Actinomycetes are the masters of antibiotics production, 
they are responsible for the production of about two 
thirds of the medically important antibiotics [16,36,37]. 
Identification of novel isolates or isolates exhibiting potent 
biological activities is of great interest [38]. Hence, isolation 
of actinomycetes especially from remote area is attracting 
attention all over the world. Elkhateeb, et al., reported that 
a remote bat cave located in Assiut governorate, Egypt has 
been chosen as a source to isolate actinomycetes [16]. Out 
of the resulted isolates, Streptomyces zaomyceticus strain 
AA1 was isolated and identified, by 16s rRNA. Streptomyces 
zaomyceticus strain AA1 was investigated for potential 
biological activities using two different growth media, 
ISP2, and starch casein. Streptomyces zaomyceticus extracts 
showed strong antioxidant activities and similar strong anti-
breast cancer activity against MCF7 cell lines where they 
exerted cytotoxicity of 97.01±0.8% and 96.27±0.2% for 
extracts developed from ISP2 and starch casein broth media 
respectively. For anticancer activity, a rare actinobacterium 
Spirillospora albida strain CMU-PNK470 was isolated from 
Phanangkhoi cave in northern Thailand [38]. This bacterium 
showed activity against human small lung cancer cell 
(NCIH1870) with an IC50 value of 10.18µg/ml.

Recently, there is an urgent need for new drugs due to the 
emergence of drug resistant pathogenic microorganisms and 
new infectious diseases. Hampoeil Cave is located in massive 
dolomite with thin bedded limestone in north-western of 
Iran. In an isolation and screening program, various samples 
from soil, water, floor, wall and ceiling of Hampoeil cave 
and its invertebrates were collected. Among 33 various 
samples, 76 Actinobacteria from various genera, including 
Streptomyces, Micromonospora, Micrococcus, Kocuria and 
Corynebacterium were isolated. Eighty percent of the strains 
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had one of the studied hydrolytic enzyme activity. Cave is a 
good source in finding cave-living Actinobacteria potent in 
producing hydrolytic enzymes and bioremediation [39]. 
Members of phylum Actinobacteria are promising source of 
bioactive compounds notably antibiotics. The search for such 
new compounds has shifted to extreme or underexplored 
environments to increase the possibility of discovery. 
Cave ecosystems have attracted interest of the research 
community because of their unique characteristics and 
the microbiome residing inside including Actinobacteria. 
47 species in 30 genera of Actinobacteria were reported 
from cave and cave related habitats. Novel and promising 
bioactive compounds have been isolated and characterized 
[40,41]. Several members of diverse actinobacterial taxa 
were also found to produce wide range of other biologically 
active compounds, for examples antibacterial, anticancer, or 
antifungal drugs [42-45].

Streptomyces, Micromonospora, Streptosporangium, 
and Dactylosporangium were isolated from five caves 
(Cheondong, Kosoo, Nadong, Seonglyu, and Ssangyong) 
in Korea [46]. They showed activity against at least one of 
plant pathogenic fungi (Alternaria solani, Colletotrichum 
gloeosporioides, Fusarium oxysporum f.sp. lycopersici, 
Magnaporthe grisea, Phytophthora capsici, and Rhizoctonia 
solani). Similarly, members of genera Streptomyces and 
Janibacter isolated from limestone cave in Hundung, Manipur, 
India were reported to show anticandidal and biocontrol 
activities against rice fungal pathogens (Curvularia oryzae, 
F. oxysporum, Helminthosporum oryzae, Pyricularia oryzae, R. 
pryzae-sativae, and R. solani) as well as antibacterial activity 
[47-49]. Belyagoubi, et al., reported that five Streptomyces 
spp. from Chaabe cave in Algeria was reported to produce 
non-polyenic antifungal substances active against Candida 
albicans [48].

Conclusion 

Emergence of new lethal diseases require continuous 
screening for new microorganisms that possibly produce 
novel compounds capable of treating such diseases through 
supporting the action of currently available drugs and/ 
or substitute them. The remote nature of caves, their 
exceptional environment, as well as their unique content of 
living microorganisms attract and encourage for searching 
inside these remarkable places for new species that may 
contribute in saving health of humanity. 
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