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ABSTRACT
Extreme environments have been the interest of numerous studies and scientific publications. For many years, these
environmental roles, which are characterised by high or low temperatures, high-pressure, low pH, high salt
concentrations and companions of two or more extreme parameters. For many years, these environmental niches have
increased in importance due to extreme microorganisms diversity and their potential returns of several industrial
production processes concerning the food fields, medical and pharmaceutical. At present, it’s possible to detect life in
most extreme environments, from the deep sea hot springs, depth of the oceans, deep inside the earth crust, harsh
chemical environments, and high radiation environments through metagenomics analysis. In this review, newly identified
microorganisms, and their potential uses in several applied fields have been outlined. The microbial development in
biofilms form has supported the survival of alkaliphiles, psychrophile, halophile thermophile and extremophile
microorganisms; where they flourish due to the adaptation strategies involving complex variation in biofilms structure
and behaviours.
Keywords: Biofilms, biodiversity, extreme environments

INTRODUCTION
Microorganisms are characterised as a simple structure
creatures which can be single cell or multicellular when
associated to higher organisms and cannot be seen by
the naked eyes but only with the aid of microscope. They
include bacteria, protozoa, archaea certain algae and
fungi. Microorganisms are capable of complex variation in
structure and behaviours to enable them to survive in a
variety of strict environments. Extremophiles are bacteria
and archaea that are adapted and modified to grow under
those strict conditions and can be found in a variety of
environments such as; hot springs, depth of the oceans,
deep inside the earth crust, harsh chemical environments,
and high radiation environments because they have a
specific adaption capabilities that make them survives in
these strict environments. Microbes naturally grow on
natural or artificial surfaces. Biofilms can be seen as an
excellent model system for studying the microbial
development. Biofilms comprise of single microbe or
multiple microbial species and can be defined simply and
broadly as; populations of microorganisms that are
attached together as a group to a surface. According to
O’Toole et al. (2000) bacteria that live in natural aquatic
environments, are mostly not permitted to float but rather
to grow as multi species societies which attached to

submerged surfaces. Biofilm formation, its role and effect
in specific environment has been studied for a variety of
bacterial species, as it plays a significant role in the
pathogenicity of bacteria. A most common form of biofilms
is a result of some stress. Therefore, biofilms are found in
many extreme environments and according to Donlan and
Costerton (2002) basically bacteria can form biofilms in
whatever ecosystem they inhabit and in a similar manner.
Biofilms
In nature, bacteria rarely exist as individuals in the harsh
environments of constant pressure and fatal stress. To
survive in such extremities, these microscopic organisms
have adapted a manner of socialisation, where instead of
surviving the hardship by oneself; they acted together as a
whole community to put up against the treacherous
environments that nature has to offer. As a community,
the members of the group would have a better chance to
respond and adapt to any changes in order to ensure their
viability (Marrón-Montiel et al., 2006). In this way, many
complicated and highly difficult tasks can be performed
due to their increased complexity of structure, similar to
those multicellular organisms that perform various life
processes (Brenner et al., 2008).
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According to Donlan and Costerton (2002), biofilm
defined as the association of multiple species of bacteria
that assembled together as a whole community; described
as the phenomenon where cellular bindings happen in an
aggregation manner and attached together by the
secretion of extracellular polymeric substances (EPS),
and this community is glued to a foundation surface. The
EPS form a matrix that consists of various cellular and
non-cellular materials, for instances, small debris or
particles, mineral crystals, and so on, but depending on
the nature of the environment (Davey and O'toole, 2000).
Thus, such processes involve the reciprocal action of both
cell-to-cell and cell-to-surface that work in a dynamic
system (Kostakioti et al., 2013; Sadekuzzaman et al.,
2015). In addition, due to the resilience of the biofilm, this
layer of biomaterial may form on diverse and countless
types of surface, including intravenous medical devices,
plumbing systems, walls, as well as living tissues (Donlan
and Costerton, 2002).
The construction of this layer of biomaterials would
allow the transition from an individualistic condition to a
more provisional communal behaviour that aids
tremendously to their survival in extremities of the natural
environment (Watnick and Kolter, 2000). In nature, the
biofilm is triggered to be constructed in stress and
changes induced responses, where the newly formed
microenvironment is no more favourable to enhance the
microbial growth (Bridier et al., 2011). Under these
factors, the responses would entail various networks of
regulation, where alterations in gene expression would
eventuate the prompts reorganisation of the microbial
cells, and subsequently, lead to the modification of the
cellular surface, the utilisation and acquisition of nutrients,
the virulence factors, as well as other characteristics that
enhance their chance of surviving (Hibbing et al., 2010).
Within the biofilm structure, however microbial growths
are being slowed down a bit, due to the properties of the
film (López et al., 2010). The biofilm is chiefly made up of
over 90% of EPS that form the matrix of the whole
microbial structure and greatly varies depending on
growth conditions, medium, and substrates (López et al.,
2010; Karunakaran et al., 2011). Relatively, these
substances would simply be defined by a general term for
extracellular components that can be found projected or
imbedded within the microbial cell wall, which comprises
of assorted components, e.g. macromolecules such as
polysaccharides and proteins (Karunakaran et al., 2011).
The massive secretion of the EPS which form most of the
biofilm structure would also be a barrier of diffusion to
small molecules required for bacterial growth. As this
barrier limits the movement and distribution of molecules,
including nutrients, some parts of the community are
rendered inactive in term of their metabolic processes. In
addition, even though the biofilm is considered as a
harmonious collection of bacteria working together as a
community, it is also a fact that they are confined and
crammed in a tight and limited space, which eventually
create a phase similar to a normal bacterial stationary
growth. Nevertheless, within the small confined spaces,
the biofilm would also permit the expansion of resistant
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cells within the structure, thus aiding the community as a
whole to face the environment. Having the resistant cells
within the biofilm, the community would eventually gain a
similar to ‘herd immunity’ manner, where their sensitivities
are lowered with the presence of bacteria of enhanced
resistance level. Thus, this bio-architectural, structure is
highly regarded as a mechanism for the community to
ward off any potential hazard from the environment
(López et al., 2010).
As discussed earlier, the formation of biofilm is
triggered when there are changes in the environment of
the bacteria, which signify that environment, is becoming
more and more unfavourable for their growth, and
consequently, signal the bacteria to alter their metabolic
pathway regulations. Once the molecules reach a certain
threshold of concentration that is sufficient enough, a
series of cascade reaction is activated that leads directly
to the starting of a bacterial communication within the
community, also known as quorum sensing, which
involves cellular coordination’s using signal molecules as
the messenger of information’s (López et al., 2010;
Sadekuzzaman et al., 2015). This cellular coordination
would eventually control a significant number of processes
that involve in the development of the biofilm (López et al.,
2010).
The formation of biofilm is a rather dynamic and
complicated process, as this layer of organic materials is
composed of a various building blocks that are well
integrated with one another to form the complex structure.
The architectural formation of the biofilm is largely
dependent on matters such as the substratum or the
foundation of the biofilm, the medium of the environment,
the intrinsic attributes of the cells, the type of molecules
used in the signalling processes, the type and rate of
cellular metabolism, as well as the genetic factors of the
microbes (Stewart and Franklin, 2008). The development
of the film starts off with an acclimation of a surface, with
layers of organic or inorganic matter form on the surface.
Subsequently, the acclimation of this surface allows the
microorganisms to colonise and habituate on the surface.
This is due to the altered surface properties of the
substratum, which previously was unfavourable for the
microbes to stick around. As the surface becomes more
favourable for the colonisation of bacteria, the
microorganisms are thus able to form a preliminary
reversible attachment with the surface through weak
interactions such as Van der Waals interactions (Watnick
and Kolter, 2000; Kostakioti et al., 2013; Sadekuzzaman
et al., 2015).
As more and more cells accumulate, multiple cellular
attachment structures such as flagella and fimbriae would
eventually form an irreversible and permanent fixation on
the
surface,
through
stronger
interactions
(hydrophobic/hydrophilic) (Characklis and Cooksey,
1983). The next event that follows would be the
propagation and the production of the extracellular
polysaccharide (EPS) matrix by the community. This
matrix is mainly composed of proteins, polysaccharides,
and extracellular deoxyribonucleic acid (DNA), which, as
the matters begin to build up and accumulate,
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consequently leads to the establishment and expansion of
the biofilm structure (Davey and O'toole, 2000). As the
biofilm expands, it would later become matured as water
channels formed within the structure are able to, with full
efficacy, circulate and deliver nutrients and other
signalling molecules to every living cell (Percival et al.,
2011). Once triggered due to intrinsic or extrinsic factors,
the biofilm rigid structure would begin to loosen up, and
the cells start to detach and disperse (either individually or
in clumps). The dispersion allows the cells to propagate to
other newly-conditioned surfaces, and begin the
colonisation process all over again (Watnick and Kolter,
2000; Kostakioti et al., 2013; Sadekuzzaman et al., 2015).
Figure 1 visualise the overall process of biofilm formation.

one another; through Van der Waals interaction, polar
interactions, electrostatic forces and hydrogen bonding
that influences the mechanical stability of the biofilm. A
process coined as polymer bridging, also aided the
process by allowing the EPS molecules to negate the
electrostatic repulsion between the foundation surface and
the bacteria. This results in the attachment of the bacteria
to the surface, in a more permanent manner (Karunakaran
et al., 2011).
Extreme environments
Extreme is a virtual term, which is viewed as different or
obits to what is normal for human beings. A large numbers
of microbes inhabit different kinds of extreme
environments. Extreme environments according to
Skirnisdottir et al. (2000) contain many elements high
temperature, pH, pressure, salt concentration, nutrient
concentration, water availability, and also conditions
having elevated levels of radiation, harmful heavy metals
and toxic compounds. Table 1 throws light on extreme
environment where biofilms formed.
Biofilm in osmotic stress

Figure 1: The formation of biofilms.
The EPS has therefore been regarded as a
cornerstone for the triumph of bacterial colonisation via
biofilm formation, where such secretion is amongst the
greatest core factors that make the construction possible.
However, till today, little is still known about the complex
interaction within the secretion that generates the stable
matrix. Yet, it is conceptualised that the interactions would
involve various forms of interaction that interlinked with
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Research show that 99% of bacteria in nature are
attached on a surface in the form of biofilm organization
and this helps them bacteria to increase their resistance
towards various antimicrobial agents (Parsek and Singh,
2003). Besides that, growth within a biofilm seems to help
most species of bacteria to induce a general stress
response by protecting their cell from environmental
stress (Mah and O'Toole, 2001). Single cell
microorganisms are more vulnerable to environmental
stress including osmotic shock, since they are directly
exposed to their environment (Ho, 2006). Osmolarity is
used to define the number of solute molecules per
solution volume or solution weight. Osmolarity also can be
referred as osmolality which describe the osmotic
pressure exerted by a given solution (Caon, 2008). This
osmotic pressure influenced by the total number of
particle or solutes (osmolyte) contain in the solution.
According to Ho (2006) in a biological systems changes in
osmolyte concentration occurring either within or outside
the cell can thus lead to the very rapid flow of water
across the plasma membrane and marked alterations in
cell volume. Semipermeable membranes facilitate the
separation of two solutions with varied compositions.
The ability to regulate and preserve distinct
intracellular and extracellular solute micro environments is
crucial in maintaining cellular homeostasis. Exposure of a
cell to hypertonic environment in which the osmolality
outside the cell is greater than that present within the cell
results in the osmotic efflux of water, a reduction in cell
volume (cell shrinkage) and an increase in the
concentration of all intracellular constituents. The resulting
biochemical disequilibrium gives rise to a wide spectrum
of deleterious effects on cell function and, in the event
biochemical homeostasis is not restored, ultimately results
in apoptotic cell death (Proft and Struhl, 2004).
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Osmotic stress specifically hyper-osmotic stress
always related to microorganism that live at a high salinity
environment for example marine ecosystem. Moderate
halophiles are defined as organisms having higher growth
rates in media containing between 0.5 M and 2.5 M NaCl,
while extreme halophiles have higher growth rates in
media containing over 2.5 M NaCl (Ventosa et al., 1998).
Seawater divided into three components, firstly water
which act as solvent, secondly dissolve substance which
is salt ion also known as solutes and minor to trace
amount of dissolve metals, nutrients, gases and inorganic
compound. Solute concentration in seawater play an
important role in determining the salinity of the seawater.
Unit for salinity of seawater called parts per thousand
represented by symbol (o/oo). Average or normal salinity
of seawater is 35 o/oo. The most abundantly dissolved
ions in seawater are sodium, chloride, magnesium, sulfate
and calcium and its osmolarity is about 1000 mOsm/L
(Tada et al., 1998). Concentration of this solutes in
seawater also play some important roles in the
osmoregulation of the microbial cell.
Biofilm in Cold Environment
Amongst all of the major environmental stresses,
temperature would be the one that is considered to be
imposed on all living organisms regardless of their niche
in the ecosystem (Aguilar et al., 2001). The majority of the
Earth’s biosphere is locked in a permanent cold condition,
with the temperature dropped below 5 °C. Such low
temperature would simply be considered as one of the
most common ‘extreme’ environment, as it is
unsustainable for most organisms’ growth. However, such
niches are usually filled by peculiar microorganisms that
are resistant to the level of extremities, making the
psychrophiles as the most diverse and extensively
distributed extremophiles (De Maayer et al., 2014). These
hardy microorganisms that belong to psychrophilic and
psychrotrophic groups are crucial in the global ecology, as
most of the terrestrial and aquatic ecosystem of the earth
is constantly or periodically frozen in the extreme cold
temperature. For an instance, the polar region made up of
14% of the earth; if included with alpine soils and lakes,
fresh waters and caves, snow and ice fields,
approximately 80% and more of the earth biosphere
associated with the temperature that is below 5 °C
(Hébraud and Potier, 1999). Psychrophiles are easily
defined as microbes that able to grow at an optimal
temperature for growth of about 15 °C or below, with
utmost growth temperature of about 20 °C; and the
capability to grow at 0 °C. This group of extremophiles
mainly belongs to the Gram-negative Proteobacteria
(Groudieva et al., 2003). On the other hand, the
psychrotrophs are those that typically have optimum and
the maximum growth temperature of 20 °C or above,
where the bacteria are able to adapt to temperature
downshifts with a lag period prior to growth resumes at a
rate characteristic of the new temperature (Hébraud and
Potier, 1999).
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As a physical stress, cold can alter physiochemical
parameters of a living cell by interfering and affecting
enzyme kinetic, flexibility, water viscosity, cell integrity,
activation
of
membrane-associated
sensor,
macromolecules interaction and enzyme kinetic, as well
as solute diffusion rates, membrane fluidity and
conformation, topology and reciprocal interaction of
macromolecules including proteins, DNA and RNA as
temperature could affect interior of cells rapidly (Hébraud
and Potier, 1999; Gualerzi et al., 2003; Margesin and
Miteva, 2011; De Maayer et al., 2014). Cellular function
such as protein synthesis (transcription, translation), RNA
and protein folding (as adaptation strategic at molecular
structure of protein to increase flexibility) and uptake of
cryoprotein (EPS) are induced (Margesin and Miteva,
2011). Alterations in the membrane composition due to
temperature are mediated by de novo synthesis of specific
enzyme following temperature downshift, and enzyme
activation that is crucial for modification of pre-existing
lipids (Hébraud and Potier, 1999). Membrane fluidity is
reduced to maintain optimum fluidity by integrating fatty
acids of lower melting point (including unsaturated,
branched-chain or short-chain fatty acids) into the
membrane lipids, at the same time increases the
proportion of anteiso (relative to ISO) and of cis (relative
to trans fatty acids) (Fonseca et al., 2011).
Enzymes expressed by these microbes are more thermolabile. However, they are much more active at low
temperature. Caps, which are the cold acclimation
proteins, will be continuously synthesised during the
prolonged growth under low temperature. This protein is
assumed to have’s vital role for life in the cold realm of the
world, and was predicted to be part of the metabolic
functions by maintaining the membrane fluidity and/or by
replacing the cold-denatured peptides at low temperature.
In psychotropic Arthrobacter globiformis SI 55, some caps
act as a cold-specific protease that eradicates
accumulated denatured proteins that could cause the
deleterious effect to the cells (Hébraud and Potier, 1999).
Based on a previous study, expression of general stress
response sigma factor RpoS increased in both rich and
minimal medium when it is exposed to low temperature
during the exponential phase. Gene regulation under low
temperature (25 °C) is with the action of general stress
response sigma factor RpoS and small regulatory RNA
DsrA. At low temperature, increased in transcription level
of dsrA lead to the interaction of DsrA with the rpoS
mRNA to manipulate its secondary structure to enable
more efficient translation of rpoS mRNA (White-Ziegler et
al., 2008). According to an experiment conducted by
Fonseca et al. (2011) using Pseudomonas putida KT2440,
transcriptome and proteome profiles of cells grown at 10
°C revealed that approximately 266 genes which made up
of 5% of the genome were modified. Genes that showed
differential expression were genes that regulate energy
metabolism or in transport and binding of substrate. Under
low temperature, there was an increase in protein folding
and stability of DNA and RNA secondary structure and
reduction in membrane fluidity and growth rate. During
adaptation period under such conditions, cold-shock
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Table 1: Biofilms formation present in a strict environment.
Strict environment
Extremely cold

Descriptions
Below 5 °C.

Extremely hot

Higher than 40 °C

Acidic environments

Below pH 5

Alkaline environments

pH higher than 9

Hypersaline environment
(high salt)
Under pressure

Seawater, that is, > 3.5%

Without water

Without oxygen
Altered by humans
Outer space

Environments under
extreme pressure
(hydrostatic)
Habitats without free
water
Without free oxygen
Organic compounds and
heavy metals.
Addresses life beyond the
known biosphere

Examples
Deep ocean habitats,
mountain sites, polar sites.
Comparable locations
worldwide or deep-sea vents
Mining activity or acid rain,
e.g., The Rio Tinto river
Natural habitats
Octopus spring
Salt lakes
(e.g., Mono lake)
Enclosed habitats under
pressure and aquatic habitats
2000 meters deep
Some endolithic habitats and
hot or cold desert
environments.
Habitats in deeper sediments
Geothermal system, mine
tailings, oil impacted habitats.
Mars

Reference
Edwards et al. (2005)
Allen and McKay (1998)
Amils et al. (2014)
Boomer et al. (2009)
Arp et al. (1999)
Edwards et al. (2005)

Edwards et al. (2005); De
Los Ríos et al. (2007)
Meyer-Reil (1994)
Osvald et al. (2016)
Allen and McKay (1998)

Table 2: Common organisms found in a different kind of hot springs.
Hot springs
Hot Springs Above
Sea Level
Alkaline Hot Spring

Location
Center and East of Tibet

Common organism
Thaumarchaeota

Reference
Huang et al. (2011)

USA (Octopus YNP)

Thermophilic bacteria

Acidic environments

Iberian Pyritic Belt
southern Spain (Rio
Tintio River)
North America
(Mono Lake)

Iron-oxidizing bacteria and sulfuroxidizing bacteria, alkaliphilic

Coman et al. (2013);
Meyer-Dombard et al.
(2005)
Fernández-Remolar et
al. (2003)

India (Manikaran,
Himachal Pradesh)

Cyanobacteria

Malaysia (The Sungai
Klah) (SK)

Aquificae, Thermodesulfobacteria,
Deinococcus-Thermus, Thermotogae,
Chloroflexi, Dictyoglomi.

Chan et al. (2015)

Thailand (Bor Khlueng
Hot Spring)
Iceland (Solfatara fields)

Large diversity Acidobacteria,
Bacteriodetes, Cyanobacteria
Acidophiles

Western Plain of
Romania
Iceland
Around New Zealand

Proteobacteria and Cyanobacteria,
Chloroflexi
Acidophilic, Thermophilic
Sulfolobus

Kanokratana et al.
(2004)
Rothschild and
Mancinelli (2001)
Coman et al. (2013)

Algeria (El Bibanes,
Essalihine Hot Springs)
Central and eastern
Tibet

Cyanobacteria, Gloeocapsopsis,
Gloeocapsa, Stigonema, Fischerella
Thaumarchaeota

Hypersaline (high salt)

Hot water springs

Acidic hot springs
Mesophilic hot springs
Icelandic hot springs
New Zealand hot
Springs
Geothermal springs
Above sea level hot
springs

Halophiles and alkaliphiles
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Rothschild and
Mancinelli (2001); Kulp
et al. (2008)
Mongra (2012)

Krebs et al. (2014)
Ellis et al. (2005)
Amarouche-Yala et al.
(2014)
Huang et al. (2011)
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proteins are highly expressed, at the same time majority
of protein synthesis will be reduced dramatically. The
cold-shock proteins that were highly produced increase
stability and preferential translation of the corresponding
mRNAs (Fonseca et al., 2011). Cold-shock response in
psychrophiles does not suppress the synthesis of
housekeeping protein, at the same time proteins involved
in cold-shock response increase with severity of the coldshock (Margesin and Miteva, 2011).
Manipulation of microbial physiological feedback
reaction their specific niches and cell-to-cell interaction
could by environmental or external stimuli that induce
corresponding genetic and regulatory circuits throughout
development of biofilm. This condition causes differences
in biofilm structure and compositions (Lee et al., 2014).
Based on the study conducted by Groudieva et al. (2003)
Psychromonas arctica sp. formed a multi-layered biofilm
at any cultivation temperature from 4 °C to 20 °C
independent of the carbon source used just within few
days (De Maayer et al., 2014). In addition to that,
trancriptomic analysis of Escherichia coli K-12 MC4100
proved that almost 7% of the genome (297 genes) are
majorly expressed at 23 °C when compared to growth at
37 °C, where 40% of the genes are preferentially
expressed at 23 °C are RpoS-controlled genes indicating
that low temperature could provoke the general stress
response. Two categories of genes that worth noticing are
those related with cold and biofilm development (WhiteZiegler et al., 2008). Kamjumphol et al. (2013) also stated
that biofilm formation by Bulkhoderia pseudomallei
induced by low temperature (20 °C) as it triggers bacterial
general stress responses. While in Hafnia alvei, biofilm
formation increase dramatically at 25 °C compared to 37
°C even though H. alvei is an opportunistic pathogen of
animal and humans. With its psychotropic behavior,
Listeria monocytogenes known as one of the pathogens
that is linked to major outbreaks in food products due to its
ability to replicate under cold environment. Typically, L.
monocytogenes strains are capable of forming biofilm of
higher level with more extracellular polysaccharides
compared to weak biofilm producers. Growth temperature
and the phase of growth could manipulate the cell wall
composition. Thus, altering surface electrical properties,
electron donor or electron acceptor character of the
bacteria and hydrophobicity. L. monocytogenes become
highly hydrophobic under freezing temperature indicating
an alteration in cell wall composition as some bacteria
preserve cell wall lipid composition with temperature and
cell growth. Based on this study, it has been proven that
initial adherent population increased during freezing
incubation thus increasing the hydrophobicity of the cells
(Slama et al., 2012).
Extracellular matrix in a biofilm may act as a
supplementary survival mechanism in the natural
environment under starvation conditions, by defending the
cells from frost and managing the nutrient supply inside
the multispecies biofilm community. Antifreeze or icebinding (AFP) proteins produced by psychrophiles binds
to and control the ice crystal formation and
recrystallization by lowering the freezing point (De Maayer
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et al., 2014). Cold-adapted microorganism typically
produces a high amount of EPS to aid in adhesion to the
wet surface and formation of biofilm, entrap nutrients,
mediate biochemical interaction, and protect cells against
unfavorable environmental conditions (Margesin and
Miteva, 2011). EPS produced, acts as a potential
psychrophiles under cold condition, as it lowers the
freezing point and ice nucleation temperature of water due
to its high polyhydroxy content. The EPS also plays the
crucial role in facilitating surface adhesion, cellular
aggregation and biofilm formation; at the same time
protects the extracellular enzymes against cold
denaturation and autolysis (De Maayer et al., 2014). In
addition
to
that,
a
study
conducted
using
Pseudoalteromonas sp. Sm9913 that has been isolated
from 1855 m of the deep-sea sediment, which showed an
increase in the EPS production at a decreasing culture
temperature within the range of 10-30 °C. The structure is
consisted of a linear arrangement linkage of glucose with
a high degree of acetylation. Besides that, EPS also aids
in the survival of psychrophilic microbes in the
permanently cold environment.
As a community, living in aggregates can also be
beneficial to marine bacteria as adherent to other cells
surface allows interaction and nutrient uptake. For these
bacteria, the EPS would provide the role of cryoprotectant
in this environment of high salinity and low temperature.
The EPS production by psychro-tolerant bacteria, on the
other hand, is believed to play the crucial role in sea ice
microbial communities. This is due to the fact that the
bacterial EPS production in the deep cold ecosystem
would provide a protective barrier to these
microorganisms (Poli et al., 2010). Montgomery et al.
(2013) also stated that analysis of psychrophile
Psychromonas ingrahamii, showed the presence of an
orthologue of LuxR that believed to have a crucial role in
biofilm formation, where this microbe is found in the seaice. The production of EPS thus enables this microbe to
lower the freezing point in the surrounding environment,
while at the same time enhances the availability of water
for its growth.
In order to survive such extreme condition, microbes
undergo structural and functional evolution in order to
adapt to low temperature condition. Under low
temperature, the membrane becomes more inflexible,
followed by activation of membrane-associated sensor.
Transduction of signal to response regulator leads to upregulation of genes that take part in membrane fluidity
modulation and cold adaptation (Davey and O'toole,
2000). Cellular function such as protein synthesis
(transcription, translation), RNA and protein folding as an
adaptation at molecular structure of protein to increase
flexibility. Cold-active enzymes that produced by
psychrophiles are more functional at lower temperature
and moderate temperature compared to their mesophilic
homologues. The cold-shock response in pyschrophiles
does not suppress the synthesis of housekeeping protein,
at the same time proteins involved in cold-shock response
increase with severity of the cold-shock. Cold-adapted
microorganism typically produces high amount of EPS to
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aid in adhesion to wet surface and formation of
biofilm,entrap nutrients, mediate biochemical interaction,
and protect cells against unfavorable environmental
conditions (Margesin and Miteva, 2011).

resourcefulness, however, we are only just beginning to
fully comprehend the significance of biofilm communities,
further, development will certainly be required in this area
and that will be one of the challenges in future research.

Biofilm at high temperatures
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