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Antarctica: a source of cold-active hydrolytic enzymes
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Abstract - Pseudomonas spp. is considered one of the most
successful bacterial generadue toits plasticity and metabolic
versatility, which has allowed it to colonize different ecosystems,
including Antarctica. The ability of Pseudomonas to adapt and
survive in the hostile conditions of the Antarctic makes them a
reservoir of enzymes that can be wused in different
biotechnological applications; however, research onthis genus in
Antarctica is still in itsinfancy. Therefore, the aim of this study
was to isolate and characterise cold-adapted Pseudomonas from
Livingston Island, Antarctica, and explore their ability to
produce cold-active hydrolytic enzymes. In the present study, we
isolated seven cold-adapted bacteria related to the genus
Pseudomonas. The isolated strains have the ability to produce

hydrolytic enzymes. These results demonstrate that cold-adapted
Pseudomonas from Antarctica are a promising source of cold-

active enzymes with biotechnological potential .

Keywords-- amylase, cellulose, extracellular enzymes, polar
environments, protease.

|. INTRODUCTION

Pseudomonas spp. is a diverse and complex bacterial
genusthatincludes more than 200 recognized species [1]. The
species of this genus are characterized by their metabolic
versatility, low nutritional requirements, rapid growth, and
ability to adapt to fluctuating environmental conditions, which
has allowed them to successfully colonize different
ecosystems consisting of water and soil, as well as plants,
animals, and human [2]. Based on these characteristics,
Pseudomonas spp. represent a microbial group with potential
biotechnological applications, whichincludethe production of
novel secondary metabolites, biocontrol, bioremediation, and
plant growth promotion [3].
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Bacteria belonging to the genus Pseudomonas have been
found in Antarctica [4], which is among the coldest
environments on the planet due to its geographical isolation
and extreme environmental conditions (low temperature, low
humidity, high incidence of solar and UV radiation, and
limited organic nutrients and water) [5]. Cold-adapted
Pseudomonas spp. have developed different adaptation
strategies to the extreme conditions of Antarctica which
include regulation of membrane fluidity, decreased rates of
transcription, translation and cell division, reduced enzyme
activity, anti-freeze  proteins, carotenoid pigments,
cryoprotectants, cold-shock proteins and cold active enzymes

[6].

The adaptability of these bacteria to the extreme
conditions of the Antarctic makes thema reservoir of enzymes
that can be used in different biotechnological applications.
Cold-active enzymes are characterized by high catalytic
efficiency at low temperatures compared to the enzymes
produced by mesophilic microorganisms [7]. In addition, these
enzymes display high flexibility in their structures, providing
better access to the active site of substrates at low
temperatures, as well as a high degree of thermolability, the
ability to function in organic solvents and lower energy of
activation [8]. The use of these enzymes can reduce thecost of
consumption, minimize undesirable chemical reactions, reduce
the risk of contamination, and allow for easy inactivation [9].
These characteristics are desirable in different industrial
processes, and therefore, in recent years, the search for cold
active hydrolytic enzymes has intensified. This group of
enzymes includes proteases, lipases, amylases and cellulases,
which have various applications in chemical synthesis, food
processing, detergents, paper/pulp and textile industry,
agriculture, mining, biofuels and energy production, waste
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processing, bioremediation, and medicine and molecular
diagnostics [10].

Despite the metabolic potential of cold-adapted
Pseudomonas spp., little is known about the biotechnological
potential of their cold-active enzymes. Therefore, the aim of
this study was to identify cold-adapted Pseudomonas from
sediments of Livingston Island, Antarctica, and investigate
their potential to produce cold-active hydrolytic enzymes.

Il. MATERIAL AND METHODS

A.  Sampling

This study was conducted in two geo-referenced areas on
Livingston Island, South Shetland Islands, Antarctica: Spanish
Antarctic research station Juan Carlos | and Byers Peninsula
(Byers Camp). Marine sediment samples (0-10 cm depth)
were collected from Byers Camp and Spanish base Juan
Carlos I in February 2018 during the 4th Colombian Scientific
Bxpedition to Antarctica (2017—-2018) (Fig. 1). Approximately
50 g of each sample was taken using sterile spatulas, placed
into sterile Falcon tubes and, frozen at -20°C until further
processingin the laboratory.

B. Isolationofbacteriaproducing cold-active enzymes

For the isolation, 5g of each sample was suspended in 45
mL of saline solution 0.85% (w/v) and agitated for 2 h.
Subsequently, 1 mL of the homogenized sample was
inoculatedinto tubes containing 5 mL of minimum basic sales
medium (MBS) supplemented with different carbon sources
[11]. The carbon sources evaluated in this studyincluded:
starch (10 g-L'%), gelatin (10 g-L%), casein (10g-L%), bovine
serumalbumin (BSA) (10 g-L1), cellulose (10 g-L%), Tween
80 (2 mL-LY), and olive oil (2 mL-L%) [12]. Cultures that
showed growth were transferred to plates with MBS agar
medium and incubated at 4°C for two weeks. Colonies with
different morphologies were selected and repeatedly isolated
until pure culture were obtained.
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Fig 1: Geographic location of the sampling sites evaluated in this study

C. Physiological characterisation ofbacterial isolates
Morphology and motility were determined using an
optical microscope (Nikon E100). Gram-staining, catalase,
and peroxidase activity assays were performed according to
the protocol described by [12]. The biochemical profile was
determined with BBL Crystal™ Kit. To determine the

psychrophilic or psychrotolerant characteristics of the isolated
bacteria cultures were set up in MBS medium and incubated
fortwo weeks at 27°C [13]. The growth was measured directly
by reading the optical density at 580 nm in the
spectrophotometer. The test was performed in duplicate. The
strains thatshowed growthat 27 °C after the incubation period
were considered psychrotolerant.

D. Hydrolyticenzyme activity

The isolated bacteria were screened for the production of
amylase, protease, cellulase and lipase. The qualitative
detectionofthese extracellular hydrolytic enzymes was tested
on MBS agar supplemented with a specific substrate. An
aliquot (10 uL) of each isolate was spotted onto appropriate
media and tested at 4 °C for two weeks; assays were
performed in duplicate. Clearing zones around the colonies
were used as an indication of positive enzyme activity
(diameter of the zone of clearance) [14]. Amylase activity was
evaluated on starch plates following the protocol described by
[15]. Proteaseactivity was determined onskimmilk plates and
lipase activity was screened on Tween 80 and olive oil plates
according to the protocol described by [14]. Cellulase activity
was tested on carboxymethylcellulose plates following the
protocol described by [16].

1. RESULTS

A. Isolationand characterisation of bacteria producing
cold-active enzymes

In this study, seven heterotrophic, aerobic cold-adapted
bacteria were isolated from marine sediments sampled from
Livingston Island, Antarctica (Table 1). Most of the isolates
(71%) were obtained from the culture media that contained
protein-based substrates as a carbon source (casein, gelatin or
BSA), which might be because of the characteristics of the
natural habitat of the isolates. The different morphologies of
the colonies were evident upon visual observation.
Particularly, the UTB 118 isolate presented an orange
pigmentation, which is probably related to a survival
mechanism of this bacterium [17]. All isolates were gram
negative, oxidase positive and non-sporoforming. After two
weeks of incubation, three of the strains (UTB 108, UTB 115,
and UTB 118) showed growth at 27°C, indicating that they
were psychrotolerant, while the strains UTB 109, UTB 110.
UTB 111, and UTB 117 did not show growth, suggesting that
they were psychrophilic.

We observed different biochemical profiles in the isolated
strains, which indicate metabolic versatility amongst them. On
the otherhand, allthe isolated strains, except forthe UTB 109
strain, degraded urea. Furthermore, the biochemical profiles
were useful for the preliminary detection of hydrolytic enzyme
activity, as we identified that strains UTB 111, UTB 115, and
UTB 118 produced B-galactosidase, while strains UTB 108,
UTB 115, and UTB 118 produced B-glucosidase.
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Based on the analysis of the 16S rRNA gene, we
identified that the isolated strains belonged to the
Gammaproteobacteria subclass and were related tothegenus

TABLEI
PSYCHROPHILICAND PSYCHROTOLERANT STRAINSISOLATED FROM
LIVINGSTON ISLAND, ANTARCTICA

S | Closest relative (% 16S Relation t
ample Strain rRNA sequence elation to
point Lo temperature

similarity)
Pseudomonas
UTB 108 fluorescens (100) Psychrotolerant
Pseudomonas antarctica -,
Byers UTB 109 (100) Psychrophilic
Peninsula Pseudomonas N
UTB 110 fluorescens (99) Psychrophilic
Pseudomonas -
UTB 111 fluorescens (99) Psychrophilic
UTB 115 Pseudonzggazsgr;andeln Psychrotolerant

Station e
Juan uTB 117 Pseudorr(]ggz;ssr;andelu Psychrophilic

Carlos | ' _

UTB 118 Pseudon(]ggagsSr)nandelu Psychrotolerant

Pseudomonas. All the sequences obtained shared a high
similarity (98-100%) to their nearest-neighbour sequences
deposited in database. Most of the strains isolated fromByers
Peninsula were related to the species Pseudomonas
fluorescens, followed by P. antarctica, while all the isolates
from Station Juan Carlos | were related to the species P.
mandelii (Table 1).

B. Isolationofbacteriaproducing cold-active enzymes

Hydrolytic enzymatic activities were determined by
observing for substrate degradation or formation of hydrolysis
halos around colonies, after growing at 4°C. The hydrolytic
enzymes produced by theisolated strains are presented in
Table 2. Distribution of enzymatic activity of the isolate
strains, according to the isolation site, is shown in Fig. 2. All
the isolates presented hydrolytic enzymatic activity. Urease
degradation was detected in all the isolates, except in strain
UTB 109. Proteolytic activity was also frequently detected,
represented by the five isolates related to P. fluorescens (UTB
108 and UTB 111 isolated from Byers Peninsula) and P.
mandelii (UTB 115, UTB 117, and UTB 118 isolated from
Juan Carlos | Station). Thesestrains exhibited hydrolysis halos
that ranged from3to 5.5 mm in diameter. Hydrolysis of starch
was detected in strains UTB 108, UTB 110 and UTB 111
(related to P. fluorescens); UTB 109 (related to P. antarctica);
UTB 115 and UTB 118 (related to P. mandelii); which
showed hydrolysis halos ranging between 1 to 4 mm in
diameter.

The production of B-galactosidase and B-glucosidase was
detected in the strains UTB 108, UTB 111, UTB 115, and
UTB 118, respectively. Cellulolytic activity was detected less
frequently than the other hydrolytic activities. These strains

were isolated from the Byers Peninsula and presented a
hydrolysis halo between 1-1.5 cm in diameter. No hydrolysis
was observed on media containing Tween 80 and olive oil.
Remarkably, most of the isolated strains showed multiple
TABLEII
COLD-ACTIVE HYDROLYTIC ENZYMES PRODUCED BY STRAINS ISOLATED FROM
LIVINGSTON ISLAND, ANTARCTICA

Sample Strain Taxonomic Hydrolysed
point affiliation substrates
UTB 108 Pseudomonas | Starch, Skin_MiIk , Celullose,
fluorescens B-glucosidase, Urease
Byers UTB 109 Psaerlljt(i(;?t?cr;as Starch and Cellulose
Peninsula
UTB 110 Pseudomonas Urea
fluorescens
Pseudomonas Starch, Skin Milk, p-
uTB1ll fluorescens galactosidase, Urease
Pseudomonas Skin Milk, Urease, B-
Stat uTB 115 mandelii galactosidase, B-glucosidase
tation
Jan | UTB117 | Pseudomonas Skin Milk, Urease
mandelii
Carlos| Pseud Starch, Skin Milk, U
UTB 118 | Pseudomonas arch, Skin Milk, Urea, B-
mandelii galactosidase, B-glucosidase

hydrolytic enzyme activities; strains UTB 108, UTB 111, and
UTB 118 hydrolyzed five of the evaluated substrates, and
strain UTB 115 produced four of the tested enzymes, while
strains UTB 109and UTB 117 tested positive for two ofthem.

a m Byers Peninsula
Station Juan Carlos |

No. isolates

Fig 2: Evaluation of the hydrolytic enzymatic activity of the isolated strains.
(a) Distribution of the hydrolytic enzymatic activity of the isolated strains
according to the sampling site. (b) Hydrolysis halo of the extracellular

activities observed

IV. DISCUSSION

In our work, seven hydrolytic enzyme-producing strains
were isolated fromthe sediments of Byers Peninsula and the
Juan Carlos | Station, which suggests that the habitat of these
strains probably has a reservoir of organic matter that
stimulates the production of extracellular enzymes [18]. In
addition, it also demonstrates the versatility of the bacterial
communities present in the Livingston Island sediments in
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using high molecular weight compounds, which can be a
limiting step in the recycling of organic matter in the Antarctic
[4]. Onthe otherhand, 57% ofthe isolates were psychrophilic,
which suggests that these isolates are polar microorganisms
and are well adapted to low temperatures [15]; 43% of the
isolates were psychrotolerant, which can be considered an
advantageous survival strategy in polar ecosystems [19].

The cold-adapted bacteria isolated fromLivingston Island
were taxonomically characterized based on analysis of 16S
rRNA gene. Results showed that all the isolates were assigned
to the genus Pseudomonas, which coincides with previous
studies that have reported an abundance of this genus in
sediments and soils from cold environments [20]-[22] and
[11]. Different studies have shown that Pseudomonas spp. is
the dominant genus among Arctic and Antarctic cultivable
bacteria [23], owing to its metabolic versatility, low nutritional
requirements, and ability to resist extreme environmental
conditions [9] y [20]. These characteristics allow the species
of this genus to colonize different ecological niches, as they
have an r-strategy that allows them to grow rapidly on
enriched media and successfully compete in heterotrophic
conditions [24]. In addition, theabundance of this genus in the
sediments of Livingston Island may suggest that it plays a key
role within its ecosystem, as this genus produces extracellular
enzymes that may be involved in the degradation of organic
matter [4].

The strains isolated from Byers Peninsula were related to
P. fluorescens and P. antarctica. These results are consistent
with the data reported by [24] and [25], where adominance of
the genus Pseudomonaswas observed in marine and lacustrine
sediments of Byers Peninsula. P. fluorescens is an obligate
aerobe, although some strains can use nitrate as the final
electron acceptor during cellular respiration. It has an
extremely versatile metabolismand can be found in soil and
water [26]. The presenceof P. fluorescens has been previously
reported in seawaters [27], marine sediments [22] and [28],
soils [29-30], and freshwaters [22] from the Antarctic, as well
as in other cold environments around the world [19-20] and
[31]. P. antarcticais a gram-negative, motile, rod-shaped, and
psychrophilic [32]. This bacterium has previously been
isolated from samples of freshwater[27] and [32], glacier
sediments [17], and deep-sea sediments [28] from King
George Island, Antarctica.

On the other hand, species isolated from Juan Carlos |
Station were related to P. mandelii. P. mandelii is a
psychrotolerant bacterium characterized by its metabolic
versatility, plasticity, and biotechnological potential [33]. This
bacteriumwas first isolated frommineral water in France [34]
and it was also identified in mineral water samples fromSouth
Korea, and soil samples from China, United States, and
Canada [33]. Previous studies have reported the isolation of P.
mandelii from Antarctic soils in King George Island [22] and
Deception Island [20].

In this study, all the isolates showed hydrolytic enzyme
activity at low temperatures, which demonstrates the
enzymatic versatility of the genus Pseudomonas. Also, this
suggests that these bacteria probably contribute to the
hydrolysis of polymeric compounds (esters, proteins, a-and -
linked polysaccharides) present in the Antarctic sediments,
and therefore, are involved in the cycling of organic matterin
this ecosystem [18]. Our results coincide with the results of
studies by [7], [35], and [18], which reported the presence of
bacteria that produce hydrolytic enzymes in sediments present
in South Shetland Islands; this demonstrates the potential of
this location as asource of biotechnological products, such as
extracellular hydrolytic enzymes. On the other hand, we found
that most of the strains isolated in this study are producers of
multiple enzymes, which may be an adaptation strategy ofthe
strains to the changing conditions of availability of substrates
in theirecosystem, allowing themto take advantage ofa broad
spectrumofsubstrates for growth [18].

Among the enzymes evaluated in this study, most of the
isolates were able to produce proteases. Cold-active proteases
have been previously reported in psychrophilic and
psychrotolerant bacteria of the genus Pseudomonas isolated
from Antarctica [4], [15] and [35]. Remarkably, proteolytic
activity has beenthe most frequently detected enzyme activity
in marine sediments of cold environments, as it possibly has
an important function in the organic matter cycle and in the
regulation of algal blooms [7], [15] and [36]. Another
important group of hydrolytic enzymes detected in this study
was amylases. These results are in agreement with results of
previous studies, which report the isolation of cold-adapted
Pseudomonas with the ability to hydrolyze starch from
Antarctic sediments [4], [15], [28] and [35]. Notably, strain
UTB 109 related to P. antarctica displayed high amilolytic
activity, although [32] reported their inability to hydrolyze
starch. Most isolated bacteria were ureolytic, which is a
typical characteristic of the genus Pseudomonas [22];
however, there have been only a few studies on cold-active
ureases and their possible applications. The production of 8-
galactosidase, B-glucosidase and cellulases in the isolated
strains was detected in a smaller proportion. Various studies
have detected the production of B-galactosidase and f-
glucosidase by psychrophilic and psychrotolerant bacteria of
the genus Pseudomonas [32] and [37], but little has been
explored about their biotechnological potential. In terms of
cellulolytic activity, it was only detected in the isolates from
Byers Peninsula, which is in agreement with the study by [25],
that reported a high cellulose degradative capacity of the
microbial communities in Byers sediments. This could be due
to the high availability of organic matter in these sediments. In
recent years, the search for psychrophilic and psychrotolerant
enzymes has intensified: however, there are only a few reports
on cold-active cellulases. [35] reported cellulolytic activity at
different sites in the Antarctic, while [38] demonstrated the
presence of cellulolytic bacteria in Antarctic soils. However,
this is the first report of cold-active cellulases from
Pseudomonassp.
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The enzymes produced by the psychrophilic and
psychrotolerant bacteria isolated in this study display great
potential for various biotechnological applications dueto their
high specific activity at low and moderate temperatures and
greater structural flexibility [6]. Cold-active proteases are
widely used in various industrial applications, including food
manufacture for peptide synthesis [39], detergent production
as an additive [40], in the textile industry to improve the
production and finish of fabrics [40], and in the
pharmaceutical industry for the treatment of cardiovascular
diseases and digestive disorders [6]. Cold-active amylases
have especially been used in the fermentation process for the
production of beer and wine [41], in the detergent industry as
an additive, and in the textile industry for the desizing of

woven [6] é% glu005|dase fromcold-adapted bacteria has been
pplied produce biofuels via  bioconversion of

IlgnoceIIuI05|c materlals [42]. Cold-active B-galactosidase has
been used in the food industry to eliminate lactose from dairy
products, in order to improve the digestibility of these
products forthe lactose intolerant population [6]. Urease from
psychrophilic or psychrotolerant bacteria have not been
extensively studied, but different industrial applications have
been reported for these enzymes which include usage in
diagnostic kits for measuring urea, production of alcoholic
beverages [43], bioremediation of heavy metals [44], and
biocementation [45]. Finally, the use of cellulases has been
reported in the detergent industry to remove cellulose
microfibrils from cotton-based clothandas colour brightening
and softening agents [46].

V. CONCLUSIONS

The present study allowed the isolation of seven cold-
adapted Pseudomonasstrains with hydrolytic enzyme activity,
demonstrating the metabolic versatility of this genus and its
ability to survive in the extreme conditions of Antarctica.
Furthermore, our results showed that the Livingston Island
sedimentsare a promising source in the search for cold-active
enzymes with biotechnological potential. Future enzymatic
characterisation studies are required to determine the potential
of the enzymes produced by the strains isolated during this
study.
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