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Abstract
Polar microbiology remains as the most fascinating area of research which mainly focuses on exploration 
of psychrophilic organisms for having their cold-active enzymes of biotechnological potential. In this 
study, we have explored a culturable bacterial community and isolated 27 bacterial isolates with a 
different morphology from an unexplored site of Arctic region, for the possibility of identifying various 
active biomolecules. Screening of various isolates in a culture dependent manner helped us to identify 
strains capable of producing extracellular enzymes. The optimal growth parameters of most of the 
isolates are ranges between 18-22°C temperature, 3-5 days of incubation, 6-9 pH, and 3-5% (w/v) NaCl 
in LB media. It has also been found that among these isolates, 63% are able to produce lipase, 17% 
amylase, 7% xylanase and 7% isolates have responded for phosphatase activity but there are no isolates 
found for gelatinase and cellulase production ability. In addition, few isolates can also produce secretory 
protease, urease, β-galactosidase, etc. 16SrRNA gene sequence-based phylogeny revealed that the 
isolates belong to the genera of Psychrobacter, Planococcus, Halomonas, Arthrobacter, Oceanisphaera, 
Marinbacter, Pseudomonas, Algoriphagus. Strikingly, none of the Arctic isolates showed resistance 
towards commonly used antibiotics which indicates that the unexplored habitat is devoid of antibiotic 
exposure and so does the rise of antimicrobial resistance. The structure-function relationship of the 
isolated bioactive compounds from these isolates are the major focus of future research.
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INTRodUCTIoN
 The cold ecosystems cover almost 
three-fourth of the earth’s surface, and this 
has been colonized by low temperature loving 
extremophilic microbes.1 It is estimated that only 
1% of the total bacterial biodiversity is culturable 
in the laboratory using different media. Diverse 
cold-adapted microorganisms i.e., psychrophiles 
have recently been found in different low-
temperature environments, and their enzymes 
have attracted the interest of the scientists 
for their potentials in modern biotechnology.2 
Thereby, contributing economic and ecological 
benefits like energy saving, minimizing undesirable 
chemical reactions that occur at high temperature, 
cold-active enzymes which can be neutralized 
easily by heating when required. Enzymes that 
are active in low temperatures show a key role in 
psychrophiles to adapt to lower temperatures and 
remain as the primary importance to scientists 
owing to their application potential in industries.3 
Psychrophiles can produce cold-active enzymes4 
that are structurally flexible and thus have high 
complementarity between the active site and the 
substrate resulting in high catalytic activity. Lipases 
are ubiquitously found among prokaryotes and 
eukaryotes and are studied extensively, but less 
consideration has been paid to psychrotrophic 
bacterial lipases.3 Lipase produced by cold-loving 
bacteria can be used for their applications in food 

processing, bioremediation in cold environment, 
etc.5 These are also useful as detergent additives for 
cold washing to protect delicate fabrics.6 Pigments 
are another class of important biomolecules 
produced by psychrotrophs. The use of bio-natural 
pigments is much safer, as these are harmless, 
biodegradable and noncarcinogenic.7 The global 
trends are rapidly shifting towards the usage of 
daily commodities which are natural and eco-
friendly. The application of natural dyes is rising 
gradually among nutraceuticals, pharmaceuticals, 
cosmetics and dye industries. Excitingly, various 
environmental waste-materials have also been 
used for such pigment production, in a better 
sustainable manner.8 Natural pigments of bacterial 
origin are preferable over the pigments of plant 
origin due to higher solubility, stability and easy 
production by culturing the respective bacteria.9 
Pigments are not just coloring agents; they also 
possess different chemical structures with diverse 
biological activities.10 Other than bacteria, many 
micro-algae and fungi remain as the alternatives 
for production of such natural pigments.8,9,11-13 
Other life forms in hostile cryosphere remain 
impossible in past but there are diverse microbial 
communities present for a long time and remain 
as the major candidate to build the glacial 
ecosystem.14,15 However the microbial communities 
living in such cold environments are exposed all the 
time with various radiations, low temperatures, 

Fig. 1. Geographical map of the sampling sites.
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higher salinity, nutritional deficiency and repeated 
freeze-thaw cycles. Thus, the pigments can also 
be able to protect the producing organisms from 
different ecological stresses. These can well be 
used as a source of energy16 and also are the 
tools to fight against stress,17 oxidants, extreme 
temperature and desiccation,18 and for the 
safety against UV irradiation.19 Sometimes such 
molecules can be used as anti-microbials to protect 
from the neighboring organisms and sometimes 
as a protective shield to evade antibiosis. There 
are many reports on diverse group of pigment 
molecules produced from microorganisms residing 
in glaciers, ice cores, and marine surface waters 
and found to be essential to the microorganisms to 
overcome environmental stress.20-23 Psychrophiles 
can undergo morphological change and produce 
various metabolites for their protection while 
growing in the hostile environment. Carotenoid 
is one of such examples that is produced by many 
organisms as a protective mechanism for their life 
in cryospheric environments.24 In this study, we 
screened psychrotophic bacterial strains isolated 
from NyAlesund (78˚55"N, 11˚54''E), Svalbard, 
Norway for exploration of bacterial diversity in 
focus of few novel isolate identification which are 
industrially important for their active biomolecule 
production. 

MAteRiAls ANd MethOds
Collection, pre-treatment and assessment of soil 
sample
 Collection of the soil samples has been 
done from different spots of Ny Alesund (latitude: 
78˚55"N, longitude: 11˚54''E), Norway (Fig. 1). 
Soil samples were stored at -20˚C for analyzing 
their physiochemical attributes in future. The 
estimation of electrical conductivity,25 pH, organic 
carbon, total organic matter following titration 
method,26 available phosphorous has been 
carried out following the procedure explained in 
Sarkar and Haldar.27 Flame photometer has been 
implemented to measure the total potassium 
available.27 Available soil potassium was extracted 
by using CH3COONH4 and filtered by the Whatman 
paper. Based on the principle of emission 
spectrometry the sample was analysed using the 
flame photometer.
Isolation of bacteria
 Soil samples were diluted up to 10-5 and 

0.1 mL of this was spread on LA (in 1 L, tryptone 
10 g, sodium chloride 10 g, yeast extract 5 g, agar 
15 g, pH 7.0); R2A medium (for 1 L medium, agar 
20 g, pH 7.3) and Zobell Marine agar medium (for 
1 L, agar 15 g, pH 8.1) with 50 µg/mL of nystatin 
or cycloheximide supplementation as antifungal 
agent.28 Inoculated plates were incubated for 3-5 
days at 18-22°C. Individual colony appeared upon 
incubation were selected by their morphology 
and/or developed colour and to get pure culture 
streaked on fresh plate.
Characterization of bacteria
Morphological and cultural characteristics
 Gram-staining properties and the 
colony morphology based on the colony shape, 
size, margin, texture, optical properties were 
investigated after incubating each culture in 
LA medium for 4 days. For scanning electron 
microscopy, the freshly grown colonies were 
placed on cover-slip and fixed for 5-20 min with 
0.1 M cacodylate buffer with the pH 7.2 at 4˚C 
having 0.5% glutaraldehyde. This further has been 
washed for 30 min with 0.1 M cacodylate buffer, 
and the colonies were postfixed in 1 % OsO4 for 
2-3 min at 4˚C29 followed by dehydration with 
alcohol at ambient temperature. The morphology 
of these isolates was visualized through ZEISS EVO 
18 scanning electron microscopy. For negative 
staining, transmission electron microscopy 
the water-suspended bacterial colonies were 
transferred on copper grids and with the same 
volume of an aqueous solution of 0.5 % w/v 
uranyl acetate, it has been stained negatively.30 
In room temperature the sample were air dried 
and examined under electron microscope (JEOL 
JEM 2100). The optimal growth parameters of 
the isolates were determined in the range of 
temperature (4°C to 30°C), pH (4 to 10), and NaCl 
(3% to 15%).
Analysis of biochemical characters of the isolates
Biochemical characterization of each isolates 
were determined based on their mixed acid 
fermentation (methyl red, Voges-Proskauer), 
ability to produce indole, utilization of citrate, 
catalase production abilities and also on abilities 
to reduce nitrate, formation of H2S, ability to 
utilize different carbon-sources (ribose, glucose, 
lactose, sucrose, pyruvate, D-fructose, D-xylose, 
D-maltose, D-galactose, D-arabinose, D-mannose, 
D-adonitol, D-raffinose, D-melizitose, L-rhamnose, 



  www.microbiologyjournal.org4Journal of Pure and Applied Microbiology

Uddin et al. | J Pure Appl Microbiol | https://doi.org/10.22207/JPAM.16.1.13

melibiose, inositol, and dulcitol) following standard 
protocol.31,32 The utilization ability of nitrogenous 
source (L-asparagines, L-arginine, and L-alanine) 
of these bacteria were checked following standard 
protocol.33,34

Assessment for biomolecule production ability
 The bacterial isolates were tested for 
their capability to produce exoenzymes like 
lipase, amylase, cellulose and xylanase. Xylan 
and cellulose degradation were detected by 
using congo-red overlay method35 after streaking 
the pure colonies on solid media that contains 
either xylan or cellulose (1% xylan or 1% CM 
cellulose supplemented with 0.3% beef extract 
and also 2% agar in order to detect the xylanase 
or cellulase). To perform this, the respective plates 
were submerged with 0.1% congo red aqueous 
solution for about 10 min and then washed with 
1M NaCl. The lipid degrading ability were assayed 
using tributyrin or olive oil (10 mL/L) containing 
agar media.36 Degradation of xylan, cellulose, 
and lipid was visualized by the clear-zone that 
appeared around the developed bacterial colony. 

Similarly, the gelatinase assay was performed 
on the nutrient-gelatin agar. Urease function 
was tested in medium containing urea in it. The 
modified starch agar media (consist of 0.3% beef-
extract, 1% starch and 2% agar) has been used for 
checking the starch degradation ability confirmed 
by using the solution of Gram’s iodine. The skim-
milk containing agar media has been used to test 
the caseinase secretion ability.34 Pikovakaya’s agar 
medium (Himedia) was used for identifying the 
bacteria which have phosphate solubilizing ability. 
Genomic dNA isolation
 Individual bacterium grew independently 
in 5 mL Luria broth for 3-4 days at 20°C in shaking 
conditions. Genomic DNA from all the bacterial 
culture were extracted by phenol-chloroform 
method.37

16S rDNA gene sequence based phylogenetic 
analysis
 1 6 S  r D N A s  o f  e a c h  i s o l a t e 
w e r e  P C R  a m p l i fi e d  u s i n g  t h e  8 F 
(5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R 
(5’-ACGGTTACCTTGTTACGACTT-3’)38 universal 

table 1. List of culture dependent strains isolated from the Arctic soil

Strain Accession Optimal growth Appearance of visible 
isolated numbers  temp. (°C) colonies (days)

RSAP1 MH348974 20-22 5
RSAP6 MH348975 4-10 4
RSAP7 MH348976 4-10 4
RSAP8 MH348977 15-18 5
RSAP9 MH348978 15-18 3
RSAP10 MH348979 15-18 3
RSAP11 MH348980 10-15 3
RSAP12 MH348981 15-18 3
RSAP13 MH348982 18-20 4
RSAP14 MH348983 18-20 4
RSAP15 MH348984 15-18 3
RSAP18 MH348985 15-18 3
RSAP19 MH348986 10-15 4
RSAP21 MH348987 15-18 3
RSAP23 MH348988 10-15 4
RSAP24 MH348989 20-22 4
RSAP25 MH348990 20-22 3
RSAP26 MH348991 20-22 3
RSAP27 MH348992 10-15 2
RSAP17 MK391379 20-22 3
RSAP22 MK391380 20-22 4
RSAP16 MK391381 20-22 5
RSAP8 MK391382 15-18 3
RSAP2 MW346644 20-22 5
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primer. After purification of the 16S rDNA PCR 
amplicon, they were sequenced following Sanger’s 
method of DNA sequencing. Sequence of both 
the DNA stands were aligned and arranged 
by using the Bioedit software (http://bioedit.
software.informer.com) and recovered the 16S 
rDNA complete gene sequence of each isolate. 
The sequences were uploaded at EZbiocloud 
server (https://www.ezbiocloud.net/) to get the 
information of closely related strains. The output 

file has also been compared through the BLASTn 
program of NCBI (https://blast.ncbi.nlm.nih.gov). 
The sequences of the type strains were collected 
from the EZbiocloud server39 and multiple 
sequence alignments were performed using 
the clustal W program of Mega7.40 Through the 
neighbor joining (NJ) method,41 the phylogenetic 
tree were built and the evolutionary distances 
were calculated by Kimura 2 parameter model.42 
Bootstrap values have been derived from the 
resampling at 1000 times. 
Assay for antibiotic sensitivity
 Widely used standard antibiotic have 
been used to screen the sensitivity of the isolated 
strains towards each antibiotic. Antibiotics 
included in this study were inhibitors of bacterial 
cell-wall like Penicillin G (10 U), Carbenicillin 
(10 µg), Amoxocillin/Clavulinic acid (20/10 
µg), Aztreonam (30 µg), Cefazolin (30 µg), 
Cefoperazone (75 µg), Cefoxitin, Cefuroxime (30 
µg) and Cefepime (30 µg), Mezlocillin (75 µg), 
Vancomycin (30 µg); outer membrane inhibitor 
like Polymyxin B (30 µg) and Colistin (10 µg); 

table 2. Characteristic of soil and its elemental 
composition

Soil characters Description

Soil color Blackish
Moisture content Moderate
pH 8.1
Soil conductivity 0.6528 ds/m
Organic C (%) 0.526
Total organic matter (%) 0.9076
Total phosphorous 0.4775 kg ha-1

Total Potassium 58 ppm

Fig. 2. Morphological appearance of random representative isolates. Upper panel represents the appearance of 
representative bacterial colonies on LA medium, middle panel represents the scanning electron micrograph and 
the lower panel represents the transmission electron micrograph. (a) RSAP19, (b) RSAP10, (c) RSAP25, (d) RSAP19, 
(e) RSAP21, (f) RSAP1, (g) RSAP22, (h) RSAP17 and (i) RSAP16.
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nucleic acid inhibitors: Ciprofloxacin (5 µg), 
Norfloxacin (10 µg), Levofloxacin (5 µg), Ofloxacine 
(5 µg), Co-trimoxazole (25 µg), Novobiocine (30 
µg), Rifampicin (30 µg), and Nitrofurantoin (30 
µg); protein synthesis inhibitor: Clindamycin (2 
µg), Tobramycin (10 µg), Oleandomycin (15 µg), 
Lincomycin (15 µg), Chloramphenicol (30 µg), 
Tetracyclin (30 µg), Gentamycin (10 µg), Amikacin 
(30 µg) and Streptomycin (25 µg). On Muller 
Hinton agar plate 100 µL of fresh inoculum were 
spreaded using a spreader and incubated at 20°C 
for 3-4 days after placing the antibiotic discs on 
each. Sensitivity to any antibiotic was determined 
by the diameter of the zone of inhibition. Bacterial 
isolates were assigned either as resistant or 
sensitive towards used antibiotics.
Accession numbers of isolates
 The sequences of 16S rRNA gene of 24 
isolates were deposited in NCBI and the accession 
numbers are mentioned in Table 1.

ReSULTS ANd dISCUSSIoN
description of sample collection site
 The sample collection sites are from Arctic 
region which is absolutely free from anthropogenic 

disturbances. The blackish-coloured soils are 
having moderate moisture with granular forms 
i.e., not muddy or dough. General characters of the 
Arctic samples, where from the bacterial isolates 
have been cultured, are found to be alkaline (pH 
8.1). The soil conductivity is 0.06528 ds/m which 
indicates it as a non-saline soil. The total organic 
substance, organic carbon, total potassium and 
phosphorous were 0.9076%, 0.526%, 58 ppm, 
0.4775 kg ha-1, respectively (Table 2) indicating 
the presence of relatively low organic carbon, 
phosphorus and potassium content in the soil 
sample. In general, as there is a very low level 
of organic matter present, the diversity of 
microbial community might be affected due to 
very high competition among organisms for the 
limited source of carbon. Thus, the possibility of 
prevalence of fastidious organisms and diversity in 
the bacterial community are also under challenge. 
Bacterial community analyses
 Demand of cold-adaptive enzymes 
for probable industrial applications are always 
high. Drive on the discovery of new enzymes 
from psychrophilic or psychtrophic bacteria are 
even more promising. Hence for searching novel 

Fig. 3. Production ability of biomolecules and growth parameters of the isolates. (a) Production of different enzymes 
by isolated bacteria; (b) Physiological parameter of isolated bacteria; (c) Carbon and nitrogen utilization pattern 
of isolated bacteria.
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bacterial isolates from such unexplored region 
increase the possibility to get new enzymes and 
useful bioactive-molecules. Among those isolated 
strains few are able to produce pigment also. A 
total of 27 bacteria were isolated. Among the 
used media for culturing these isolates, the most 
diversities in colony morphology were found 
in LB media (Fig. 2). Analysis based on the 16S 

rRNA sequence predicted that among the total 
isolates, 5 are from the genus Psychrobacter, 
3 from genus Planococcus,  2 from genus 
Halomonas, 2 from genus Arthrobacter, 2 from 
genus Oceanisphaera, 2 from genus Marinbacter, 
2 from genus Pseudomonas, and 2 from the genus 
Algoriphagus. Among the 27 isolates, 5 colonies 
exhibited pigment while growing on LA medium 
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(Fig. 2). Many isolates have potential secretory 
exoenzymes and they could essentially open 
significant industrial application. Most of the 
isolates showed the secretion of lipase, cellulase 

and amylase while some showed the ability to 
produce substantial urease and xylanase enzyme. 
From primary screening, it has been found that 
out of 27 isolates, none of the isolates represents 

Fig. 4. Phylogenetic analysis through neighbour joining tree based on the 16S rDNA linear sequence. Only >50% 
bootstrap values are shown at branch node from 1000 replicates.
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any anti-microbial activity. Out of 27 isolates, 20 
isolates produce lipase enzyme and 10, 5, 2, 2, 2,1 
and 1 isolates produce nitrate reductase, amylase, 
xylanase, protease, phosphatase, β-galactosidase 
and urease, respectively. We have found that there 
are 5 isolates of which are capable to produce 
pigments while grown on respective mediums. 
Furthermore, the carbon and nitrogen utilization 
patterns in these isolates are different (Fig. 3C). 
Most of the isolates are sensitive towards almost 
all the antibiotics we have tested. Once again it 
indicates that the environment which is devoid 
of any disturbance of human civilization and has 
not been exposed to the antibiotics are having 
bacterial flora that are sensitive to most of the 
existing antibiotics. The rise of antimicrobial 
resistance is almost nil in microbes of such 
environment and this is a clear indication that 
the rise of antimicrobial resistance is aggravated 
among microbes which are exposed to various 
antibiotics. 23 isolates are able to grow in 15°C, 
12 isolates in 10°C, and 18 isolates can grow in 
20°C however the optimum temperature of their 
growth has been recorded as 20°C±2°C. The level 
of tolerance of 24 isolates is 3% NaCl, 6 isolates 
up to 15% NaCl and 18 isolates up to 7% NaCl 
(Fig. 3B). The isolates can even grow in absence of 
NaCl, and also the majority of these can survive in 
as high as 3% NaCl and rationalize themselves as 
mild halotolerant. The total 8 isolates are able to 
grow in pH 4. However, most isolates favor to grow 
under the media condition of neutral to alkaline 
pH 6 to 9 (Fig. 3B). 
 The BLASTn analysis with 16S rDNA 
sequence revealed that the isolates are mostly 
between the range of 98-100% sequence similarity. 
Five isolates found to have 99% sequence similarity 
with the genus Psychrobacter, three isolate 
with Planococcus, 2 isolates are 99% similar 
to Arthrobacter and Halomonas, 2 isolates are 
having 98% similarity with Marinobacter and 
Algoriphagus sp. About 63% of these isolates are  
able to produce lipase enzymes. Three isolates 
have the potential to be novel species as these 
are showing unique morphological, biochemical 
and molecular characteristics. As for example, 
on isolate shows less than 16S rDNA sequence 
98.7% similarity and can be claimed as new 
species following the modern trend of bacterial 
systematics.43 Whereas 3 isolates which showed 

16S rDNA sequence similarity between 98.7 -99 
% also likely to be a new bacterial species which 
needs to be validated upon exploring their genome 
sequence and chemotaxonomic features. Most 
of the isolates fit within a monophyletic group 
(which shows close-similarity when compared 
with their nearest ancestors) based on both 
maximum likelihood (ML) and neighbour joining 
(NJ) phylogeny. The 16S rDNA linear sequence-
based neighbour joining tree were shown in Fig. 
4 where only >50% bootstrap values (from 1000 
replicates) are mentioned at the branch nodes.

CoNCLUSIoN
 Demand of novel enzymes, pigments and 
different biomolecules are always high. The new 
enzymes and pigment discovery always remained a 
primary thrust area for scientists. Thus, the search 
for novel bacteria from the under-explored Arctic 
region should have a higher probability to obtain 
new enzymes and bioactive molecules from them. 
27 bacteria were isolated using three media and 
most diverse strains with enzyme and pigment 
produce were found in LA media. Among the 
isolates, 20 isolates produce lipase enzyme; 10, 5, 
2, 2, 2 and 1 isolates produce nitrate reductase, 
amylase, xylanase, protease, phosphatase and 
urease, respectively. Each of these enzymes is 
supposed to be the cold-active one as the source 
organisms survived in the hostile environment 
of the Arctic region. The phylogenetic analysis, 
based on the 16S rRNA gene sequence, indicated 
that among the culturable bacteria we isolated, 
5 species of Psychrobacter, 3 Planococcus, 2 
Halomonas, 2 Arthrobacter, 2 Oceanisphaera, 
2 Marinbacter, 2 Pseudomonas, 2 species of 
Algoriphagus from LB media. The detailed 
understanding of few isolates were found to be 
unique based on their morphological, biochemical 
and molecular characterization. Among these 
novel isolates, RSAP17 is a potent lipase producer 
hence its lipase enzyme production, purification 
and characterization have further been studied. 
Lipases have the potential for application in the 
biotechnological industry in diverse fields of food 
processing, detergent additives, biodegradation 
of unwanted wastes from cold environments. 
Another isolate has been identified as Kocuria sp. 
RSAP2, produces profuse yellow colour pigment. 
The 16S rDNA-phylogeny and the morpho-
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biochemical investigation also predicts the strain 
RSAP2 under the genus Kocuria. We would further 
analyze the pigment production from the isolate 
RSAP2 using different media with a varied range of 
temperatures, pH, concentration of NaCl and time 
of incubation in order to optimize the production 
of the pigment. Cold active extracellular enzymes 
and other non-enzymatic biomolecules produced 
by different psychrotrophs are important for their 
possible industrial applications. Moreover, the 
knowledge database helps to understand the 
eco-physiological role of these bacteria in their 
extreme habitat.
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