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Abstract

We isolated psychrophilic bacterial strains from high altitude
(elevation 13,390 ft) Manimahesh Lake of Chamba District of
Himachal Pradesh. Based on phenotypic characteristics and growth
appearance at 4°C, four bacterial isolates (MMPP2, MMPP4,
MMPP5, and MMPP7) were selected and showed optimum growth
at 20°C and no growth was detected at 25°C. Qualitative assay
showed that cell free medium of MMPP4 prevent inhibition of
freezing (antifreeze activity) as determined by freezing of cell free
medium at -20°C for seven days. Proteinase K treatment and heat
inactivation at 80°C for 6 h resulted in the loss of antifreeze activity,
suggesting a proteinaceous nature of antifreeze activity. MMPP4
produces protease, phytase and lipase enzymes, but did not produce
amylase. Moreover, cell free supernatant of MMPP4 showed
proteinaceous type of antimicrobial activity against S. aureus as
measured by agar well diffusion assay. To identify the MMPP4
strain, 16s rDNA was amplified using 27F and 1492R standard
primers and sequenced on both the strands. Nucleotide BLAST and
phylogenetic analysis showed 99% identity to Janthinobacterium
lividum strain and deposited in GenBank accession no. as
KJ509870. The finding revealed a great potential of the
Janthinobacterium lividum strain MMPP4 for biotechnological
applications as a source of industrially important enzymes and
antimicrobial compound.
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Introduction

Life exists in a diverse range of habitats including extremes of
temperature, pH, salt, pressure, etc, Organisms adapted to cold
environment (e.g. Antarctic or Arctic cold) produce antifreeze
proteins (AFP) that prevents the organisms from freezing and allows
them to survive below 0°C (Vries 1971). Antifreeze proteins were
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discovered in the early 1970s, in the blood of Antarctic fish.
AFPs adsorb onto the ice surface and lower the freezing
temperature which inhibits ice crystallization (Knight and
Duman 1986). AFPs are produced by various organisms, such
as Solanum dulcamara (Duman 1994), Secale cereal
(Antikainen and Griffith 1997), Daucus carota (Worrall et al
1998), and Lolium perenne (Sidebottom et al 2000), fish (Tong
et al 2000), and diatoms (Bayer-Girald et al 2010). Many
bacteria, such as Pseudomonas putida GR12-2, isolated from
soil from the Canadian High Arctic (Sun et al 1995),
Rhodococcus erythropolis isolated from the midguts of
beetlelarvae and Micrococcus cryophilus isolated from chilled
sausages (Duman and Olsen 1993) and other bacteria
(Raymond et al 2008; Raymond et al 2007) have been
characterized for the production of AFPs. More recently, AFPs
have recently been identified in yeast (Park et al 2011), fungi
(Xiao et al 2010), and mushrooms (Raymond and Janech
2009). Structurally AFPs have evolved independently and has
been classified into five groups (types I-1V and antifreeze
glycoproteins) depending on their structural characteristics and
source (Davies and Sykes 1997). AFPs from insects, including
long horn beetle and spruce budworm have been isolated,
cloned, expressed and studied extensively (Graether and Sykes
2004; Graether et al 2003). AFP finds varied applications in
medicine (for improving cryosurgery; enhancing preservation
of tissues for transplant or transfusion), food
processing/production (lengthening the shelf life of frozen
foods), and Agri/Aquaculture (increasing freeze tolerance of
crop plants; improving farm fish production; extending the
harvest season in cooler climates). Though, there is wealth of
information about AFPs, but microbes from different climatic
conditions largely remained unexplored for the production of
AFPs. Moreover, microorganisms producing AFPs as well as
antimicrobial compounds have not given much attention.

Here we report the isolation of Janthinobacterium lividum-
MMPP4 strain, a psychrophilic bacterial strain from sub
glacier Lake of Manimahesh of Chamba district of Himachal
Pradesh, India. Janthinobacterium lividum-MMPP4 produces
antifreeze protein(s) and antimicrobial compounds.



847

J Biochem Tech (2015) 6(1): 846-851

Materials and Methods
Sample collection site and isolation of bacterial strains

Water sample was collected aseptically from the Manimahesh Lake
(15750 ft) situated in Chamba district of Himachal Pradesh
(coordinates 32°23'42"N 76°38'14”"E). 10 ml water sample was
centrifuged at 8,000 rpm for 10 minutes and the microbial cell pellet
thus obtained was resuspended in 1ml sterilized water and 200 pl of
sample was spread on LB-agar plates and incubated at 4°C for one
week. Four individual colonies were selected based on size, color,
texture and morphology. The isolated colonies were purified by four
successive streaking on nutrient agar plates and confirmed the
growth at 4°C.

Biochemical characterization of microbial isolates

To determine the optimum temperature for growth, microbial strains
were streaked on nutrient agar medium and incubated at 4, 20, 25,
30, and 37°C for 7 days and observed for growth. Gram’s staining
was performed as described (Madigan et al 2004) and shape and
Gram’s reaction was observed under the microscope. A drop of 3%
hydrogen peroxide was placed on the smear of microbial strain and
observed for the formation of bubbles of oxygen as an indicative of
Catalase enzyme. Oxidase and motility tests were also performed as
described previously (Pickett and Greenwood 1986).

Ice crystallization inhibition Assay

The Ice crystallization inhibition assay of all 4 isolates was tested
qualitatively by the freezing assay (Hirano et al 1985) with
modification. Isolates were grown in 20 ml nutrient broth and
incubated at 4°C until the stationary phase is reached. Cells were
removed by centrifugation at 8000 rpm for 5 min. and cell free
supernatant was incubated at -20°C and observed for inhibition of
ice crystallization for seven days. The sample showing inhibition of
ice crystal growth (did not freeze considered as “active” for
antifreeze proteins), whereas the sample showing no inhibition of
ice crystal growth (freezes and considered as non-active for
antifreeze proteins). The control was water sample or supernatant of
DH50 laboratory strain, which was grown in LB medium at 37°C. In
order to determine the proteinaceous nature of the antifreeze
activity, cell free supernatants were treated with proteinase K
solution (1pug/ml) for the test sample and water was added for the
control. Both samples were incubated at 37°C for 6 h, further
incubated at -20°C and observed for inhibition of ice crystallization
for seven days. Similarly, cell free supernatants were heat
inactivated at 80°C for 30 min, incubated at -20°C, and observed for
inhibition of ice crystallization for seven days.

Enzymatic and Antimicrobial assays

The culture of MMPP4 strain was grown at 20°C to an Asponm = 1,
whereas DH5a was used as control strain and grown to an equal cell
density at 37°C. The protease, amylase, lipase, and phytase activities
were measured by supplementing LB agar medium with enzyme
specific substrates such as casein (1% wi/v), soluble starch (1% w/v),
trybutyrin (1% v/v), and sodium phytate (0.25% wi/v) respectively.
Equal number of cells in 5ul of the culture was inoculated on the
surface of the medium and plates were incubated at 20°C for 12 h.
The zone of clearance around the point of inoculation of culture
indicated the presence of enzyme activity. Antimicrobial activity of
the cell-free supernatant of the stationary phase grown culture of
MMPP4 strain was evaluated by standard agar well diffusion assay
(Perez et al 1990). The culture of MMPP4 strain was grown in LB
broth medium at 20°C to an Aggo= 2.5, Whereas DH5a was used as

control strain and grown to an equal cell density at 37°C. Wells
of 6 mm in diameter were punched in LB agar medium in
which top layer of soft agar (0.7%) was seeded with S. aureus
as test organisms. 50 pl of cell-free supernatant of
stationery grown culture was added in the wells. As a control,
filter disc of standard drug ampicillin (50 pg) was used. Cell-
free supernatant was also heat inactivated at 80°C for 30 min
and tested alongside for antimicrobial activity. Plates were
incubated at 20°C for 18 h. Antimicrobial activity was
measured as a zone of inhibition of microbial growth around
the well. To assay the bactericidal or bacteriostatic activity,
cells were carefully scraped from the zone of clearance around
the well and streaked on nutrient agar plates, and observed for
the growth after 24 h of incubation 37°C.

Identification of bacterial strain by 16S rDNA Gene
Amplification by PCR and phylogenetic analysis

Total genomic DNA was isolated as described (Sambrook et al
1989) and electrophoresis was performed on 1% agarose gel,
followed by staining with ethidium bromide (10 mg/ml) and
visualized under gel documentation (Alpha Innotech).
Genomic DNA was quantified using spectrophotometer by
measuring ratio of absorbance at 260/280 nm. 16S rDNA
sequence was amplified using universal bacterial specific
forward primer 27F (5’-AGAGTTTGATCCTGGCTC-3’) and
reverse primer 1492R (5’- GGTTACCTTGTTACGACT-3).
The PCR reaction conditions were, initial denaturation for 2
minutes at 94°C followed by 35 cycles of 30 seconds at 94°C
(denaturation), 30 seconds at 49°C (annealing), 2 minutes at
72°C (elongation) and 1 cycle of final extension at 72°C for 10
minutes. 16S rDNA amplified product was gel purified and
sequenced on both the strands using 27 F and 1492 R primers
at Eurofins, Bangalore, India (www.eurofins.com). Complete
nucleotide sequence was generated by removing the
overlapping nucleotides and was subjected to blastn
(http://blast.ncbi.nlm.nih.gov) search at NCBI database. The
first 20 hits showing greater than 95% similarity were used for
the construction of dendrogram by using MEGA 4 software
(http://www.megasoftware.net). The nucleotide sequence was
submitted in the GenBank
(http://www.ncbi.nlm.nih.gov/genbank/).

Results

The current study was initiated to isolate the psychrophilic
microorganisms from the water sample of Manimahesh Lake
(sub Glacier Lake) and screen them for the presence of
antifreeze proteins, which finds application in medicine, food
processing, and agriculture. The lake is situated in Chamba
District of Himachal Pradesh at an altitude of 13390 ft above
the sea level. Mostly, the lake remains frozen from October
through June and resulted in very scanty flora and fauna.

Microflora corresponding to 10 ml original water samples were
plated on LB agar plates and incubated at 4°C for seven days.
Distinct and visible bacterial colonies started appearing on
fourth day. On seventh day of incubation (Fig. 1A), four
colonies were selected based on the size and color and named
MMPP2, MMPP4, MMPP5, and MMPP7 (Fig. 1A).
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Table 3: Antifreeze activity of Psychrophilic isolates
S. No. | Isolates Freezing (-20°C) days
1st 2nd 3rd 4th 5[h 7th
1 MMPP2 - - - - - +
2 MMPP4 - - - - - -
3 MMPP5 - - + + + +
4 MMPP7 - - - + + +
5 DH5a + + + + + +

a — ——
Figure 1: Isolation of bacteria from water sample of Manimahesh Lake.
Water samples were spread on nutrient agar broth and incubated at 4°C for
one week (A). Distinct and isolated colonies (named MMPP2, MMPP4,
MMPP5 and MMPP7) were streaked on nutrient agar medium as indicated
and incubated at 4°C for four days (B).

To test the limit of temperature for the growth, all the four isolates
were streaked on LB agar plates and incubated at different
temperature of 4, 20, 25, 30 and 37°C for four days. Growth was
detected at 4 and 20°C, but no growth was detected at 25°C and
higher temperature of incubation. Comparatively, the growth was
more at 20°C than 4°C (Table 1). This suggests a psychrophilic
nature of all the four isolates.

Table 1: Effect of Temperature on the growth of psychrophilic isolates
S. No. Growth (°C)

Isolates 4 20 25 30 37
1 MMPP2 +++ a—— - - -

2 MMPP4 +++ a—— - - -

3 MMPP5 +++ a—— - - -

4 MMPP7 +++ a—— - - -
Plus sign (+) indicates the presence of visible growth and minus sign (-)
indicates the absence of growth. Plus four signs (++++) indicates more
visible growth as compare to plus three signs (+++).

All the four isolates were whitish in color. MMPP4, MMPP5 and
MMPP7 are Gram’s negative, whereas MMPP2 showed Gram’s
positive reaction. MMPP4 is a rod shaped bacterium, whereas
MMP2, MMP5, and MMP7 are Cocci. MMPP2 and MMPP5
showed the presence of catalase enzyme, but oxidase enzyme test
was positive only for MMPP2. MMPP2 and MMPP5 are non-
motile, whereas MMPP4 and MMPP7 are motile bacteria (Table 2).

Table 2: Biochemical characteristics of psychrophilic isolates

Isolates | Shape | Gram’s Catalase/ Motili | Color
reaction Oxidase ty test
test
MMPP2 | Cocci + +/+ - Off white
MMPP4 Rods - -/- + Off white
MMPP5 | Cocci - +/- - Transparent
MMPP7 | Cocci - -/- + White

Plus sign (+) indicates the presence and minus sign (-) indicates the absence
of reaction/test

Cell-free media of MMPP2, MMPP4, MMPP5, and MMPP7 were
recovered from the stationary phase of growth and examined for
antifreeze activity by incubating at -20°C and compared to cell free
supernatant of DH5a as control strain over a period of one week.
The assay is based on the principle of ice crystal formation and the
presence of antifreeze proteins results the inhibition of freezing. Cell
free media with antifreeze activity appeared clear, whereas media
without antifreeze activity appeared turbid when photographed.
Interestingly, cell free media of MMPP4 did not freeze over a period
of one week, whereas MMPP2 forms ice crystals by seventh day of
incubation. In contrast, the cell free media of MMPP5 and MMPP7
turn into ice crystals by third and fourth day respectively and
appeared turbid. Moreover, the control sample freezes within 5-6 h
of incubation (Table 3).

Plus sign (+) indicated freezing and minus sign (-) indicates the
absence of freezing.

We further analyzed the cell-free supernatant of MMPP2 and
MMPP4 after treatment of cell free medium with proteinase K
(1mg ml™ for 30 min) and heat inactivation (80°C for 30 min)
to destroy proteins. This resulted in loss of antifreeze activity
and led to freeze the sample within 5-6 h of incubation at -
20°C (Table 4). This indicated that the antifreeze activity is
proteinaceous in nature.

Table 4: Effect of proteinase K and heat treatment on antifreeze
activity of psychrophilic bacterial isolates

Isolates | Treatment Freezing (-20°C) days
1 2 3 4 5 6 7
MMPP2 | Protease K | + | + |+ [+ |+ |+ |+ | +
- - - - - - - +
80°C for R
30 min - - - - - - - -
MMPP4 | Proteinase S T I T O O O
80°C for R
30 min - |- - - - R R N
DH5a Proteinase | + | + |+ |+ |+ |+ |+ |+
K RN E:
80°C for R
30 min RN

Plus sign (+) indicates freezing/treatment and minus sign (-) indicates
no freezing/no treatment as indicated.

Cell-free supernatant of MMPP4 was also analyzed for
antimicrobial activity using agar well diffusion assay against
Staphylococcus aureus strain. It was observed that cell free
supernatant of MMPP4 showed remarkable inhibition of
Staphylococcus aureus growth similar to ampicillin around the
well indicating the production of antimicrobials (Fig. 2A,
compare well number 1 with well no 2 and 3). The size of the
zone of inhibition was 10 mm in the presence of ampicillin (15
Mg). On the other hand, 7 mm and 12 mm zone of inhibition
was observed, when 5 pl (5 pg) or 10 pl (10 pg) of cell free
supernatant of MMPP4 isolate was respectively used. Cell-free
supernatant of MMPP4 strain was further analyzed for
antimicrobial activity after heat treatment at 80°C for 30 min.
More interestingly, the antimicrobial activity was completely
inhibited, when sample was heat inactivated as compared to
untreated sample (5 mm) as shown in Figure 2B (compare well
no. 1 with 2). This further reinstates the protein nature of
antimicrobial activity. To study the mechanism of growth
inhibition, cells were carefully scraped from the zone of
growth inhibition and further streaked on fresh LB agar
medium. Interestingly, no growth was observed for the
untreated sample in contrast to the heat inactivated sample
(Fig. 2C, compare 1 and 2). This demonstrates the
bacteriocidal nature of the antimicrobial compound produced
by MMPP4 strain.
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Sampleloading
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Figure 2: Antimicrobial assay using agar well diffusion method.
(A) MMPP4 strain was grown in LB broth at 20°C to an optical density of 1.0
at Agoo nm. Cell-free medium, 5 pl in well number 2 and 10 pl in well
number 3 was loaded. A filter disc of ampicillin (15 pg) was used as control
(well no. 1). (B) Heat inactivated cell free medium (well no. 2) was assayed
as compared to untreated sample shown in well no. 1. (C) Cells were scraped
around the zone of growth inhibition (B, well no. 1) and further streaked on
LB agar medium in comparison to treated sample.

Furthermore, cell free media of MMPP4 strain was tested for
different enzymatic activities using agar well diffusion assay in the
presence of specific substrates. The results showed the production of
hydrolytic enzymes such as protease (3 mm zone of clearance),
lipase (3 mm zone of clearance), and phytase (5 mm zone of
clearance) in LB agar media supplemented with casein (1% w/v),
Tributyrin (1%), and sodium phytate (0.25% w/v) respectively (Fig.
3 A, B and D). Surprisingly, amylase activity was not detected in the
MMPP4 strain when assayed in the LB medium supplemented with
1% starch (w/v) and iodine staining (Fig. 3C).
A B C D

Zone of
clearance
Microbial
culture

MNMP4

DHSa

Figure 3: Enzymatic assays for the degradation of starch, casein,
tributryin and phytate. MMPP4 strain was grown in LB broth at 20°C to an
optical density of 1.0 at Ao M. 5 pl of cell suspension was spotted on LB
agar medium supplemented with 1% casein (A), 1% tributryin (B), 1%
soluble starch (C), and 0.25% sodium phytate (D). The equal density cell
suspension of DH5a strain grown at 37°C was used as control.

Since MMPP4 strain showed highest antifreeze protein activity, this
strain was selected for the PCR amplifications of the 16S rDNA
gene using total genomic DNA (Figure 4A, Lane 2) and standard
primers 27F and 1492R as described previously (24). A PCR
product of approximately 1400 base pairs was amplified (Figure 4B,
Lane 3). It was further gel purified and DNA sequencing of both the
strands was performed. We obtained 1395 bps nucleotide sequence.
BLAST analysis revealed that the DNA sequence of MMPP4 was
most similar (99 % identity) to 16S rDNA sequences of
Janthinobacterium lividum strain DSM 1522 (GenBank acc no.
NR_026365). The nucleotide sequence has been submitted to the
GenBank with accession no. as KJ509870. Phylogenetic tree of first
20 bacterial spp showing >95% similarity indicates that J. lividum
MMPP4 form a separate clad with J. lividum DSM 1522
(Figure 4C).

Discussion
Temperature is one of the environmental factors that set the

distribution of flora and fauna. Low temperature affects the
organism by dehydration  and  crystallization of cellular

12 3
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Herminiimonas saxobsidens strain NS11
— Herminiimonas contaminans strain CCUG
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Herminiimonas arsenicoxydans strain U.
fonticola strain S-94

Herbaspirillum huttiense strain ATCC
~ Herbaspirillum rubrisubalbicans strai

arcticum strain IAM 149,

str.
Janthinobacterium livdum strain DSM

Janthinobacterium Iivdum strain MM4

Rugamonas rubra strain MOM 28/2/79

Duganella strain 1AM 126.

Duganella sacchari strain Sac-22

Massilia strain CCUG 38318
Duganella radicis strain Sac-41
Massilia lurida strain DS
Massilia plicata strain 76
Massilia dura strain 16 TGACGCTGGCGGC.

Figure 4: 16s rDNA amplification and phylogenetic analysis of
MMPP4 isolates. 16s rDNA was amplified using total genomic DNA
of MMPP4 (A). Lane 1 is size DNA marker (kbs) as indicated and lane
2 represents genomic DNA. 16s rDNA amplified PCR product is
shown in lane 3 and molecular size marker in lane 4 (B). The DNA
sequence was subjected to BLAST in NCBI database and first 20 hits
showing greater than 95% similarity were subjected to phylogenetic
analysis using UPGMA (C). J. lividum strain MMPP4 is shown in the
rectangular box.

components (Beck et al 2004). In contrast, life of the
organisms has been reported in Antarctic or Arctic cold
environments, due to their ability to produce proteins
associated ~ with  freezing  resistance.  Cold-adapted
microorganisms  increase their survival at sub-zero
temperatures by producing proteins that bind to and inhibit the
growth of ice crystals. Cold biosphere which is highly rich in
microbial diversity would be most appropriate to screen
microbes for the production of AFPs. Moreover, research on
psychrophilic  microorganisms is far behind that of
thermophiles. Keeping in mind the potential applications of
psychrophilic microbes and their biomolecules, we isolated
four bacterial strains (MMPP2, MMPP4, MMPP5, and
MMPP7) from water sample of Sub-glacier Lake of
Manimahesh situated in Chamba District of Himachal Pradesh.
This region is a part of Himalayas, which remained unexplored
for microbial diversity. All the four bacterial showed growth
at 4°C and no growth was detected above 20°C suggesting the
psychrophilic nature. Microorganisms have been documented
in ancient glacier ice (Christner et al 2003; Miteva and
Brenchley 2005; Bidle et al 2007), sub glacier water (Mikucki
et al 2009), basal ice (Sheridan et al 2003; Miteva et al 2004),
sub glacier lakes and accreted ice (Karl et al 1999; Priscu et al
1999; Gaidos et al 2004), and sea ice (Junge et al 2004; Brown
and Bowman 2006). Cell free medium of MMPP4 did not
freeze at -20°C for seven days, whereas MMPP2, MMPP5, and
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MMPP7 cell free medium freezes on 7™, 3™ and 4™ day respectively.
This indicates MMPP4 either secrete AFPs extracellularly in large
amounts or different AFPs from MMPP2, MMPP5, and MMPP7
bacterial isolates. It is also possible that MMPP2, MMPP5, and
MMPP7 produce AFPs at temperature below 20°C. P. putrid GR12-
2 synthesizes and secretes its AFP into the culture medium only
when grown at cold temperatures (Sun et al 1995). This suggests
that antifreeze proteins secreted extracellularly may alleviate cell
damage by preventing recrystallization of extracellular ice. The
antifreeze activity present in the cell free medium of MMPP4 isolate
was inactivated after treatment with proteinase K or heaty
inactivation at 80°C, suggesting a proteinaceous nature of AFP
activity. Antifreeze protein has been isolated from Marinomonas
primoryensis, isolated from a brackish, ice-covered lake in
Antarctica. The protein is exceptionally large (ca. 1.5 MDa) with
Ca?"-dependent antifreeze activity (Garnham et al 2008). Out of
fourteen of the bacterial and yeast isolates, one bacterial strain
recovered from glacial ice at a depth of 3,519 m, just above the
accreted ice from Sub glacial Lake Vostok, was found to produce a
54 kDa ice-binding protein (GenBank EU694412) that is similar to
ice-binding proteins previously found in sea ice diatoms, a snow
mold, and a sea ice bacterium. AFPs have been recently
demonstrated in Antarctic lake bacteria (Gilbert et al 2004), one of
which, from Marinomonas primoryensis, is Ca*'-dependent and
hyperactive (Gilbert et al 2005). The AFP from the Arctic plant
growth-promoting rhizobacterium Pseudomonas putida GR12-2
shows both antifreeze and ice-nucleating activities (Muryoi et al
2004). It has been postulated that microorganisms produces
hydrolytic enzymes to effectively respond to the changing
environmental conditions (Dang et al 2009; Dias et al 2009; Srinivas
et al 2009). Likewise, we showed that all the four microbial isolates
secrete extracellular protease, lipase, and phytase enzymes, but fail
to secrete amylase (Fig. 3). More interestingly, MMPP44 strain
showed bacteriocidal type of antimicrobial activity against S.
aureus. There is no repot in the literature about a psychrophilic
strain producing AFPs as well as antimicrobial agents. 16SrDNA
analysis identified MMPP4 as Janthinobacterium lividum. As the
name indicates, Janthinobacterium are violet colored rod, not all
known species exhibit a violet phenotype. J. lividum MMPP4 is a
Gram negative rod and off white color. It was shown that the genus
Janthinobacterium produces different pigments that exhibit
antibiotic activity, such as violacein (Becker et al 2009; Pantanella
et al 2007), purple violet pigment (Mojib et al 2010), bluish-purple
pigments (Shirata et al 2000). In addition, certain antibiotics or
antifungal metabolites such as prodigiosin (Schloss et al 2010) and
the peptide lactone antibiotics janthinocin A, B and C (Johnson et al
1990). Though, J. lividum MMPP4 did not show violet
pigmentation, but showed proteinaceous type of antimicrobial
activity against S. aureus. Further investigations are required for the
purification and characterization of antifreeze and antimicrobial
activity of J. lividum MMPP4.

Conclusions

In conclusion, four psychrophilic bacterial strains (MMPP2,
MMPP4, MMPP5, and MMPP7) were successfully isolated from
the water sample of Manimahesh Lake of Chamba district of
Himachal Pradesh. MMPP4 was identified as Janthinobacterium
lividum and showed proteinaceous type of antifreeze and
antimicrobial activity, which have potential applications in
medicine, food processing/production, and Agri/Aquaculture.
Moreover, presence of phytase activity may be useful to enhance the
bioavailability of phosphorous to agriculture crops of the colder
regions. In order to harness the full potential of Janthinobacterium
lividum MMPP4 isolate, pure and sufficient quantities of these

compounds are required for research to further investigate their
applications.

Acknowledgements

The authors would like to acknowledge Shoolini University of
Biotechnology and Management Sciences, Solan, for providing
the infrastructure and facilities to conduct this research.

References

Antikainen M, Griffith M (1997) Antifreeze protein
accumulation in freezing-tolerant cereals. Physiol Plant
99:423-432

Bayer-Girald M, Uhlig C, John U, Mock T, Valentin K (2010)
Antifreeze proteins in polar sea ice diatoms: diversity and
gene expression in the genus Fragilariopsis. Environ
Microbiol 12: 1041-1052

Beck EH, Heim R, Hansen J (2004) Plant resistance to cold
stress: Mechanisms and environmental signals triggering
frost hardening and dehardening. J Biosci 29: 449-459

Becker MH, Brucker RM, et al (2009) The bacterially
produced metabolite violacein is associated with survival
of amphibians infected with a lethal fungus. Appl Environ
Microbiol 75:6635-6638

Bidle KD, Lee S, Marchant DR, Falkowski PG (2007) Fossil
genes and microbes in the oldest ice on Earth. Proc Natl
Acad Sci 104:13455-13460

Brown MV, Bowman JP (2006) A molecular phylogenetic
survey of sea- ice microbial communities (SIMCO).
Microb Ecol 35:267-275

Christner BC, Mosley-Thompson E, Thompson LG, Reeve JR
(2003) Bacterial recovery from ancient glacial ice.
Environ Microbiol 5:433-436

Dang H, Zhu H, Wang J. Li T (2009) Extracellular hydrolytic
enzyme screening of culturable heterotrophic bacteria
from deep-sea sediments of the Southern Okinawa
Trough. World Journal of Microbiology and
Biotechnology 25: 71-79

Davies PL, Sykes BD (1997) Antifreeze Proteins. Current
Opinion in Structural Biology 7: 828-834

De Vries (1971) Glycoproteins as biological antifreeze agents
in Antarctic fishes. Science 172: 1152-1155

Dias A, Dini Andreote F, Dini-Andreote F, Lacava PT, Sa’
AL, Melo IS, Azevedo JL. Arau” jo WL (2009) Diversity
and biotechnological potential of culturable bacteria from
Brazilian mangrove sediment. World Journal of
Microbiology and Biotechnology 25:1305-1311

Duman JG (1994) Purification and characterization of a
thermal hysteresis protein from a plant, the bittersweet
nightshade Solanum dulcamara. Biochim Biophys Acta
1206:129-135

Duman JG, Olsen TM (1993) Thermal hysteresis protein
activity in bacteria, fungi, and phylogenetically diverse
plants. Cryobiology 30: 322-328

Gaidos E, Lanoil B, Thorsteinsson T, Graham A, Skidmore
ML, Han S-K, Rust T, Popp B (2004) A viable microbial
community in a subglacial volcanic crater lake, Iceland.
Astrobiology 4:327-344

Garnham CP, Gilbert JA, Hartman CP, Campbell RL,
Laybourn-Parry J, Davies PL (2008) A Ca?" dependent
bacterial antifreeze protein domain has a novel B-helical
ice-binding fold. Biochem J 411:171-180



851

J Biochem Tech (2015) 6(1): 846-851

Gilbert JA, Davies PL, Laybourn-Parry J (2005) A hyperactive, Ca*
dependent antifreeze protein in an Antarctic bacterium. FEMS
Microbiol Lett 245:67-72

Gilbert JA, Hill PJ, Dodd CE, Laybourn-Parry J (2004)
Demonstration of antifreeze protein activity in Antarctic lake
bacteria. Microbiology 150: 171-180

Graether SP, Gagne SM, Spyracopoulos L, Jai Z, Davies PL, Sykes
DB (2003) Spruce budworm antifreeze protein: changes in
structure and dynamics at low temperature. J Mol Biol 327:
1156-1168

Graether SP, Sykes BD (2004) Cold survival in freeze-intolerant
insects. The structure and function of h-helical antifreeze
proteins. Eur J Biochem 271: 3285-3296

Hirano SS, Baker LT, Christen DU (1985). Ice nucleation of
individual leaves in relation to population sizes of ice
nucleation active bacteria and frost injury. Plant Physiol
77:259-265

Johnson JH, Tymiak AA, et al (1990) Janthinocins A, B and C,
novel  peptide lactone  antibiotics  produced by
Janthinobacterium lividum. I1. Structure elucidation. J Antibiot
(Tokyo) 43:920-930

Junge K, Eicken H, Deming JW (2004) Bacterial activity at -2 to -
20°C in Arctic wintertime sea ice. Appl Environ Microbiol
70:550-557

Karl DM, Bird DF, Bjoérkman K, Houlihan T, Shackelford R, Tupas
L (1999) Microorganisms in the accreted ice of Lake Vostok,
Antarctica. Science 286:2144-2147

Knight CA, Duman JG (1986) Inhibition of recrystallization of ice
by insect thermal hysteresis proteins: a possible cryoprotective
role. Cryobiology 23:256-262

Madigan MT, Martinko J, Parker J (2004). Brock Biology of
Microorganisms (10th ed.). Lippincott Williams & Wilkins

Mikucki JA, Pearson A, Johnston DT, Turchyn AV, Farquhar J,
Schrag DP, Anbar AD, Priscu JC, Lee PA (2009) A
contemporary microbially maintained subglacial
ferrous“ocean”. Science 324:397-400

Miteva VI, Brenchley JE (2005) Detection and isolation of
ultrasmall microorganisms from a 120, 000-year-old Greenland
glacier ice core. Appl Environ Microbiol 71:7806-7818

Miteva VI, Sheridan PP, Brenchley JE (2004) Phylogenetic and
physiological diversity of microorganisms isolated from a deep
Greenland glacier ice core. Appl Environ Microbiol 70:202—
213

Mojib N, Philpott R, et al (2010) Antimycobacterial activity in vitro
of pigments isolated from Antarctic bacteria. Antonie Van
Leeuwenhoek 98:531-540

Muryoi N, Sato M, Kaneko S, Kawahara H, Obata H, Yaish MW,
Griffith M, Glick BR (2004) Cloning and expression of afpA, a
gene encoding an antifreeze protein from the arctic plant
growth-promoting rhizobacterium Pseudomonas putida GR12-
2. J Bacteriol 186: 5661-5671

Pantanella F, Berlutti F, et al (2007) Violacein and biofilm
production in Janthinobacterium lividum. J Appl Microbiol
102:992-999

Park AK, Park KS, Kim HJ, Park H, Ahn 1Y, Chi YM, Moon JH
(2011) Crystallization and preliminary x-ray crystallographic
studies of the ice-binding protein from the Antarctic yeast
Leucosporidium sp. AY30. Acta Cryst F 67: 800-802

Perez C, Paul M, Bazerque P (1990) Antibiotic assay by agar well
diffusion method. Acta Biol Med Exp 15, 113-115

Pickett MJ, _Greenwood JR (1986) Identification of oxidase-
positive, glucose-negative, motile species of nonfermentative
bacilli. J Clin Microbiol 23: 920-923

Priscu JC, Adams EE, Lyons WB, Voytek MA, Mogk DW, Brown
RL, McKay CP, Takacs CD, Welch KA, Wolf CF, Kirschtein

JD, Avci R (1999) Geomicrobiology of subglacial ice
above Lake Vostok, Antarctica. Science 286:2141-2144

Raymond JA, Christner BC, Schuster SC (2008) A bacterial
ice-binding protein from the Vostok ice core.
Extremophiles 12: 713-717

Raymond JA, Fritsen C, Shen K (2007) An ice-binding protein
from an Antarctic sea ice bacterium. FEMS Microbiol
Ecol 61: 214-221

Raymond JA, Janech MG (2009) Ice-binding proteins from
enoki and shiitake mushrooms. Cryobiology 58: 151-156

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning:
A laboratory Manual. Il edn. Cold Spring Harbour
Laboratory. Press, Cold Spring Harbour, N.Y.

Schloss PD, Allen HK, et al (2010) Psychrotrophic strain of
Janthinobacterium lividum from a cold Alaskan soil
produces prodigiosin. DNA Cell Biol 29:533-541

Sheridan PP, Miteva VI, Brenchley JE (2003) Phylogenetic
analysis of anaerobic psychrophilic enrichment cultures
obtained from a Greenland glacier ice core. Appl Environ
Microbiol 69:2153-2160

Shirata A, Tsukamoto T, et al (2000) Isolation of bacteria
producing bluish-purple pigment and use for dyeing.
JARQ 34:131-140

Sidebottom C, Buckley S, Pudney P, Twigg S, Jarman C, Holt
C, Telford J, McArthur A, Worrall D, Hubbard R, Lillford
P (2000) Heat-stable antifreeze protein from grass. Nature:
406: 406-256

Srinivas TN, Nageswara Rao SS, Vishnu Vardhan RP,
Pratibha MS, Sailaja B, Kavya B, Hara KK, Begum Z,
Singh SM, Shivaji S (2009) Bacterial diversity and
bioprospecting for cold-active lipases, amylases and
proteases, from culturable bacteria of Kongsfjorden and
Ny-Alesund, Svalbard, Arctic. Current Microbiology 59:
537-547

Sun X, Griffith M, Pasternak J J, Glick BR (1995) Low
temperature growth, freezing survival and production of
antifreeze protein by the plant growth promoting
rhizobacterium Pseudomonas putida GR12-2. Can J
Microbiol 41: 776-784

Sun X, Griffith M, Pasternak JJ, Glick BR (1995) Low
temperature growth, freezing survival and production of
antifreeze protein by the plant growth promoting
rhizobacterium Pseudomonas putida GR12-2. Can J
Microbiol 41: 776-784

Tong L, Lin Q, Wong WKR, Ali A, Lim D, Sung WL, Hew
CL, Yang DSC (2000) Extracellular expression,
purification, and characterization of a winter Founder
antifreeze polypeptide from Escherichia coli. Protein Exp
Purif 18: 175-178

Worrall D, Elias L, Ashford D, Smallwood M, Sidebottom C,
Lilford P, Telford J, Holt C, Bowles D (1998) A carrot
leucine-rich-  repeat  protein  that inhibits ice
recrystallization. Science 282:115-117

Xiao N, Suzuki K, Nishimiya Y, Kondo H, Miura A, Tsuda S,
Hoshino T (2010) Comparison of functional properties of
two fungal antifreeze proteins from Antarctomyces
psychrotrophicus and Typhula ishikariensis. FEBS J 277:
394-403


http://www.ncbi.nlm.nih.gov/pubmed/?term=Pickett%20MJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Greenwood%20JR%5Bauth%5D

