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Abstract. In this study, the bacterial isolate HI6 was recovered from the ice of the Hopar (Bualtar)
glacier, Karakoram Mountain Range, Pakistan. Isolate HI6 was identified as Serratia marcescens through
microscopic and molecular analysis (16S rRNA sequencing). Serratia marcescens HI6 was analyzed for
different physiological characteristics including temperature, pH and culture media. Serratia marcescens
HI6 showed best growth at 25°C, on LB medium and pH 7. In addition, the Fatty acid methyl ester
(FAME) was extracted and subjected to Fourier Transform infrared (FTIR) and Gas
chromatography/mass spectroscopy (GC/MS) analysis. FTIR and GC/MS analysis has revealed that cell
membrane of Serratia marcescens HI6 contains various types of fatty acids (FA). i-C16:1 (35.3% out of
total cell membrane fatty acids) was found most predominantly followed by i—C15:1 (18.5%) and n-C16
(13.2%). Moreover, branched fatty acids (62%) including monounsaturated fatty acids (MUFA) (e.g. i—
C15:1 and i—C16:1) and saturated fatty acids (SFA) were the dominant types of fatty acids in the cell
membrane. A polyunsaturated fatty acid (PUFA), C18:2(cis—9) (known as linoleic acid) was also detected
among analyzed fatty acids.

Keywords: 16S rRNA, Fatty acid methyl ester, Fourier Transform infrared, Gas chromatography / mass
spectroscopy

Introduction

Genus Serratia belonging to family Enterobacteriaceae and species of genus Serratia
share very close genotypic and phenotypic characteristics with each other (Grimont and
Grimont, 2006; Karkey et al., 2018). A bacterium with ability to produce red pigments was
first observed on polenta by Bizio (1823), which was later identified and named as Serratia
marcescens (Martinec and Kocur, 1961a). Williams and Qadri (1980) have observed many
strains of Serratia marcescens that were producing a non-diffusible red pigment
prodigiosin. The prodigiosin (red colour pigment) produced by these strains appeared akin
to a blood stain with quite devastating consequences on various human consumable items
such as consecrated wafers, bread, and polenta (Grimont and Grimont, 2006). In this
perspective, many researchers had linked the genus Serratia’s history, hundreds of years
back (Harrison, 1924; Gaughran, 1969; Reid, 1982). Although, prodigiosin or prodigiosin—
like pigments or various types of pigments with red colour, have also been observed
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produced by some bacterial species other than Serratia (Williams and Qadri, 1980), thus
characteristics of microbes concerning these prominent phenomena can only be deduced.

Serratia marcescens, an Enterobacteriaceae family member, is a Gram—negative rod
that inhabits soil and water (Szewzyk et al., 1993; Sandner-Miranda et al., 2018; Yeung et
al., 2018). It is a saprophytic bacterium, and has been identified in food, notably in starchy
variants which offer a marvelous growth environment. Previously it was known as
Chromobacterium prodigiosum (Wheat et al., 1951; Sleigh, 1983; Ghaith et al., 2018),
Bizio proposed the name Serratia marcescens in 1823, which was later used by Gaughran,
in 1969. Some environmental isolates were reported to produce characteristic red pigment
prodigiosin, and formerly it was confused with fresh blood (Gaughran, 1969). It is an
omnipresent bacterium and widely found in natural habitats such as soil, honeybee gut,
water, air, plants and animals (Grimont and Grimont, 1984; Raymann et al., 2017; Dhar—
Purkayastha et al., 2018; Yeung et al., 2018). The biosynthesis of prodigiosin is an
important attribute of Serratia marcescens (Grimont and Grimont, 1984). Over past few
years, it has been known as main causative agent of hospital acquired infections (Mahlen,
2011; Montagnani et al., 2015).

Membrane lipid homeostasis has been shown to play a significant role in bacterial
physiology. Escherichia coli was used as a study model bacterium for research in lipid
biosynthesis for ages (Parsons and Rock, 2013). Biosynthesis of unsaturated fatty acids is a
key factor in bacterial membrane homeostasis (Zhang and Rock, 2008). Combination of
fatty acids with different melting points was integrated into phospholipids. Bacteria cope
with low temperature by increasing the degree of unsaturation of fatty acids incorporated
in phospholipids, which leads to high membrane fluidity (Parsons and Rock, 2013). In
addition, in order to maintain membrane fluidity at lower temperatures, bacteria integrate
fatty acids with lower melting points into lipid bilayer with decrease of outer temperatures
that help bacteria to keep balance the order-disorder transition of temperature of the
membranes (Suutari and Laakso, 1994; Annous et al., 1997; Bajerski et al., 2017). It is
evident from previous studies that high temperature leads to high membrane rigidity,
which can be handle by decrease in degree of unsaturation of fatty acids (Ganzert et al.,
2011; Bakermans et al., 2012; Bajerski and Wagner, 2013).

A variety of mechanisms are used by bacteria to sustain membrane integrity to cope
with temperature changes (Parsons and Rock, 2013). In previous studies,
Serratia marcescens has been well documented for occurrence of fatty acids in its general
cell structure but not specifically in the cell membrane (Bishop and Still, 1963; Bergan et
al., 1983). Bermingham et al. (1971) has reported stimulation of growth and production of
pigments at temperatures higher than normal by long—chain unsaturated fatty acids in
Serratia marcescens. The current research work was aimed to study and characterize cell
membrane fatty acid profile of psychrotolerant bacterial isolate from Hopar glacier also
known as Bualtar glacier in Pakistan.

Materials and Methods
Selection of the isolate HI6

Isolate HI6 (Hopar ice) (selected for this study) was previously isolated from glacial
ice, Hopar glacier (36°12'54.77 N, 74°46'9.49 E) using Luria Bertani (LB) agar
(Table 1) and incubated at 15°C. After initial isolation, the isolate HI6 was preserved in
30% glycerol using Luria Bertani broth (LB) (Table 1) as culture medium and stored at
—20°C for future use.
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Morphology of the isolate HI6

The colony morphology of the isolate HI6 was observed and recorded in terms of
shape, production of pigments, size, opacity, margin, elevation and texture. Gram
staining of the isolate HI6 was done following the protocol described by Beveridge
(2001) and microscopic features were recorded using Laxco™ LMC-3000 Series Bright
field Compound Microscope System.

Table 1. The composition of the applied culture mediums in detail

Composition of Luria Bertani (g I)
Luria Bertani Agar (LBA)

Tryptone 10
Sodium chloride 5
Yeast extract 5
Agar 15

Luria Bertani Broth (LBB)
Tryptone 10
Sodium chloride 5
Yeast extract 5

Molecular identification of the isolate HI6
DNA extraction, PCR amplification

The DNA of the isolate HI6 was extracted using the protocol described by Zhou et
al. (1996). The extracted DNA was amplified using the thermocycler (T100™ Thermal
cycler, Bio-Rad Laboratories, Inc.). The universal bacterial primers 27F
(5'-AGAGTTTGATCMTGGCTCAG3-) and 1492R
(5'-GGTTACCTTGTTACGACTT-3") were used for amplification purposes. Cycling
conditions was used as initial denaturation at 94°C for 1 min following by 30 cycles at
94°C for 1 min, 55°C for 1 min and 72°C followed by final elongation at 72°C for 7 min.
Finally, 2% agarose gel electrophoresis was performed to confirm PCR amplification.

Sequencing and phylogenetic analysis

Sequencing (16S rRNA) of amplified PCR product of the isolate HI6 was done by
Macrogen Inc. Seoul, Korea. Trimming and filtering of obtained sequences was done
using BioEdit (v7.0.5). The trimmed sequences was used to find the homologous
bacterial strain by searching in the National Centre for Biotechnology Information
(NCBI) (Thompson et al., 1994). Tamura—Nei model (Tamura and Nei, 1993) was used
to construct the evolutionary history of the isolate HI6. MEGA 6.0 software was used to
construct phylogenetic tree at the bootstrap value of 1000.

Characterization of physiological parameters of the isolate HI6

Effect of different pH, media and temperature on growth of the isolate HI6 was
evaluated in this study. Four different temperature, 5, 15, 25 and 35°C, five different
media, Minimal salt medium (MSM), Luria Bertani (LB), Nutrient broth (NB),
Peptone—yeast-meat extracts (PYM) and Artificial salt media (ASM) as well as five
different pH, 3, 5, 7, 9 and 11 were selected for this experiment. Nutrient broth was
used as culture medium for all temperature and pH experiments, whereas, 15°C as
incubation temperature was used for pH research work. 7 days old culture of the isolate
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HI6 was inoculated in 250 mL Erlenmeyer flask containing 100 mL of broth medium
and incubated in shaking incubator with 120 rpm for 7 days. To check the growth,
optical density (600 nm) of the isolate HI6 was recorded after every 24 hrs via
spectrophotometer (Shimadzu). In addition, two-way ANOVA was applied to find the
statistical significant of this experiment.

Cell membrane fatty acids analysis
Fatty acids methyl ester preparation (FAME)

The isolate HI6 was grown in LB broth and incubated at 15°C for seven days. About
100 mg culture of the isolate HI6 was taken in 20 mL glass vial and subjected to FAME
extraction. Added 2 mL of 5% methanolic HCI to glass vial containing bacterial culture
and heated at 70°C for 2 hours. After heating, glass vial was placed at room temperature
for 30 minutes to cool down. In next step, distilled water (1 mL) was added and then
vortexed well. For extraction of FAME, 1 mL of hexane was poured and vigorously
vortexed for about 10 minutes. After formation of two layers in glass tube, upper layer
was transferred to new 2 mL clean glass vail and stored under nitrogen at —20°C.

Fourier Transform infrared (FTIR) spectroscopy

The extracted FAME extracted from the isolate HI6 was analysed through by FTIR
spectrophotometer (Bruker Tensor 27, equipped with ZnSe ATR) along with the
standard obtained through (The Vitamin Company USA). The spectra of FAME from
the isolate HI6 were evaluated and recorded by keeping the range in between
4000-600 cm™. About 35 uL (in triplicate) of extracted FAME was placed on the FTIR
spectrophotometer tray and recorded infrared spectrum of sample. The software Opus
65 was used to compare spectrum of extracted FAME with the spectrum of known
compounds present in library.

Gas chromatography/mass spectroscopy (GC/MS) analysis

FAMEs analysis was done via GC (Agilent 7890A GC) linked to MS (Agilent 5975C
MSD) and controlled by a HP Compaq computer using ChemStation software by
following protocol described by Abd El Razak et al. (2014). Helium used as a carrier
gas (flow rate of 1 ml/min, initial pressure of 50 kPa, split at 10 ml/min). Moreover, an
auto—sampler (HP7683B) was used for injecting about 1 uL of sample in hexane. In
addition, FAMEs separation was carried with column (30 mx 0.25 mm) (An Agilent—
fused silica capillary column) coated with 0.25 pum dimethyl poly—siloxane (HP-5). The
temperature of GC was set initially from 30 to 130°C at 5°C/min then to 300°C at
20°C/min and final temperature held for 5 min. FAME Mix (C4—C24) (Sigma—Aldrich)
was used to identify the resultant peaks by comparing mass spectra and R (retention
time).

Results
Morphology and molecular identification

The isolate HI6 produced red pigment, with round, smooth, convex (3—6 mm in
diameter) colonies (Fig. 1). Microscopic analysis showed the isolate HI6 as Gram
negative short rod (0.7-2.3 um in length and 0.3-0.8 um in diameter).
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Based on 16S rRNA sequencing, the bacterial isolate HI6 was identified as
Serratia marcescens [GenBank accession number MG641443]. In addition, the isolate
HI6 showed 100% similarity with Serratia marcescens after searching in National
Centre for Biotechnology Information database. Phylogenetic analysis on basis of
partial 16S gene sequence, clearly shows that Serratia marcescens HI6 grouped within
clusters of closely related species of Serratia marcescens in phylogenetic tree (Fig. 2).

Figure 1. The colony morphology of the isolate HI6 with production of red pigment
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Figure 2. Analysis of evolutionary relationship and relatedness of Serratia marcescens HI6
based on partial 16S gene sequences with closely related species by Maximum Likelihood
method. Bootstrap values (1000 replicates) for node values from 50% are indicated. The species
belonging to genus Pseudomonas were used as an outgroup

Physiological characteristics

Serratia marcescens HI6 responded differently to various physiological parameters.
In this experiment, it has been found that Serratia marcescens HI6 grow optimally at
25°C and pH 7 in LB broth (Table 2). The Serratia marcescens HI6 showed decline in
its growth after 120 hrs of initial incubation in about all physiological parameters. It
seemed that it has entered in exponential growth phase after 48 hrs of its starting
incubation. Serratia marcescens HI6 was unable to show any growth at pH 3 and 45°C.
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The LB broth was reported as best growth medium followed by PYM, ASW, MSM and
NA. In addition, optimum growth was at pH 7 followed by pH 9, 11 and 5. Moreover,
best growth was observed at 25°C followed by 35, 15 and 5°C. Based on these results,
Serratia marcescens HI6 had the capabilities to grow at wide range of extreme
physiological parameters.

Table 2. Growth characteristics of the Serratia marcescens HI6 on different physiological
parameters

Isolate Physiological parameters
Temp (°C) Time of incubation in hrs and OD?*
0 24 48 72 96 120 144 168
5 0.243 0.578 0.710 0.989 1.219 1.487 1.398 1.387
15 0.123 0.256 0.794 1.091 1.883 1.980 2.106 1.970
25 0.473 0.869 1.420 1.756 1.999 2.209 2.439 2.429
35 0.490 0.898 1.321 1.580 1.784 1.985 2.001 1.973
45 0.123 0.077 - - - - - -
pH Time of incubation in hrs and OD
0 24 48 72 96 120 144 168
3 0.143 0.131 - - - - - -
HI6 5 0.113 0.148 0.213 0.199 0.0722 0.063 0.060 0.058
7 0.123 0.256 0.794 1.091 1.883 1.980 2.106 1.970
9 0.134 0.230 0.753 0.963 1.352 1.103 1.102 1.090
11 0.135 0.174 0.213 0.219 0.190 0.179 0.169 0.157
Media Time of incubation in hrs and OD
0 24 48 72 96 120 144 168
ASW 0.020  0.0311 1.092 1.568 1.578 1.597 1.558 1.497
LB 0.123 0.256 0.794 1.091 1.883 1.980 2.106 1.970
MSM 0.041 0.052 0.059 0.890 1.480 1.501 1.450 1.399
NA 0.023 0.032 0.052 1.129 1.068 1.204 1.189 1.179
PYM 0.146 0.246 0.240 0.994 1.758 1.854 1.869 1.778

Keys: 'Optical density, *p value for the pH and media experiment was >0.05, *p value for the
temperature experiment was <0.05

Fourier Transform infrared (FTIR) analysis

Results of FTIR analysis revealed different functional groups present in the FAME
extracted from Serratia marcescens HI6 (Fig. 3). The spectrum of the analysed FAME
was compared with already online available databases as well as with standard and
found that typical functional groups that are exist in fatty acids (FA) (such as saturated
FA, monounsaturated FA and polyunsaturated FA), have also been presented in
analysed FAME. For example, peak value 2812-3012 cm™ region (which represent
=C—H stretching vibration bond), 1710-1766 cm™ (associated with C=0 carbonyl
bond) and multiple C=C double bond at 1400-1600 cm™, have clearly indicated that
Serratia marcescens HI6 had various types of saturated FA, monounsaturated FA and
polyunsaturated FA in its cell membrane (Fig. 3).

Gas chromatography/mass spectroscopy (GC/MS) analysis

The results of GC/MS has revealed that most copious types of fatty acids were
branched fatty acids followed by monounsaturated fatty acids, n—chain saturated fatty
acids, hydroxyl fatty acids and polyunsaturated fatty acids (Fig. 4a,b) (Table 3). In
addition, i—C16:1 was found most abundant type of fatty acid followed by i-C15:1,
n-C18:2(cis-9), n-C16, ai-C17:0, 3-OH-C14:0, n-C12, n-C14, i-C17:0, n—C18,
n-C18:1(trans-9), C18:2(cis—9), n—C15 and n—C17 (Table 3).
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Moreover, Serratia marcescens HI6 was able to produce only one type of
polyunsaturated fatty acids, n—C18:2(cis—9) (also known as linoleic acid). Overall,
branched fatty acids (62%) and i—-C16:1 (35.2% out of total membrane fatty acids) were
the main types of fatty acids produced by Serratia marcescens HI16 predominantly.
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Figure 3. Fourier Transform infrared (FTIR) spectrum of FAME extracted from the Serratia
marcescens HI6. (A) Extracted FAME of the Serratia marcescens HI6 (B) Standard
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Figure 4a,b. (a) Distribution of individual fatty acids in the cell membrane of Serratia
marcescens HI6 (b) Percentage of the main types of fatty acids in the cell membrane of Serratia
marcescens HI6
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Table 3. Distribution and percentage of fatty acids in the cell membrane of the Serratia
marcescens HI6

Isolate Carbon Chain Retention time IUPIC names %/total CM fatty
length acids
n-C12 16.34 Dodecanoate 2.1
i-C14.0 20.72 (Z)—tetradec-9-enoate 2.0
3-OH-C14:0 25.18 3-Hydroxytetradecanoate 2.46
i—C15:1 20.46 iso—10-Pentadecenoate 18.5
i—C15:0 23.20 iso—Pentadecanoate 0.6
n-C15 24.08 Pentadecanoate 0.5
Serratia !—ClG:l 24.89 (Z_)—hexadec—g—enoate 35.2
MArcescens i-C16:0 25.67 iso—Hexadecanoate 1.0
H16 _n—C16 26.57 _ Hexadecanoate 13.2
1—C17:0 27.28 iso—Heptadecanoate 1.6
ai-C17:0 28.05 anteiso—Heptadecanoate 2.7
n-C17 28.85 Heptadecanoate 0.5
C18:2(cis—9) 30.43 (9Z,12Z)-octadeca—9,12—dienoate 0.76
C18:1(cis-9) 30.45 (2)-octadec—9—enoate 16.8
C18:1(trans-9) 30.59 (E)-octadec-9-enoate 1.0
n—-C18 31.15 Octadecanoate 1.1

Keys: i= iso, ai=anteiso, CM= cell membrane, IUPIC= International Union of Pure and Applied

Chemistry
Discussion

This study was aimed to characterize physiological parameters and analyzed cell
membrane fatty acids of the bacterium isolate Serratia marcescens HI6. In our
knowledge, we are reporting for the first time Serratia marcescens from any glacial
environment of Pakistan. Although in one study, it has been studied for laccase
production isolated from glacial site in Indian Himalayan Region (IHR) (Kaira et al.,
2015). Serratia marcescens has been known for its abilities to infect insects and spoils
various types of food (Flyg and Xanthopoulos, 1983; Abdour, 2003; Bahar and
Demirbag, 2007). In addition, its association with promotion of plant growth by
combating with plant pathogens has also been observed (Kloepper et al., 1993).
Moreover, Serratia marcescens has been found to fertile soils by producing
phosphatases and unfriendly substances for plant pathogens (de Queiroz and de Melo,
2006; Tripura et al., 2007). Likewise, Pares (1964) has observed in soil that
Serratia marcescens had role in the nutrient recycling by solubilizing organic iron and
dissolving gold and copper. In another research, Janota—Bassalik (1963) has reported
mineralization role of psychrotolerant Serratia marcescens accompanying by low—moor
peat.

The genus Serratia is usually found widely in water, plants, mammals and
hospitalized human patients (Grimont and Grimont, 2006) but studies about its presence
and activities in both Polar and Non—polar cold regions are very rare. The primary
habitat for genus Serratia is water as plenty of species belonged to Serratia has been
reported from water (Grimont and Grimont, 2006). Gavini et al. (1979) has isolated
Serratia fonticola well waters and springs. In another study conducted by Grimont and
Grimont (2006), a total of 150 bacterial species belonged to genus Serratia including
Serratia marcescens were reported from river water. In addition, Groscop and Brent
(1964) has observed toxicity of non—diffusible red pigment prodigiosin to protozoa,
produced by genus Serratia, which perhaps a promising factor important for its survival
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in water and soil habitats. Based on such research, Grimont and Grimont (2006) has
concluded that Serratia sp. with pigmentation abilities are existed in non—polluted rather
than from polluted water.

Tolerance of Serratia marcescens HI6 to different extreme temperature, pH and
media was assessed. Serratia marcescens HI6 was able to grow on temperature between
5-35°C (25°C optimum growth temp), pH between 5-11 (7 optimum growth pH) as
well as on various media including ASW, LB, MSM, NB and PYM (LB optimum
growth medium). Recently, Kaira et al. (2015) has reported similar findings for
Serratia marcescens isolated from glacial site in Indian Himalayan Region (IHR). They
observed psychrotolerant Serratia marcescens to show optimum growth at 25°C. Many
other researchers have also used various temperature (5-37°C) for the growth of
Serratia marcescens and they have found that it had the abilities to grow over a wide
range of temperature (Bishop and Still, 1963; Selvakumar et al., 2008). In our
knowledge, none of study has been carried out relating to tolerance of
Serratia marcescens to extreme pH and various media.

In the present study, the fatty acids present in the cell membrane of
Serratia marcescens HI6 were assessed using Fourier Transform Infrared (FTIR)
spectroscopy. FTIR has the efficiency to recognize major parts of biological material
(nucleic acids, proteins, lipids and carbohydrates) in any solution (Forfang et al., 2017).
Basically, specific absorbance frequencies of FTIR are central to detect fatty acids
(Forfang et al., 2017). In our study, the bands between 1710-1766 cm™* were observed
after analysis of extracted FAMEs by FTIR indicating the presence of C=0O that
associated with fatty acids. According to Dean et al. (2010), presence of the band at
1740 cm™ indicated existence of C=0 of ester groups, principally from FA. Moreover,
Shurvell (2002) and Maquelin et al. (2002) has described the bands obtained from lipids
after Fourier Transform Infrared spectroscopy analysis in detail. According to them, the
lipid content present in any sample can easily detected by getting peaks associated to
C-O-C stretching in esters (1070-1250 cm™?), CH, bending (1460 cm™), C=0
stretching in esters (1745 cm™), C—H stretching vibrations (=C—H stretch at 3010 cm™).
The FTIR has been used by several researcher to identify the lipids and fatty acids
content in  many  microbes such as  Chlamydomonas reinhardti,
Scenedesmus subspicatus, Mucor plumbeus, Mucor hiemalis, Mucor circinelloides,
Mortierella alpine (Dean et al., 2010; Shapaval et al., 2014; Forfang et al., 2017).

Furthermore, the fatty acids profile of cell membrane of the isolate
Serratia marcescens HI6 was properly studied using Gas chromatography/mass
spectroscopy (GC/MS) in the current study. Findings of this analysis showed that C16:1
was present abundantly in cell membrane of Serratia marcescens HI6. None of such
study has been carried out in past. Although Bergan et al. (1983) and Bishop and Still
(1963) have analyzed the whole cell fatty acids of Serratia marcescens, whereas,
current study is focused on cell membrane fatty acids of Serratia marcescens, so it is
very challenging to exactly compare and discuss current study (cell membrane fatty
acids analysis) with previous studies (whole cell fatty acids analysis) of
Serratia marcescens because whole cell fatty acids could significantly differ in type and
function from fatty acids present in cell membrane. As distribution of various types of
fatty acids in cell membrane play significant role in bacterial adaptability in cold
habitats, therefore, present research work specifically focused on it rather than to study
whole cell fatty acids. However, current study has generally been discussed with other
related bacterial strains of Serratia marcescens (Jantzen et al., 1974a, b, 1975). Our
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results has supported by research work of many other researchers that observed
foremost amount of C16:0, C16:1 and C18:1 in some strains of Serratia marcescens
(Kates et al., 1964; Kates and Hagen, 1964). Although the contribution of the two
last-mentioned fatty acids may also be small from the same strain Kates and Hagen
(1964) has reported that amount of C16:1 and C18:1 varied depending upon culture
conditions of growth of Serratia marcescens. It has been observed by many researcher
that gram negative bacterial species possessed higher quantities of C16:0, C16:1 and
C18:1 than gram positive bacteria in their cell membranes (Jantzen et al., 1974a,b,
1975; Zhao et al., 2011). Moreover, Bergan et al. (1983) has observed that family
Enterobacteriaceae had high amount of C16:0 than C16:1 in their cells and has also
reported in few Acinetobacter strains (Jantzen et al., 1975).

Likewise, the branched fatty acids were witnessed predominately in cell membrane
the isolate Serratia marcescens HI6. The branched iso and anteiso pattern was observed
in both saturated fatty acids and monounsaturated fatty acids in the current results. The
incorporation of iso and anteiso branches in the fatty acids chains of cell membrane, is
perhaps a strategy to cope with devastating effects of low temperature by maintaining
the fluidity of cell membrane (Bajerski et al., 2013, 2017). In few studies, it has been
shown that anteiso branches pattern of fatty acids of cell membranes in psychrotolerant
bacterial species (such as Chryseobacterium frigidum and Chryseobacterium haifense)
reduced the melting temperature of the plasma membrane increasing motion capability
and made it possible to freely move molecules across the cell membrane
(Hantsis-Zacharov and Halpern, 2007; Kim et al., 2016).

Conclusion

In conclusion, the bacterium isolate HI6 was identified as Serratia marcescens after
16S rRNA sequencing. The bacterium isolate Serratia marcescens HI6 showed a good
potential to grow over a wide range of extreme physiological conditions. Results of
FTIR and GC/MS has showed that the isolate HI6 had the ability to produce and
accumulate various types of fatty acids in its cell membrane but predominantly i-C16:1
and other branched chain fatty acids. This study is important because it gives a clear
idea about Fatty acids distribution in the cell membrane of Serratia marcescens and
their possible role in adaptation in glacial habitats. In addition, this study would be
helpful to understand the maintenance of cell membrane fluidity in glacial environments
by Serratia marcescens. Finally, the bacterium isolate Serratia marcescens—HI6 would
be used as source of polyunsaturated fatty acids (e.g. linoleic acid) as alternative to the
conventional plant sources of PUFA, thus would be helpful to prevent deforestation.
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