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Abstract

Anthropogenic activities have escalated CH, emissions, exacerbating global warming, yet specialized
bacteria known as Methanotrophs play a key role in mitigating atmospheric CH, levels by consuming
30-70% of emitted methane. This study focuses on exploring the culturable methanotrophic population
within Muthukuda mangrove sediments, an unexplored reservoir of methanotrophic diversity. The
sediment sample yielded a methanotrophic bacterial count of 1.5 x 10° CFU/g, leading to the selection
of three unique bacterial morphotypes (NCT270, NCT271, and NCT272) for in-depth investigation.
Optimal growth was observed at pH 8, with peak growth at 30°C, while extreme temperatures of 4°C
and 40°C inhibited growth across all isolates. Salinity levels between 20 and 30 ppt supported optimal
growth, with strains displaying tolerance to various stressors. Methane served as the sole carbon source
for all experiments, with positive urease production noted after 7 days of incubation. Microscopic and
biochemical analyses suggested the classification of strains NCT270, NCT271, and NCT272 within Group
| methanotrophic genera: Methylomicrobium, Methyloscarcina, and Methylomonas, respectively.
BLASTn analysis of 16S rRNA gene sequences shared high similarities with known methanotrophic
species Methyloscarcina fibrate (ON834586) with 99.28%, Methylomicrobium album (ON834587) with
98.77% and Methylomonas methanica (ON834588) with 99.15%. The resulting insights enhance our
understanding of culturable methanotrophic diversity and underscore its potential for environmental
applications.
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INTRODUCTION

Mangrove forests are considered to be
one of the most important ecosystems due to its
high productivity.! However, these ecosystems
are important sources of greenhouse gases
and possesses different groups of aerobic and
anaerobic bacteria with varied biogeochemical
conditions along spatial and temporal gradients.?
Methane (CH,), a potent greenhouse gas (GHG),
alongside carbon dioxide (CO,) and nitrous oxide
(N,0), significantly contributes to global warming.
Methane’s heat-trapping capacity surpasses that
of CO, by approximately 25 times, underlining
its environmental impact. CH, emissions have
increased by 5% since the preceding decade, with
anthropogenic emissions accounting for about
60% which results in climate change.?

Almost 30-70 % of the methane that
escapes to the atmosphere is consumed by a special
group of bacteria the methane oxidizers called
Methanotrophs which uses methane as the source
of energy and plays a critical role in the carbon cycle.
Aerobic methanotrophs belonging to the Gamma
proteobacteria are classified into type | (families -
Methylococcaceae and Methylothermaceae);
Alphaproteobacteria into Type IlI, with
families Methylocystaceae and Beijerinckiaceae;
The type | gammaproteobacterial methane
oxidizers use the ribulose monophosphate
pathway for carbon fixation and the type Il
alphaproteobacterial methane oxidizers use
the serine pathway for carbon fixation. In
1970 Whittenbury et al.,* started culturing
methanotrophs and over the years, though several
new genera and species have been identified,
there are still several lineages that has not been
brought into culture.>® Hence it is important
to update the understanding of the culture-
dependent studies of the methanotrophic world,”
as these methanotrophs are multifunctional
with promising environmental bioengineering
applications, including removal of methane,
biodegradation of toxic compounds etc.51°

This study endeavors to explore the
culturable methanotrophic population within
the Muthukuda mangrove sediments, a hitherto
unexplored reservoir of methanotrophic diversity.
With the multifunctional potential of culturable
methanotrophs in mind, this research seeks to

isolate methane-oxidizing bacteria and elucidate
their growth characteristics and methane oxidation
potential. By delving into the environmental
applications of methanotrophic isolates, this
study aims to contribute to broader ecological and
bioengineering endeavors.

MATERIALS AND METHODS

Isolation of bacteria

Sediment samples were collected from
the mangrove area of Muthukuda, situated near
Mimisal in Tamil Nadu’s Pudukottai district, within
the Palk Bay region (9° 51’ 38" N, 79° 8’ 1.57" E).
The sampling site comprises mangroves and a
seagrass bed. During low tide surface sediment
samples were obtained using a handheld PVC
corer (20 cm length, 5 cm diameter) and promptly
transported to the laboratory on ice. Upon arrival,
samples were sectioned into 0-5 cm intervals
for analysis within 3 hours of collection. Careful
attention was paid to avoid sampling from
the outer edge of the core liner, with samples
extracted from the core’s center. Sediment
slurries were prepared using autoclaved seawater,
followed by appropriate dilutions plated on nitrate
mineral salts (NMS) media.* Autoclaved phosphate
buffer solution was added to the media before
pouring the plates. Incubation was conducted in
gas-tight anaerobic bags at 28 + 2°C, utilizing a
0.22 um filtered gas mixture of methane and air
(30:70). Plates were observed at regular intervals
over 7-14 days. Isolates that grew on the NMS
medium were subjected to gram staining analysis.

Bacterial isolates with distinct colony
morphological features were chosen and
inoculated on nutrient agar plates without
methane and on NMS plates with methane.
Methane presence was determined by incubating
plates in airtight bags containing methane, while
plates without methane were incubated under
ambient conditions of bacteriological incubator.
Isolates that grew on NMS media containing
methane were selected for further investigation.
Isolates were chosen based on colony morphology
(including chromogenesis, opacity, elevation,
colony surface, and consistency) and their
methane-oxidizing potential. Growth curve
experiments were conducted in NMS media in
triplicates with methane as the sole source of
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carbon. Incubation was carried out at 28 + 2°C,
and growth was measuring the optical density
(OD) at 620 nm using a UV-VIS Spectrophotometer
(UV-1280 Shimadzu Scientific) every 24 hours.
Uninoculated broth served as a control. Specific
methane oxidizing activity was calculated from
the growth curve by averaging triplicate values and
determining their standard deviation. Methane
leakage was assessed by comparing blank
readings from control tubes with those of the
samples. Methane oxidation rate was determined
by injecting headspace gas from the vials into
a gas chromatograph (Shimadzu, GC-2010)
chromatography using flame ionization detector
(FID) equipped with capillary column (30 m long
mega bore) with a detector temperature of 150°C
and injector temperature of 100°C. Nitrogen was
employed as the carrier gas. Methane oxidation
rate was measured by decrease of the gas over
time. Methane standard with a concentration of
1-5 ppm was used for reference.

Physiological and Biochemical characteristics of
the methanotrophs

Growth of the isolates were assessed at
pH 5, 7, and 8 by adjusting the pH of the media
using sterile NaOH and HCI solutions. Varied
temperatures (4°C, 20°C, and 40°C) were tested
for their effect on isolate growth. Tolerance to
different stressors was evaluated by exposing the
isolates to varying concentrations of NaCl (1 to
5% w/v), 0.01% SDS, 0.001% crystal violet, and
0.001% malachite green incorporated into NMS
agar plates.'* Additionally, the isolates’ ability to
utilize various substrates (0.1%) such as methanol
and ethanol as carbon source in the absence of
methane. Likewise Using NMS medium, nitrogen
sources were similarly examined in the presence of
methane as a carbon source, where yeast extract
and D-Glucose was added instead of potassium
nitrate at a concentration of 0.1%.'%! Incubation
was conducted at the optimal temperature and
pH for each isolate, and growth was monitored
for 7 days. Isolates demonstrating growth were
categorized as positive, while those showing no
growth were deemed negative. Oxidase, Urease
activities were determined as described by Smibert
and Krieg.*

16s rRNA sequence analysis

DNA was isolated using Bacterial
DNA Isolation Kit (Qiagen, USA). 16S rRNA
gene was amplified using the universal
bacterial primers: forward primer; 27F-52
-AGAGTTTGATCMTGGCTCAG-32 and the reverse
primer; 1392R-52 -CTGCTGCSYCCCGTAG-32
containing 10x Taq buffer (2.5 pL), 50 mM MgCl2
(1 pL), 2 MM dNTPs (2.5 pL), 0.2 pL of Platinum®
Taq Polymerase (5 uL?, Invitrogen™), forward
primer (5 pmoles), reverse primer (10 pmol), DNA
template (8 ng), brought up to a final volume of
25 pL with ultra-pure water. The polymerase chain
reactions (PCR) were performed on GeneAmp PCR
System 9700 (Applied Biosystems™) thermocycler
under the following conditions: 4 min at 96°C,
followed by 30 cycles of 30 seconds at 94°C, 30
seconds at 57°C and 1 minutes at 72°C, and a final
extension step at 72°C for 10 minutes. Aliquots
of 5 uL of each reaction were examined on 1.2%
(w/v) agarose gel using Tris Borate ETDA buffer as
electrolyte. The PCR amplicons were subjected
to 2-way sequencing using ABI 3730x| Genetic
Analyzer, Barcode Biotechnologies, Bengaluru,
India. The DNA sequences were extracted
using ChromasPro (ver. 1.9.9), and the total
sequences were subjected to the chimera filter
using UCHIME® and aligned using the CLUSTAL_X
program.’ DNA sequences were compared with
GenBank sequences using BLAST algorithm.* The
phylogenetic tree was constructed using MEGA X.'®

RESULTS

Characterization of Methanotrophic Bacterial
isolates

The sediment sample yielded a
methanotrophic bacterial count of 1.5 x 103
CFU/g. Fourteen distinct colony morphotypes
were selected for further analysis. To confirm
methanotrophic activity, a confirmatory test was
conducted by streaking isolates on nutrient agar
and incubating them in the absence of methane.
Three unique bacterial morphotypes (designated
as NCT270, NCT271, and NCT272) were selected
based on this test for further investigation.
These colonies exhibited Gram-negative staining,
motility, and appeared round, white, opaque, and
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flat on NMS agar. Isolates NCT270 and NCT271
were cocci-shaped, while NCT272 was rod-shaped.

Growth Characteristics and Methane Oxidation
Potential of Methanotrophic Isolates

Optimal growth occurred at pH 8, with
peak growth observed at 30°C. No growth was
detected at extreme temperatures of 4°C and
40°C across all three isolates. Salinity levels
between 20 and 30 ppt supported optimal
growth. The strains exhibited tolerance to 0.001%
SDS, malachite green, and 0.01% crystal violet.

Table. Characteristics of the bacterial isolates from
Muthukuda mangrove sediments with the potential to
oxidize methane

Isolate NCT270 NCT271 NCT272
Cell Morphology Cocci Cocci Rod
Gram stain(+) - - -
Motility + + +
Biochemical Reactions

Oxidase + + +
Catalase + + +
Urease + + +
Substrate utilization

Carbon source

Methanol + + +
Ethanol + + +
Nitrogen Source

Yeast Extract + +

D Glucose + + +
Physiological Test

(a) pH

pH 6 + + +
pH 7 + + +
pH 8 + + +
(b) Temperature

4 - R -
30 + + +
40 - - -
(c) Salinity

0 + + +
18 + + +
35 + + +
Tolerance Test

0.01% SDS + + +
0.001% Crystal + + +
0.001% Malchite Green  + + +

80°C (20 mins) - - -

Methane served as the sole carbon source for
all experiments. Positive urease production was
observed after 7 days of incubation. In growth
tests with various substrates in the absence
of methane, efficient growth was noted with
methanol, ethanol. Growth was observed with
yeast extract and D-glucose as nitrogen sources
(Table). Microscopic and biochemical analysis of
strains NCT270, NCT271, and NCT272 suggested
their classification within Group | methanotrophic
genera: Methyloscarcina, Methylomicrobium, and
Methylomonas, respectively. Growth on NMS
medium, using methane as the carbon and energy
source at 30°C and pH 8 is shown in Figure 1. The
methane oxidation potentials of NCT270, NCT271,
and NCT272 were measured as 1.04,2.17, and 3.35
pum of the sample, respectively.

16S rRNA sequence analysis.

The 16S rRNA gene sequences of the
isolates NCT270, NCT271, and NCT272, generated
in this study, have been deposited in GenBank under
accession numbers ON834586, ON834587, and
ON834588, respectively. BLASTn analysis revealed
that NCT270, NCT271, and NCT272 exhibited
high similarities with known methanotrophic
species, specifically Methyloscarcina fibrate
(99.28% similarity), Methylomicrobium album
(98.77% similarity), and Methylomonas methanica
(99.15% similarity), respectively. Similar sequences
identified through BLASTn analysis were utilized
for constructing a Neighbor Joining tree. The
resulting phylogram clearly grouped the NCT
strains with their respective species, confirming
their taxonomic classification(Figure 2).

DISCUSSION

Isolation of methanotrophic bacteria
are considered to be difficult due its slow growth
and the growth of non-methane oxidizers as
contaminants during cultivation. Due to the
above said difficulties isolation of pure culture of
methanotrophs are considered as a challenging
task and are being carried out only by few
researchers in the world.'” Hence our work on the
isolation of methanotrophs from the mangrove
area gains significance, as there are no reports to
date on the same from the mangrove region in
south India, to our knowledge. All the three isolates
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Figure 1. Growth of the isolates NCT270, NCT271, and NCT272

were submitted in the National College Culture
Collection Facility. The isolates Methyloscarcina
fibrate (ON834586) with a similarity of 99.28%
similarity, Methylomicrobium album (ON834587)
98.77%, Methylomonas methanica (ON834588)
99.15% belongs to the type | group following the
work of Whittenbery et al.* Bowman et al.,*° and
Wise et al.*®

Whittenbury et al., * proposed the taxa
Methylomonas, Methylobacter, Methylococcus,
Methylocystis, and Methylosinus. Later in
1999, Bowman and his colleagues proposed
type | methanotrophs, should include the
genera Methylococcus, Methylomicrobium,
Methylobacter, and Methylomonas and type
Il methanotrophs, containing closely related
groups of species in the genera Methylosinus
and Methylocystis. In 1997 Bowman et al.,*
has explained on the inclusion of members of
a psychrophilic genus, Methylosphaera and
thermophilic genera, Methylocaldum and
Methylothermus by Bodrossy et al.?>?* Wise et
al.,”? has proposed new genus Methylosarcina
gen. nov., describing Methylosarcina fibrata sp.
Nov on the basis of characterization, particularly
of morphological, fatty acid and phylogenetic data
belonging to type | group.

Our work gains evidence from the
works of Shiau et al.,” as their work reports the

presence of Type | methanotrophs as the most
dominant CH,-oxidizing bacteria and about 50%
of populations belonged to Methylosarcina in
mangrove soils. Methylosarcina can grow over a
temperature range of 4-37°C and pH of 4.0-9.0.%
Earlier works on methanotrophs in tidal mangrove
environment has reported the dominance of
species belonging to Methylomonas. Among
the identified methanotrophs in tidal mangrove
Methylosarcina and Methylomonas were found
to be dominant.>?®* Type | methanotrophs like
Methylomicrobium were dominant of all the others
in Taiwan mangrove forests.?® It’s been reported
that the methane oxidizers, besides ‘growing on
methane and methanol, used other carbon sources
as additional organic compounds, which included
organic acids, yeast extract, and peptone which
stimulated the growth of some methanotrophs.?*
In the tidal mangrove soils Methylomonas and
Methylosarcina were reported to be more active.
Confirmation of similar differences was evident
in different locations through high-throughput
sequencing of the 16S ribosomal RNA (rRNA)
gene. Similarly, Methylomonas, Methylomicrobium
and Methylobacter groups involved in CH, in
sediments of Bertioga were reported to growth
on methane or methanol as the sole source of
carbon. Methanotrophs isolated from various
environments like™ Methylosinus trichosporium
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and Methylosinus sporium had oxidization ratesof =~ 19.5 x 10* mol cell* h*and 13.3+4.6 x 10" mol
approximately 0.135 and 0.14 x 10®* mol methane  cell* h for cell suspensions of methanotrophs
cell* ht. Higher methane oxidation rates of 64.8+  which were grown in batch and chemostat cultures

OR234854.1 Methylomonas denitrificans strain MO - isolaed from sediments of Moscow, Russia
AF150806.1 Methylomonas methanica clone pAMC28B5 - isolated from the lake sediments of Syracuse, USA
A NCT272

NR 041815.1 Methylomonas methanica strain $1 - isolated from environmental smaples in Bethesda, USA
OR237191.1 Methylomonas montana strain M1 - isolated from lake sediments of Moscow, Russia
KX129797 1 Methylomonas albis strain EbA - isolated from river waters of Potsdam, Germany

NR 178964 1 Methylomonas albis strain EbA - isolated from river waters of Potsdam, Germany

112052219.1 Methylomonas paludis strain S2AM - isolated from hypoxic water of boreal lakes, Tampere, Finland

FR798956.1 Methylomonas lenta isolate R-45370 - isolated from waste water treatment plant, Gent, Belgium

25
A ncT270

NR 025039 1 Methylosarcina fibrata strain AML-C10 - isolated from landfill soil, Athens, USA

NR 025040.1 Methylosarcina guisquiliarum strain AML-D4 - isolated from landfill soil, Athens, USA

NR 042712.1 Methylomicrobium lacus strain LW14 - isolated from freshwater lake sediment, Washinton, USA

a2

NR 116197.1 Methylomicrobium agile strain ATCC 35068 - isolated from freshwater lake sediment, Washinton, USA

NR 178805.1 umis oryzae strain Sn10-6 - isolated from rhizospheric soil, Junnar, India

NR 1785941 Methylicorpusculum oleiharenae strain XLMV4 - isolated from oil sands tailings water, Alberta, Canada

NR 043450.1 Methylotuvimicrobium japanense strain NI - isolated from marine environment of Hiroshima, Japan

NR 041814.1 Methylobacter luteus strain NCIMB 11914 - isolated from landfill soil, Athens, USA

NR 025132 1 Methylobacter marinus strain A45 - isolated from landfill soil, Athens, USA

A NCT271

NR 029244 1 Methylomicrobium album BG8 - isolated from St. Lucia, Australia

NR 178614.1 Methyloprofundus sedimenti strain WF1 - isolated from marine sediment of Monterey Canyon, Pasadena, USA

NR 0260331 Methylosphaera hansonii strain AMG - isolated from meromictic lakes of Tasmania, Australia

NR 116407.1 oryzae strain E10 - isolated from soil-water interface from rice fields, Montevideo, Uruguay

NR 133784.1 Methyloparacoccus murrelli strain R-49797 - isolated from waste stabilization pond, Gent, Belgium

NR 137413.1 Methylomagnum ishizawai strain RS11D-Pr - isolated from rice rhizosphere soil, Anjo, Japan

56 NR 181576.1 Mett oryzae strain 73a - isolated from rice plant, Bonn, Germany

NR 180968.1 Methylococcus geothermalis strain IM1 - isolated from soil sample from Bugok geothermal field, Chungcheongbugdo, South Korea

NR 042183.1 Mett is capsulatus str. Texas = ATCC - isolated from Marburg, Germany

oo

Figure 2. The phylogram was constructed using 16S rRNA gene sequences from the strains isolated in this study,
along with closely related reference sequences from GenBank. The sequences from this study are marked with
red triangles and labeled with the strain names NCT270, NCT271, and NCT272. Reference sequences are identified
by their GenBank accession numbers, followed by the genus-species name, strain name, and source of isolation
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have also been reported Benstead et al.* Various
methanotrophic related bacteria are reported to
oxidize methane from 0.02 to 1.05 um in the study
conducted in KG basin.** Though the cultures in
the present study fall within the lower range of
previously reported rates, our findings contribute
to the broader understanding of methanotrophic
bacteria which could help in the recycling of
organic carbon and in regulating the emission of
methane.

CONCLUSION

This study successfully explored and
characterized the culturable methanotrophic
bacteria from the Muthukuda mangrove
sediments, an area previously unexplored for its
methanotrophic diversity. Three distinct bacterial
morphotypes, designated NCT270, NCT271,
and NCT272, were selected for comprehensive
analysis. These isolates demonstrated optimal
growth at pH of 8 and a temperature of 30°C. The
isolates further proved their ability to grow in
the presence of methane and were identified
as Methyloscarcina fibrate (ON834586),
Methylomicrobium album (ON834587),
Methylomonas methanica (ON834588) with
molecular identification through 16S rRNA gene
sequencing and BLASTn analysis. In conclusion,
this study highlights the presence and capabilities
of methanotrophic bacteria in Muthukuda
mangrove sediments, showcasing their potential in
mitigating methane emissions. The characterized
strains, with their robust growth characteristics
and methane oxidation capabilities, contribute
valuable insights into methanotrophic diversity
and underscore their potential for environmental
applications in reducing methane emissions and
combating global warming.
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