Indian J Microbiol (Apr—June 2015) 55(2):151-162
DOI 10.1007/s12088-015-0510-3

ORIGINAL ARTICLE

Phylogenetic Study of Methanol Oxidizers from Chilika-Lake
Sediments Using Genomic and Metagenomic Approaches

Kamlesh K. Meena * Manish Kumar -
Snehasish Mishra - Sanjay Kumar Ojha -
Goraksha C. Wakchaure - Biplab Sarkar

Received: 16 June 2014/ Accepted: 3 January 2015/Published online: 15 January 2015

© Association of Microbiologists of India 2015

Abstract Group-wise diversity of sediment methylotrophs
of Chilika lake (Lat. 19°28-19°54'N; Long. 85°06'-
85°35'E) Odisha, India at various identified sites was stud-
ied. Both the culturable and unculturable (metagenome)
methylotrophs were investigated in the lake sediments
employing both mxaF and 16S rRNA genes as markers.
ARDRA profiling, 16S rRNA gene sequencing, PAGE pro-
filing of Haelll, EcoRlI restricted mxaF gene and the mxaF
gene sequences using culture-dependent approach revealed
the relatedness of a-proteobacteria and Methylobacterium,
Hyphomicrobium and Ancyclobacter sp. The total viable
counts of the culturable aerobic methylotrophs were rela-
tively higher in sediments near the sea mouth (S3; Panasp-
ada), also demonstrated relatively high salinity (0.1 M NaCl)
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tolerance. Metagenomic DNA from the sediments, amplified
using GC clamp mxaF primers and resolved through DGGE,
revealed the diversity within the unculturable methylo-
trophic bacterium Methylobacterium organophilum, Ancy-
clobacter aquaticus, Burkholderiales and Hyphomicrobium
sp. Culture-independent analyses revealed that up to 90 % of
the methylotrophs were unculturable. The study enhances
the general understandings of the metagenomic methylo-
trophs from such a special ecological niche.

Keywords ARDRA - Chilika - DGGE - Methylotroph -
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Introduction

Chilika (Lat. 19°28'-19°54'N; Long. 85°06'-85°35'E), a
biodiversity hotspot of the country, is a simple cone-
shaped, largest brackish water lake in Asia and second
largest in the world, situated in humid tropical climatic
coastal zone of Odisha (former Orissa), India, declared as a
Ramsar site (listed as a wetland for intensive conservation
and management by the ministry of Environment and
Forests, Government of India) under the convention on
‘Wetlands of international importance’ [1]. Chilika, slowly
but steadily transforming into a lagoon, is an attractive and
unparalleled fusion of marine, river, and estuarine habitat
that supports unique assemblage of marine, brackish water
and freshwater microbes [2], presents a challenge to
physiologists and biochemists [3]. Biological effects of
siltation and salinity, overall biodiversity loss due to the
changes in phytoplankton communities, and degradation of
lake ecosystem owing to the freshwater invasive species
thereby declining the overall productivity, have been pro-
foundly documented in recent times [2, 3, 5, 7, 8].
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Bacterial assimilation of methane, methanol and
methylamine is important in the detritus food chain. Meth-
ylotrophs are globally distributed and phylogenetically
dispersed. These have been isolated from various environ-
ments, including soils, sediments, freshwater, marine sedi-
ments, seawater, acid peat bogs, hot springs and cold
environments such as the Antarctic, and have attracted a
great deal of interest due to their considerable commercial
potential to produce bulk/fine chemicals and in bioremedi-
ation. Due to their specific properties, for instance, haloal-
kaliphilic methanotrophs could be of use in modern
biotechnology [4]. Methylotrophs have been reported from
diverse aquatic niches, such as, Washington Lake, USA [5],
Mono Lake, USA [6], Lonar Lake, India [7], Weyerhaeuser
[8], Warm pool, China [9], Colne Estuary, UK [10],
Brackish marsh, Portugal [11], and as a marine symbiont
[12]. There is increasing evidence for the striving methan-
otrophs in various ecogeographical regions including the
saline and alkaline aquatic environments. Although the vast
biodiversity of the brackish water system Chilika has been
appreciated unquestionably [1-3], reports have been feeble.

These are being extensively studied in a range of envi-
ronments due to their critical role in global methane cycle
as well. PCR-based methods facilitate the methanotrophs
ecology and diversity studies, viz., 16S ribosomal RNA
technology and specific amplification of ‘functional genes’,
such as those encoding unique enzymes in the organismal
metabolism including methane monooxygenase and meth-
anol dehydrogenase. Methanol-oxidizing bacteria play
significant role in biogeochemical carbon cycling by
facilitating incorporation of C; derivatives into biomass
[13, 14] using methanol as the sole carbon and energy
source. Cyto- and bio-chemical properties, such as, syn-
thesis of osmoprotectants, accumulation of potassium ions,
formation of glycoprotein S-layers on the outer cell wall
surface, and modification of the chemical composition of
their membranes, allow these specialized group (haloal-
kaliphilic methanotrophs) to adapt to saline and alkaline
habitats [4, 15].

Global cycling of C; compounds affect important envi-
ronmental phenomena related to climate change. Methylo-
trophs thriving on C-substrates like methane, methylated
sulfur sp., methylated amines, halogenated methanes and
methanol might play a crucial role in global warming and
groundwater contamination, the two major environmental
concerns. Alkalitolerant halophilic and type I alkaliphilic
halotolerant methanotrophs utilize methane and methanol,
to oxidize ammonium ions, and to transform various organic
compounds even at 12 %o salinity and 5-11 pH [15]. Recent
investigations reported methanol utilizing methylotrophs
from salty water-bodies having impact on global warming
and bioremediation of pollution by methanol and other C,
compounds [15-18]. Microscopic and enzymatic evidence
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of the reducing sediments at hypersaline seeps in the abyssal
Gulf of Mexico supported the hypothesis that methylotrophs
capable of using reduced C; compounds as their carbon and
energy sources occur as intracellular symbionts of the seep
mussel and other benthic invertebrates resembling hydro-
thermal vent community assemblages [12]. These symbio-
ses differed from those reported for bivalves from
hydrothermal vents and reducing sediments (23 to —34 %o
6C13). The microbiology, the bioprocess of CHy, N,O, and
CO, abatement, potential and limitations of the GHG bio-
degradation processes, technology niches and the knowl-
edge gaps have been reviewed [19]. It is essential to mention
that, methane (CH,), nitrous oxide (N,O), and carbon
dioxide (CO,) emissions represent approximately 98 % of
the global greenhouse gas (GHG) inventory.

The ecophysiological importance of methanotrophs in
microbial communities inhabiting haloalkaline aquatic
environments is due to their involvement in the global
cycles of methane and major bioelements (such as, C, N,
and S). The key microbial enzyme, methane monooxy-
genase (MMO; especially the soluble one), is remarkably
substrate nonspecific. This unique capability, i.e., catalyz-
ing reactions of environmental importance, has attracted
great attention for applied microbiologists and bioengi-
neers. Prudent biological technologies can become low-
cost ecofriendly alternative to physicochemical methods
for GHGs abatement. Molecular phylogenetic studies of
microbial diversity based on the conserved functional gene
sequences have greatly expanded our knowledge [9, 20—
23]. The mxaF gene is supposed to be a phylogenetic
chronometer for methylotrophs. This is also a conserved
functional gene like 16S rRNA, primarily responsible for
methylotrohy. With the functional methylotroph group as
the target, this gene was used to map the diversity of the
unculturable methanol oxidizers in Chilika Lake, which is
slowly but steadily transforming into a lagoon. The mxa
genes are well conserved among o-, B- and y-proteobac-
teria classes as expressed gene sequences, suggesting a
methylotrophic origin for methanol oxidation machinery
encoded by these genes. The probes targeting the func-
tional mxaF gene coding for MDH and 16S rRNA has been
widely used to detect and analyze the methylotroph
diversity within proteobacteria [24, 25]. Being a conserved
gene, mxaF served dubiously as a genetic marker to detect
methylotrophy in the environment [26, 27].

This study of summer 2010 isolated and characterized
the aerobic methanol-utilizers from Chilika lake sediments,
and analyzed their diversity using polyphasic approaches
(ARDRA profiling, 16S rRNA sequencing, mxaF-RFLP,
mxaF gene sequencing and real time quantification). Due to
geographical vastness, the methylotrophs diversity of entire
lake needs bigger comprehensive approach. None-the-less,
the present study is a first such attempt.
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Materials and Methods
Sampling Site

Samples were collected randomly by grab sampling
method from the sediment surface, up to 10-20 cm deep,
from diverse sites of Chilika lake (Lat. 19°28'—19°54'N;
Long. 85°06'-85°35'E) from Balugaon, Bhusandapur,
Panaspada, Nalaban island, and Breakfast island (Fig. 1).
There was variation in the length of water column due to
variation in the sea flow attached to the lake. At each of
these identified sampling sites, one composite sample was
prepared by pooling five sediment samples covering an
area of 5 km?, each sampling point being located at least
10 km distant from each other. In all, five composite
samples S1 (Balugaon), S2 (Bhusandapur), S3 (Panasp-
ada), S4 (Nalaban island), and S5 (Breakfast island) were
made. Samples were transported to the lab on ice and
stored at 4 °C until further analyses. A part of the samples
was immediately stored at —80 °C for culture-independent
studies. Samples were analyzed for various parameters,
such as, pH, salinity, organic carbon, and aerobic hetero-
trophic (total) microbial counts following standard proce-
dures [28]. The average mean values of these
physiochemical and biological attributes are detailed
sampling site-wise in Table 1.

Enrichment and Isolation

Nitrate mineral salt (NMS) medium was used for methylotrophs
enrichment, a liter of which contained NaCl 5.0 g, Na,HPO,
0.72 g, KH,PO, 0.28 g, MgSO,-7H,O 0.2 g, CaCl,-2H,0O
0.02 g, FeSO,-7H,O 5.0 mg, ZnSO4-7H,O 70 png, MnCl,.
4H,O 30 pg, H3;BO; 300 pg, CoCl, 200 pg, NiCly-6H,O
20 pg, Na,MoOy4-2H,0 30 pg, CuCl,-2H,0 10 pg, Nayi-EDTA
1.0 mg, KNO3 1.0 g, methanol 0.1 % v/v [29]. Antifungal
cycloheximide (40 mg/ml) was added at the rate of 500 pl per
liter, and pH was adjusted by inorganic (sodium; NaHCO;—
Na,COs3) buffer as per pH of the sample at sampling. The pre-
pared sediment samples (10.0 g in 100 ml double distilled
water) were placed in 500 ml Erlenmeyer flasks with 100 ml
methanol-fortified (as above) NMS medium and shaker incu-
bated (120 rpm; 30 °C) overnight. The samples were enriched
following three transfers in the medium over 4-6 days, serially
diluted, and plated on fortified-NMS agar for up to 24 h. After
incubation colonies were picked and transferred on to the slants,
flooded with glycerol and maintained as stocks.

Genomic DNA Extraction and PCR Amplification
of 16S rRNA and mxaF Genes

Genomic DNA was isolated from the log phase broth cul-
tures. Pelleted cells from 1.5 ml media were resuspended in

Fig. 1 Map of Chilika Lake 85.06” 85.11” 85.16” 85.21” 85.26" 85.31" 85.36”
showing sampling locations in 50 ' | JE—— T I 19 54”
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Table 1 Mean average values of selected parameters at various sampling locations

Sample Location Salinity, pH % Organic Log CFUs mxaF gene copies
point NaCl (mM) carbon (per gram sediment)
S1 Balugaon 80.0 £ 1.5 8.1+0.2 0.8 £ 0.03 5477 £ 0.35 49 x 10°

S2 Bhusandapur 90.0 £ 1.6 7.8 £0.2 0.5 £ 0.02 5.792 £ 045 1.60 x 10°

S3 Panaspada 100.0 £ 1.7 82 +0.3 1.5 £ 0.05 6.484 £+ 0.51 1.25 x 107

S4 Nalaban 85.0 £ 1.1 8.1+0.1 1.1 £0.03 5.991 £ 0.50 121 x 108

S5 Breakfast island 85.0 £ 0.9 8.8 + 04 1.1 £ 0.04 6.305 £ 0.53 1.20 x 10°

0.5 ml SET buffer (75 mM NaCl, 25 mM EDTA and
20 mM Tris) with 10 pl of lysozyme (10 mg/ml) and the
genomic DNA was extracted [30]. The integrity and con-
centration of purified DNA was determined by ethidium
bromide stained agarose gel (0.8 %) electrophoresis by
comparing with the commercial DNA ladder concentration
(Hyper ladder genetix). DNA from raw sediment samples
were extracted using UltraClean Soil DNA isolation kit
(MoBio Laboratories, Carlsbad). For PCR amplification,
final genomic DNA concentration was adjusted to 50 ng/pl.
16S rRNA gene was partially amplified using primers pA (5'-
AGAGTTTGATCCTGGCTCAG3'; E. coli position 8-27)
and pH (5-AAGGAGGTGATCCAGCCGCA3'; E. coli
position 1525-1544) [31]. Amplification was carried out on a
thermal cycler (Biorad PTC0220) in 100 pl volume by
mixing 50-90 ng template DNA with polymerase reaction
buffer (10x); 100 uM (each) dATP,dCTP, dTTP and dGTP;
primers pA and pH (20 ng each) and 1.0 U Tag polymerase
using following conditions: initial denaturation at 94 °C for
1.5 min; 35 cycles at 95 °C for 1.0 min, 55 °C for 1.0 min,
72 °C for 1.0 min; and final extension at 72 °C for 5 min.

The mxaF gene was used to identify/authenticate metha-
nol-oxidizing population downstream [6]. The mxaF gene in
the isolates was partially amplified using specific primers,
mxaF-1003 (5’GCGGCACCAACTGGGGCTGGT3'; for-
ward) and mxaR-1561 (5GGGCAGCATGAAAGGGCTC
CC3/; reverse) [24]. For environmental DNA, GC clamp
(CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG
GCA CGG GGG G) attached at 5’ end with one of the primer
was used to increase the bands separation in DGGE gel [32].
The PCR condition was similar to 16S rDNA amplification.
PCR products were separated on ethidium bromide stained
1.5 % agarose gel, and documented in Alpha Imager
TM1200 (Alpha InfoTech).

ARDRA and RFLP

Products were digested with selected restriction enzymes
with different restriction sites after 16S amplifying rDNA.
About 1 pg of PCR-amplified 16S rDNA fragment was
restricted with three different endonucleases Haelll, Mspl
and EcoRI (Fermentas) separately, incubated at 37 °C
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overnight and resolved on 2 % agarose gel. The mxaF gene
PCR products were digested with Haelll and EcoRI and
separated through PAGE (PolyAcrylamide Gel Electro-
phoresis). Banding patterns were visualized by ethidium
bromide staining and analyzed in Alpha Imager TM1200
(Alpha InfoTech). Thus, amplified rDNA restriction ana-
lysis and restricted fragment length polymorphism were
performed. Different phylotypes or operational taxonomic
units were obtained by similarity and clustering analysis
using NTSYSpc-2.02e. Similarities among isolates were
calculated by Jaccard’s coefficient [33], and dendrogram
constructed using UPGMA method [34]. Since ARDRA is
restriction digestion for (16S) ribosomal gene while RFLP
is restriction digestion of mxaF gene, the aim and impor-
tance of ARDRA and RFLP in the investigation was to
group the isolates based on structural and functional genes.

DGGE (Denaturing Gradient Gel Electrophoresis)
Profiling

The mxaF PCR products were purified using SV-PCR
purification kit (Promega). PCR products were separated
on a 1.0 mm thick, vertical polyacrylamide gel (6.5 % w/v
acrylamide:bisacrylamide::37.5:1, Bio-Rad) prepared with
and electrophoresed in 1.0 x TAE, pH 7.4 (0.04 M Tris-
base, 0.02 M sodium acetate, 1 mM EDTA) at 60 °C and a
constant voltage of 150 V for 16 h [35]. A denaturing
gradient of 100 % denaturant corresponded to 7 M urea
plus 40 % v/v formamide. Gels were loaded with 30 ul of
PCR product depending on the band intensity and elec-
trophoresed on 1.5 % agarose gels. DGGE gels were
stained for 20 min in water containing 0.5 pg/ml ethidium
bromide, and the images were recorded in an Alpha Imager
TM1200 (Alpha InfoTech) documentation analysis system.
DNA bands migrating to the same position on the gel were
assumed to be identical amplicons [32].

16S rRNA and mxaF Gene Sequencing

PCR amplified 16S rDNA products were purified with a
Quagquick purification kit (Qiagen). DNA sequences were



Indian J Microbiol (Apr-June 2015) 55(2):151-162

155

double checked by sequencing both strands using primers
pA and pH for forward and reverse reactions, respectively.
Nucleotide sequences were dideoxy-cycle sequenced with
fluorescent terminators (Big Dye, Applied Biosystems) and
run in a 3130x1 ABI prism automated DNA sequencer
(Applied Biosystems). DGGE bands were excised from the
gel using a sterile scalpel and incubated in 60 pl sterile
Milli-Q purified water at 4 °C for 24 h. DNA was diffused
out of the gel and the solution used as the template in a
reamplification PCR, performed using the original primers
but modified PCR regime (Table 2) and run on DGGE to
confirm its identity. Only pure bands were used for
sequencing by amplifying with primers without a GC
clamp. PCR products for sequencing were purified and
sequenced using ABI prism sequencer. Representatives of
the dendrogram constructed from mxaF-RFLP PAGE pat-
terns were also sequenced with fluorescent terminators (Big
dye, Applied Biosystems) and run in the same DNA
sequencer.

The sequences of 24 representative isolates are sub-
mitted to GenBank with accession numbers GQ281064-
GQ281070, GQ281072-GQ281076, GQ354269-GQ354270,
GQ411497-GQ411503, GQ411505, GQ227415 and
GQ332407. Partial mxaF gene fragments sequences
(HM765479-HM765503) and the excised DGGE bands
sequences (HM628891-HM628901) have also been sub-
mitted to the GenBank.

Quantification Through RT PCR

The mxaF gene quantification was done in copies based on
‘second derivative maximum method’ (using LightCycler
software 3.5; Roche diagnostics), wherein exponential
phase of amplification curve was linearly related to a
starting concentration of template DNA molecules. Each
QC-PCR standard curve was generated by using six dilu-
tions of standard DNA template from 10% to 10° copies of
mxaF gene, and the standard DNA template was tenfold
serial-diluted. Quantitative PCR using SYBR Green I
technology [36] with the primers mxaF and mxaR was
carried out amplifying five metagenome samples, negative

control and five plasmid DNA standards. Mastermix [14 pl
sterile water, 2 pl MgCl, (25 mM), 1 pl of each primer
(20 pmol), 2 ul of SYBR Green master mix (20 pmol,;
Roche diagnostics) and 50 ng DNA] was prepared.
Amplification started with a 10 min denaturation at 95 °C
followed by a 40-cycles 4-segment amplification (dena-
turation for 15 s at 95 °C, annealing for 10 s at 55 °C,
elongation for 20 s at 72 °C and appended for 5 s at 83 °C
for possible primer-dimers through a single fluorescence
measurement). The last step ensured the elimination of
nonspecific fluorescence signal and ensured accurate
quantification of the desired product. Finally, a systematic
melting step (10 s at 95 °C, 10 s at 60 °C and slow heating
at a rate of 0.1 °C per second up to 99 °C) with continuous
fluorescence measurement was performed.

BLAST Search and Phylogeny Analysis

The partial 16S rDNA sequences, mxaF gene sequences of
isolated strains and mxaF gene sequences from environ-
mental DNA were compared with those available in the
databases. Identification was based on sequence similarity
of =97 % with that of public database sequences, by
BLAST homology. The sequence alignment and compari-
son were performed using multiple sequence alignment
program ClustalW?2 [37] with default parameters, and data
converted to PHYLIP format. Minor modifications were
done manually on the basis of conserved domains, and
columns containing more than 50 % gaps were removed.
The phylogenetic trees were constructed on the aligned
datasets using MEGA 4.0.2 [38] using the neighbor-joining
method [39]. Bootstrap analysis [40] was performed on
1,000 random samples taken from the multiple alignments.

Results and Discussion

Methylotrophs are distributed in diverse environments
from freshwater Lake [5], deep-sea sediments [9], hyper-
saline lake [24], chlorinated environments [41], plant

Table 2 Prevailing PCR and DGGE conditions for the various primers used

Primer® Target gene PCR DGGE
Temperature profiles Cycles Gradient Time Voltage
(%) () %)
mxaFf1001/r1561 o subunit of MDH 94 °C,1 min; 54 °C, 30 S; 72 °C,1 min 36 30-70 5 150
(with GC clamp)
mxaFf1001/r1561 o subunit of MDH 94 °C,1 min; 55 °C, 30 S; 72 °C, 1 min 30 - - -

(without GC clamp)

* mxaFf1001: GCGGCACCAACTGGGCTGGT; mxaFr1561: GGGCAGCATGAAGGGCTCCC; GC clamp used: CGCCCGCCGCGCGCGG

CGGGCGGGGCGGGGGCACGGGGGG
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phyllosphere [42] to hot water effluent [43], suggesting
their ubiquity. Present study focused on the aerobic
methylotrophs covering 1,100 km? of the Chilika Lake
sediments through established molecular markers (such as
the functional gene mxaF and phylogenetic 16S rRNA
gene probes) which demonstrated the presence of phylo-
genetically diverse aerobic methylotrophs. The total viable
counts were relatively higher in sediments near the sea
mouth (S3; Panaspada) as also viewed by Joshi et al. [44].

Enumeration of Methanol Oxidizing Bacteria

The bacterial counts were from 5.4 to 6.4 log CFUs/g
sediment. A total of 80 isolates from the samples were
selected for further study. Maximum methylotroph popu-
lation was observed at relatively nearer to the sea mouth (at
S3; Panaspada), followed by S5 (Breakfast island) down
south, and minimum was in S1 (Balugaon), far away from
sea mouth. All isolates were aerobic, catalase, urease
positive and weakly oxidase positive. The halotolerance
ability of the representative isolates was studied. Methy-
lobacterium aerobically produces carotenoid pigment and
bacteriochlorophyll A indicating that their ability to
acquire ATP helps them to survive even in carbon

deprivation [41]. Two Methylobacterium sp. isolated from
the sediment samples from S3 (Panaspada) endured up to
1.0 M NaCl concentration (Table 3). The mixing of the sea
water in the lake might be a reason for the relatively high
halotolerance. Surface sediment was aerobic, whereas the
oxygen typically depleted within millimeters below possi-
bly due to the oxygen diffusional limitation across the
column coupled with the active aerobic respirers [36].

Isolates growing on methanol, but not responding to the
PCR amplification with mxaF-primers, may have alternate
mechanism for primary methanol metabolism [26], or
might be growing autotrophically. The lack of mxaF gene
amplification in isolates CS3, CS8 and CS15 point to such
alternate methylotrophy. Negative results suggest the role
of some other alcohol dehydrogenase in methylotrophic
metabolism.

The mxaF Gene Amplification

Results of the amplified gene mxaF coding for a-subunit of
methanol dehydrogenase indicated that the C; compounds in
the lake sediments may be derived from the organic sedi-
mentation and degradation. mxaF gene quantification gives
the real scenario of methylotroph biocoenose [9]. Most

Table 3 Characteristics of representative isolates based on the 16S rDNA phylogenetic resemblances

Division

Phylogenetic similarities (%)

Isolate ~ Colony color  Morphology  Gram reaction  Salt tolerance (M)
CS4 Pink Rods —ve 0-0.5
CS10 Pink Rods —ve 0-0.6
CS18 Pink Rods —ve 0-0.8
CS24 White Rods —ve 0-0.7
CS28 Pink Rods —ve 0-0.9
CS34 Cream Rods —ve 0-0.6
CS38 Pink Rods —ve 0-0.5
CS41 Pink Rods —ve 0-1.0
CS44 Pink Rods —ve 0-0.6
CS49 Pink Rods —ve 0-0.9
CS62 Pink Rods —ve 0-0.90
CS65 Pink Rods —ve 0-1.0
CS67 White Rods —ve 0-0.8
CS70 Pink Rods —ve 0-0.9
CS72 Pink Rods —ve 0-0.5
CS74 Cream Rods —ve 0-0.7
CS75 Pink Rods —ve 0-0.3
CS78 Pink Rods —ve 0-0.9
CS80 Cream Rods —ve 0-0.4
CS12 Cream Rods —ve 0-0.4
CS45 White Rods —ve 0-0.4
CS54 White Rods —ve 0-0.7
CS20 Pink Rods —ve 0-0.6
CS32 Cream Rods +ve 0-0.7

o-Proteobacteria
o-Proteobacteria
o-Proteobacteria
a-Proteobacteria
o-Proteobacteria
a-Proteobacteria
a-Proteobacteria
a-Proteobacteria
o-Proteobacteria
o-Proteobacteria
o-Proteobacteria
o-Proteobacteria
a-Proteobacteria
o-Proteobacteria
o-Proteobacteria
o-Proteobacteria
o-Proteobacteria
o-Proteobacteria
a-Proteobacteria
B-Proteobacteria
B-Proteobacteria
B-Proteobacteria
v-Proteobacteria
v-Proteobacteria

M. radiotolerans (99)

M. radiotolerans (99 %)

M. radiotolerans (99 %)
Hyphomicrobium facile (99 %)

M. organophilum (98 %)

H. facile (99 %)

M. extorquens (99 %)
Methylobacterium sp. (100 %)

M. organophilum (98 %)

M. extorquens (99 %)
Methylobacterium hispanicum (98 %)
Methylobacterium sp. (97 %)
Methylobacterium sp. (93 %)

M. radiotolerans (99 %)
Methylobacterium sp. (99 %)

H. facile (99 %)

M. lusitanum (99 %)

M. zatmanii (99 %)

H. facile (99 %)

Methyloversatilis sp. (85 %)
Methylophilus methylotrophus (99 %)
Methyloversatilis universalis (98 %)
Pseudomonas sp. (99 %)

Mycobacterium brisbanense (99 %)
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Fig. 2 Phylogenetic tree based
on the 16S rRNA gene
sequences of methylotrophs
using neighbor-joining method.
Data of all genera obtained are
from GenBank database—
sequence accession numbers are
in parentheses, the numbers on
the tree indicate the percentages
of boot-strap sampling derived
from 1,000 replicates, and the
bar infers nucleotide
substitutions
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isolates gave a fine 550 bp partial gene amplification, which
authenticated that all of them were methylotrophically active
methanol oxidizers. However, a few (viz., CS3, CS15, CSS;
Table 2) did not exhibit such amplification but still could
grow on agar plates even after several streaks. The genus
Methylobacterium, a pink pigmented facultative methylo-
troph follows Serine pathway to metabolize formaldehyde
[41], also reported from sea water [45], was dominant in the
explored diverse methylotroph communities.

6Q411501.1 (CS54) |

Amplified Ribosomal DNA Restriction Analysis
and RFLP

Restriction digestion of 16S rDNA gene (using Haelll, Mspl
and EcoRI) and restriction digestion of mxaF gene (using
Haelll and EcoRlI) yielded distinct restriction patterns, with
about two to five restricted fragments of varying sizes in
each pattern. Cluster analysis of combined 16S rDNA
restriction patterns based on the Jaccard’s similarity index
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grouped all 80 isolates in different groups (data not given).
The majority of the isolates formed two (I—52.5 %; 11—
37.5 %) major clusters, whereas the remaining ones formed
small clusters. A similar cluster analysis of the mxaF gene
combined restriction patterns (data not provided) grouped
the 77 isolates in two major groups, of which three isolates
did not exhibit mxaF gene amplification.

16S rRNA Gene Sequence Analysis

All 24 pigmented and nonpigmented representative isolates
with similar ARDRA pattern generated by three restriction
enzymes were selected for sequence analysis, to study the
species-level diversity of methylotrophs (Fig. 2). Based on
16S rDNA sequencing, the isolates identified were Meth-
ylobacterium radiotolerans, M. extorquens, M. hispanicum,
M. organophilum, M. lusitanum, M. zatmanii, Hypho-
microbium facile, Methyloversatilis sp., Mycobacterium
brisbanense and Pseudomonas sp. The prevalent genera
were o-proteobacteria, Methylobacterium and Hyphomicr-
obium. CS11 showed distinctly high sequence similarity
(100 %) with Methylobacterium sp. CS3, reportedly a
novel strain from a brackish water environment, showed a

Fig. 3 DGGE pattern of the mxaF gene from different sites of the
lake. Star marks represent the number of bands eluted

@ Springer

Fig. 4 Phylogenetic tree based on the mxaF gene sequences ofp
culturable and unculturable methylotrophs using neighbor-joining
method. Data of all genera obtained are from Genbank database. The
numbers on the tree indicate the percentages of boot-strap sampling
derived from 1,000 replicates, and the bar infers nucleotide
substitutions

lower similarity (85 %) with Methyloversatilis universalis
(Table 3). Some reported gene sequences here matched
with the gene sequences of active methylotrophs from Lake
Washington [5] and from the deep sea [9].

mxaF Gene Sequence Analysis
From Culturable Ones

For sequence analysis, all 25 pigmenting and non-pig-
menting representative isolates showing similar mxaF-
RFLP pattern generated by restriction enzyme Haelll and
EcoRI (data not presented) were selected. Genes coding for
the larger subunit of methanol dehydrogenase were also
sequenced and it was observed that the genus Methylo-
bacterium was dominant followed by Methylophilus and
Hyphomicrobium sp.

From mxaF Gene Sequences of Unculturable Ones

The mxaF gene amplified metagenome products gave dis-
tinct variation on DGGE profiling (Fig. 3). Culture-inde-
pendent mxaF gene sequences revealed them as
methylotrophs Methylobacterium organophilum, Ancy-
clobacter aquaticus, Burkholderiales and Hyphomicrobium
sp. with 73.3 % unculturable methylotrophs, 6.6 % Ancy-
clobacter aquaticus, 6.6 % Burkholderiales, 6.6 % Hy-
phomicrobium and 6.6 % Methylobacterium sp. (Fig. 4).

Real Time PCR Quantification

Sensitivity of Lightcycler RT-PCR was evaluated using
different starting amount of DNA and compared with the
standard curve. SYBR Green I fluorescence determination
at the elevated temperature 83 °C resulted in a reliable and
sensitive environmental DNA quantification assay with
high linearity (Pearson correlation coefficient 0.99) over
five orders of magnitude from 107 to 10° standard mxaF
cloned DNA start molecules (Fig. S1). All quantitative
PCR reactions were performed in replicates. The corre-
sponding specific mxaF gene fragment from different
sediment samples were amplified, indicating the vast dis-
tribution of methylotrophs in brackish water lake sediment.
The mxaF gene copy number per gram sediment was in the
range of 4.9 x 10°~1.25 x 107 (Table 1). The mxaF gene
copy numbers were compared to the CFUs determined by
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Log copy number Log cfu r220.9581
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Fig. 5 Comparison of log CFU with log copy number of mxaF gene
between samples (S1-S5) of the Chilika Lake

plate counts, and the calculated coefficient of correlation
between the log copy number of mxaF gene and log CFU
was 0.979 (Fig.5). The quantification limit was
1.21 x 10° mxaF gene copies per gram sediment.

Of the total 16S rRNA based identified isolates, 62.5 %
were close to Methylobacterium sp., 16.6 % were Hypho-
microbium facile, 4.1 % Methylophilus sp., Mycobacterium
brisbanense, Pseudomonas sp. and 8.2 % Methyloversatilis
sp., while Methylobacterium was dominant followed by
Methylophilus and Hyphomicrobium sp. in mxaF based
identification. The unculturable gene sequence analysis of
mxaF reported the dominance of unculturable methylo-
trophic bacteria. PCR amplification of mxaF gene coding
for o-subunit of methanol dehydrogenase indicate a meth-
ylotrophic metabolism. Burkholderiales was found through
culture independent approach with 92 % mxaF gene
sequence similarity. Bodrossy et al. [43] reported that
Burkholderiales followed some other alcohol dehydroge-
nase for methanol assimilation, and thus, it might be one of
the possible ecological adaptation reasons that Burkhol-
deriales possesses the mxaF gene. Successful species-level
identification and validation strategies for Bacillus [21],
Clostridium [22], Pseudomonas [23], Streptococcus [48]
based on the 16S rDNA (1rs) gene sequence through spe-
cies-specific phylogenetic frameworks, 30-50 nucleotide
long motifs (signature sequences) and (in silico) RE
digestion patterns in the rrs have been reported. Kalia et al.
[22] identified 84 novel Clostridia and advocated the
approach to identify important ‘food and healthcare’
microbes.

High organic matter including lipids imparts toxic effects
on the thriving microbial communities. Present study reports a
more diversified methylotrophs group from saline sediments,
like Methylobacterium, Methyloversatilis, Pseudomonas,

@ Springer

Hyphomicrobium and Mycobacterium. Methylophilus
methylotrophus could be a crop plants growth promoter under
nitrogen stress conditions as it produced significant amount of
low-viscosity extracellular polysaccharides from methanol in
a chemostat culture under nitrogen limiting condition [46].
The bioengineering applications of methanotrophs are limited
such as, the lack of suitable methanotrophic isolate, gas
transfer limitation, competitive inhibition of methyl monox-
ygenase (MMO), regeneration of reducing equivalents for
MMO and product toxicity [47]. Hyphomicrobium facile, an
aerobic chemoorganotroph, plays an important role in deni-
trification to remove nitrate at drinking water treatment
facilities [48], and sewage treatment plants [49]. Methylo-
bacterium is a facultative methylotroph and cannot use
methane, but is capable of utilizing methanol and some other
C, compounds, as well as a wide range of multi-carbon sub-
strates, as their sole carbon and energy source while Hypho-
microbium is a facultative methylotroph. Present study not
only describes the methylotrophic diversity of the Chilika
Lake but also indicates the richness of the sediments in terms
of microbial wealth.

16S rDNA signature sequences for methylotrophs fol-
lowing different metabolic pathways were developed by
Brusseau et al. [50]. Specific signature Serine pathway
methylotrophy 5'-CCC-TGAGTT-ATT-CCG-AAC-3’ was
found in isolate CS7 while isolate CS13 exhibited the
signature RuMP pathway methylotrophy 5'-ATG-CAT-
CTC-TGC-TTC-GTT-3'. As these were not found in the
rest of the strains, they could be tentatively considered for
novel species characterization.

Conclusion

Comparing the distribution and quantification of mxaF
gene by qRT PCR method revealed higher methylotrophs
population from S3 (Panaspada), suggesting a higher C,
utilization rate. Higher mxaF gene copy numbers (about
one log unit more) in all samples compared to the CFU
counts may suggest that only up to 10 % of methylobac-
teria were culturable (detectable by the plating method).
16S tRNA, mxaF-RFLP, mxaF gene sequencings, mxaF
gene quantification and ARDRA could classify and com-
pare the species level communities. The methylotrophs
were found to be predominantly o-proteobacteria. Up to a
maximum 85 % similarity of CS3 with Methyloversatilis
(GenBank sequences) suggests its novelty attributable to its
evolution to adapt well to this unique environment, to
confirm by polyphasic taxonomy approach. The phylogeny
of the C;-metabolism genes gave a better understanding of
the origin of related enzymes and interactions between
methylotrophs and non-methylotrophs. The present scien-
tific reporting is one-of-its-kind of the specialized
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methylotrophs comparing their culturable and metage-
nomic populations in ‘sediment’ niche covering a wider
landscape of the Chilika Lake.
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