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ABSTRACT

Phyllospheric methylotrophic bacteria were isolated from leaf surface of p
from Anand, Thasra and Nawagam Tehshil on NMS medium supptech&vith

methanol (1%) by Leaf imprinting technigue. Among 33 isolates three p:
isolates viz. M 3, M 10 and M5lshowed fourfold increase in cell numbers
methanol 1% solution. Isolate M 3, M 10 and M 15 were found Gram +ve,
occurring singly. Isolate M 3, M 10 and M 15 showed yellow, dull white

shiny white pigmented growth respectively, on NMS medianFoultural and
microscopic characteristics it was accepted that, isolates belongs to 1
Bacillaceaelsolate M 15 were found tolerating higher pH range (9.0) and 7
NaCl concentration as compared to other isolates Isolate M 10 and M 15 sl
resistant to wide range of antibiotics and were found to utilize carbon source:
the basis of partial 16S rRNA gene sequencing selected phyllospheric ist
AAU M 3 was identified as Staphylococcus saprophyticus, AAU M 10 as Bac
subtilis, AAU M 15 as Rcillus methylotrophicus. Chosen three isolates w
subjected to qualitative detection of two key enzymes of bacterial mel
degradation pathway viz. soluble methane monooxygenase (sMMO) and me
dehydrogenase (MDH) and established positive.

I ntroduction

A family of symbiotic bacteria belonging to are characterized by the capability to grow on

the genus Met hyl ob ac toeer ganban chmmpouwds sach agi format&,
pigmented facultative methylotrophic formaldehyde or methanol as the sole carbon
bacteriao (PPFMs) p | and energy sdureesand thiisr easdyrbd isolatédh e y

are ubiquitous in natureand have been on a methanebased mineral medium.

detected

in soll,

dust,

freshwater, lake

sediments, on leaf surfaces and nodules, inmrhese médtylotrophic bacteria are known to
rice grains, air, as well as on other solid metabolize methanol but also few limited C1

surfaces. They are aerobic, Gramgative

carbon substrates, as well as organic acids and

bacteria and although they are able to grow oralcohols. Plant surfaces release diverse carbon

a wide range of multarbon substrates, they

sources, mainly sugars and anic acids in
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| ow amount s (e M) a n dn \itd e screening 0 of r methglotroghice

heterogeneously located resulting of leachingactivity

through the cuticle. In addition to these

substrates, volatile carbon substrates,The isolates were tested for utilization of

particularly the plant cell wall metabolism methane gas @ 1% and th&nol @ 1 to 5 %

byproduct methanol are releaseada the as sole source of carbon in evacuated tubes

stomata. Methanol emission peaks in thecontaining water + methane or methanol

morning, when the stomata first open. separately to confirm  ntieylotrophic
metabolism (Jhal&t al., 2015). Growth and

There is evidence that methanol is consumedurvival of isolates were measured by

by Methylobacterium and contributes to the recording colony counts from the edat 10

epiphytic fitness of the organism. However, in days after inoculation on NMS media.

addition to the peak of methanemission in

the morning, Methylobacterium should adapt Characterization of the potential

its metabolism to use additional carbon methylotrophic isolates

sources during the rest of the day when

methanol emission is low or during the night Methanol or methane utilizing bacteria

when stomata are closed. These PPFMs arfprimary screened) were characterized am th

especially abundant in Rhizosphdyat also basis of morphological, Biochacal and

found on leaves of fielgrown crops molecular characterissc using Berge

averaged about 106 cfu of PPFMs per leafletManual of  Systematic  Bacteriology

and typically >80% of the viable bacteria ( Ber geyds, 1939) .

recovered from leaves were PPFMs (Oreer

al., 2004). Morphological characterization

Materials and Methods Morphological characteristics of
methylotrophic isolates were recorded by two
Isolation of phyllospheric methylotrophic ~ means after obtaining pure cultures on NMS
bacteria agar medium: Cultural charactgics of
organisms viz. size, shape, elevation, margin,
Seven leaf samples were collected fromelevation, texture, opacity and pigmentation
wetland paddy fields of Agricultural Research were recorded and microscopic characteristics
Station for Irrigated Crops, Thasra as well asviz. size, shape, arrangement, motility and
from far mer 6s field&raanfds Thaarcai ofTnal wkae re
growing paddy customarily by Leaf tolerance of all isolates ag tested on the
imprinting technique on selective medium nutrient broth medium adjusted to pH 5.0, 7.0
Nitrate mineral salt (NMSfSodium nitratee  and 9.0 and salt tolerance of isolates were
2.0 g I*, MgSQ, 7H,0-0.2 g/l, KCF0.04 g I,  tested for salt (NaCl) tolerance in NMS broth
Calcium chloride0.015 g I, Na, HPQ;- 0.21  with 1 % methanol having 2.5, 5.0 and 7.5 %
g I, NaHPO,- 0.09 g I', FeSQ 7H,0-0.01  of NaCl concentration. The bacterial
mg I, CuSQ 5H,0 - 5 mg I*, HBO,d 10  suspension (0.1 ml hag 10 CFU/mI) of
mg 1, MnSO4 5HO - 10 mg I', ZnSQ methylotrophic isolates was inoculated into
7TH,0-70 mg I, MoO; - 10 g [Y)  broth in tubes. The inoculated isolates were

supplemented with filtesterilized  incubated at 28°C for-3 days. The presence
cyclohexamide (10 mg/ml) and 1 % methanolor absence of growth was recorded by
(v/v) at 28°C (Corpe, 1985). spectrophotometer (OD @ 600nm). Potential
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isolates were grown in WNrient broth at pr i mer 1. 0 ¢ 15 0AGAIGHTe r 1
30+2eC for 24 h and TGAITCONTGGOCTC AG®H caunldt ul €0
was spreaded on nutrient agar plates. Thé’rimer 2 (1492 R5 -&GT TAC CTT GTT

discs of antibiotics (HiMedia make) were kept ACGACTT-36) and the primers
on inoculated plates at equidistance from eaclat MWG Biotech Pvt. Ltd., Germany. These

ot her . Pl ates wer e i rpuimers dasigndd om tthe PaBig & cdnsenved4 8 h
Zone of inhibtion was observed for each sequences of eubacteria (Weisbueg al.,

antibiotic disc and diameter fmo two sides 1991), were located at the extreme 50 and 30

was recorded (Jhakt al.,2015). of the 16S rRNA gene, respectively, allowing
an approximately 1560p DNA fragment to
Biochemical characterization be amplified. After mixing of all the

components polymerize chain reaction was
Biochemical tests readymade kits availablecarried out in Mastercycler Personal
from HiMedia (HiPure Bacterial (Eppendorf, Germany) with initial
Identification Kit) were used. Individual denaturation step at 94 C for 5 min followed
bexcterial suspensi on (638 cydes of dehatlir@tidn (9¢ € tr 1miin),
was inoculated in each well of test strips andannealing (58 C for 1 min) and extension (72
allowed to incubate ¢€fr2mhdandffinalattensb@gepat 7220 t er
incubation, observations were recorded byfor 10 min. PCR amplified products were run
applying appropriate reagents provided withon agarose gel electrophoresis.
the kit.

DNA sequencing analysis
Utilization of other C1 compounds

o After PCR amplification, purification of

Isolates were tested for utilization of amplicons was done by quigpin PCR
formaldehyde, methylacetate and pyrification kit (MoBio Laboratories)
trichloroethylene @ 1 to 5 % as sole source off o | | o wi ng user os i nNstruc

carbon in evacuated tubes to confirm cqumn was used to remove primers and other
methylotrophic metabolism. The growth and reagents  from the PCR  product.

survival of isolates was measured by Quantification of the PCR purified fragments
recording growh of microorganisms at 10 \was  caried out by  NanDrop

days after inoculation. Spectrophotometer, measuring OD at 230,
o 260 and 280 nm. Concentration of 15 ng/100
Molecular characterization bp was made as required DNA sequencing
o of these PCR purified amplicons. Partial 16S
16S rRNA gene amplification rRNA gene sequencing was carried out for
_ ~ promising isolates and was performed using
Genomic DNA of all phyllospheric { R e AB | PRI SME Bi gDyeE

methylotrophic ~ bacterial isolates  were cycle sequencing kit on the ABI PRISM 3100
isolated using the protocol q_esc_ribed bYQenetic analyser (Chromous bidtgc The
Sambrooket al., (1989). The amiffication of 165 rRNA gene sequences were assembled
the 16S rRNA gene by PCR was performed inysing MEGA 4 software, compared with other
PCR reaction mixtur e gy SUS"qu NCBIC BLASTA dn&lysi® For 2 - S
el Taq Buffer (10 X) jdenfificaon Eplirposk Nah&® Lompadiso® of MM
each) mix, 2.0 el TemmbRjibsdfisBlale strﬁi@s@v%th'bgg\ﬁoﬁsl?/) )

: g

0.2 ¢l Taq pol ymer aghsractdiedd/ €1 ) . 1
Millipore Sterilized Water usig the following
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In vitro enzyme activitiess for methane designated as M 1 to M 7 of Agricultural
degradation Research Station for Irrigated Crops, Thasra
of which M 1 and M 2 gave pink colour
Activities of two key enzymes (methane colony, isolate M 3 to M 6 gave yellow colour
monooxygenase and methanol colonies and isolate M 7 exhibited white
dehydrogenase) involved in  methane colour colony. One isolate M 8 was isolated
oxidation were studied.For qualitative from f ar mer 0s field Thasr
detection of sSMMO enzyme, isolates were colour colony. Three isolates M 9 to
grown on NMS media with and without M 11 of Regional Research Station, AAU,
CuSO4andioubat ed for 72 Ahand isola 81e9@ave piriktisolate M 10
incubation, few naphthalene crystals weregave white and M 11 gave yellow colour
sprinkled in the lid of the plate and the platescolonies. Eight isolates, M 12 to M 19 of
were stored in inver tCeod Cafaiesia, tDemmment aot AgloBoen; f or
min in air followed by gentle spray of freshly AAU, Anand isolate M 12 and M 13 gave
prepared, orthaianisidine dye (5 mgnl-1)  pink, isolate M 14 and M 15 gave white and
for 2i 3 sec. The lids were replaced and theisolate M 16, M 17, M 18 and M 19 gave
plates were stored for 15 min in the presenceyellow colour colonies. Three isolates M 20
of the dye. If naphthol was produced by thet o M 22 of far mer 6s fi
colonies, a purpleed colour appeared upon amongst which isolate M 20 gavorange,
contact with the dye. The colour once formed,isolate M 2land M 22 gave pink colour
remained stable for at Isa24 h at room colonies. Four isolates M 23 to M 26 isolated
temperature (Grahast al.,1992). from farmer s field, Ba
isolate M 23 and M 26 gave yellow, isolate M
Qualitative detection of methanol 24 gave pink and isolate M 25 gave white
dehydrogenase (MDH) was carried out colour colonies.
following method of Eggeling and Sahm

(1980) with some modifications. Seven isolates M7 to M 33 were of Main
Rice Research Station, AAU, Nawagam of
Results and Discussion which isolate M 27 to M 30 exhibited pink,

isolate M 31 and M 32 shoved yellow and
Isolation of phyllospheric methylotrophic  isolate M 33 gave white colour colonies
bacteria from paddy (Table 4.1) Kimet al., 2010 methylotrophic

bacterial isolated usingeaf prints technology
Total 33 cultures were recovered from leaveson AMS medium and observed growth on
of wet land paddy fields by leaf imprinting outlining leaf print after week of inoculation
technique (Corpe, 1985). Only PPFMs wereat room temperature.
found predominating on the selective media
Nitrate mineral salts (NMS) medium with In vitro screening of phyllospheric
methanol, bacterizolonies were appeared on bacterial isolates for utilization of methane
media outlining the features of the leaf print gas and methanol
(Plate.1).

Among the 33 cultures, 1%olates viz, M 3,
Total 33 isolates were isolated from M 10, M 11, M 12, M 13, M 14, M 15, M 16,
phyllosphere of paddy crop grown at different M 18, M 21, M 22, M 23, M 25, M 26, M 27,
locations of middle Gujarat agro climatic M 28, M 29, M 32 and M 33 were found to
zone lll. Out of 33 isolates, 7 isolates multiply in 1 % methane + water as well as 1
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% methanol + water. Among all the 33 Table3. Isolate M 3, M 10 and M 15 showed

isolates three potent isolateg.vM 3, M 10, vyellow, dull white and shiny white pigment,

and M 15 were chosen for study (TaflJe respectively Platd. Isolate M 3, M 10 and M

Plate.2). They were chosen due to better CFU15 were found Gram +ve, rods occurring
singly (Tabke4). From cultural and

Results pertaining to survival of phyllospheric microscopic characters it was assumed that,

methylotrophic bacterial isolates on methanolisolate M 3, M 10 and M 15 may belongs to

in the concentration range of 1 to 5 % arefamily Bacillaceae.

presented in Tae 4.3. Results showed that

chosen three isolates were capable to survivghysiological characterization

and multiply on methanol concentration up to

5% level incorporated in NMS broth increase The results of pH tolerance of isolates are

in cell numbers after 10 days of inoculation. presented in Tablg. Chosen methylotrophic
Isolate M 3, M 10 and M 15 were able t0 pacgrial isolates have wide pH tolerance
efficiently utilize methanol showing 3 fold range like 5.0, 7.0 and 9.0. Maximum growth
increass in cell numbers from initial 102 t0 \yas obtained at pH 7.0 (TalB of all
107 at 10 DAL. selected isolates, while little 1 more at pH 5.0
_ and increasing at pH 9.0, isola#e15 showed
These results are supporting the fact tha%igher growth (1.247 and 1.508) as cares
methylotrophs oxidize methane to methanolig isolate M 3 (0.300 and 0.810) and isolate M
which is further oxidized to formaldehyde and 1 (0.313 and 0.404). This indicates that
utilized by organisms fo growth by peytral (7.0) and alkaline pH (9.0) support
assimilation in cell carbon pool (Anthony, mgre growth than acidic pH of 5.0 and hence
1982). Arfmanet al.(1989) reported growth sy 7.0 was maintained in the following
of Bacillus sp. On C_l compound methanol in gtdies. Palanichamgt al., (2012) a PPFM
batch culture at a high rate (1,20(600nmol  pacterial isolates were morphologically and
min-1, mg of proteinl). The short chain (C1  pjpchemically characterized and identified as
C4) primary alcohols ere oxidized, but 3 member of the genus Methylobacterium.

compared to methanol (100%) at lower The result indicates that neutral and alkaline
relative rates (ethanol, 90%;mopanol, 57%, pH (7.5) support good growth.

n-butanol, 53%). Secondary alcohobnd
formate were not oxidized, hile the The results of salt (NaCl) tolerance tife
organism oxidized various alcohols but grew chosen isolates are presented in Table 4.7.
well on methanol. Maximum growth of selected isolates was
found in 2.5% NaCl concentration, while
Characterization of potential phyllospheric  increasing the concentration of NaCl (%) the
methylotroph isolates growth decreased. Isolate M 15 showed
higher growth (1.42) at 2.5% NacCl
Three potential phyllospheric methylotrophic concentratbn as compared to M 3 (0.98) and
bacterial isolates were further subjected toM 10 (0.68). The result indicates that isolate
morphological, biochemical, physiological M 15 was found more tolerant as compared to

and molecular characterization. M 3 and M 10 at 7.5% NaCl concentration
(Table6). This might be due to the proline
Morphological characterization which acts as predominant compatible solute

independent of constant higher osmolality.
All the isolates showed variable growth Similar types of results were obtained by
patterns on NMS media as narrated inKniefet al.,(2010)
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the antibiotic

resistance while

isolate M 15 showed

resistant to

profiles of potent methylotrophic bacterial Ampicillin (10 pg/disc), Carbenicillin (100
isolates shown in Tahlé

Isolate M 10
showed resistant to Ampikn (10 pg/disc),

pg/disc),

Rifampicin

(5 pg/disc)
Vancomycin (30 pg/disc) as well dslerant

and

Carbenicillin (100 pg/disc), PolymyxiB  (intermediate) to Chloramphenicol (30
(300 pg/disc) and Rifampicin (5 pg/disc) pg/disc) and Gentamycin (10 pg/disc).
Table.1 Chosen methylotrophic bacterial count on NMS agar after exposure
To 1 % methane at 10 DAI
Bacterial counts (cfu/ml)
Isolates —
Initial 10 DAI
M 3 1.8x 106 3.2x 10
M 10 2.7 X10 6.9 x10
M 15 2.5 x10 7.8 x10
Table.2 Chosermrmethylotrophic bacterial CFU after exposure
To 1 to 5% methanol solution at 10 DAI
Chosen bacterial counts at 10 DAI (cfu/ml)
Isolates —
Initial 1% 2 % 3% 4% 5 %
M 3 5.4 x 10° 4.5x 10 5.8 x 10 5.4 x 10 5.8 x 10 4.7 x 10
M 10 3.1 x10 5.2 x 10 5.9 x 10 6.4 x 10 6.1 x 10 5.8 x 10
M 15 4.3 x10 6.9 x 1 7.1x1d 7.8 x 10 8.3 x 10 6.9 x 10

Table.3 Colony characteristics of phyllospheric isolates on NMS meadwitin 1% methanol

Colony Native phyllospheric methylotrophic Isolates
Characteristics M3 M 10 M 15

Shape Round Round Round
Margin Undulate Entire Regular
Elevation Flat Flat Raised
Texture Rough Smooth Smooth & sighing
Opacity Translucent Opaque Opaque
Pigment Yellow Dull white Shiny white
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Table.4 Microscopic characteristics

Isolates Shape Arrangement Grambs Re
M 3 Rod Single G +ve
M 10 Rod Single G +ve
M 15 Rod Single G +ve
Table.5pH tolerance of isolates
Optical densty (OD @ 600nm) at 24 hrs.
Isolates pH range
5 7 9
Control 0.0 0.0 0.0
M 3 0.30 0.88 0.81
M 10 0.31 0.66 0.40
M 15 1.25 1.78 1.51
Table.6 Salt tolerance of isolates
Optical density (OD @ 600nm) at 24 hrs.
Isolates NaCl concentration (%)
2.5 % 5.0% 7.5 %
Control 0.0 0.0 0.0
M 3 0.98 0.55 0.05
M 10 0.68 0.65 0.23
M 15 1.42 1.19 0.66
Table.7 Antibiotic resistance profiles of isolates
Antibiotic tested
Isolates
AMP | CB C |GEN | K PB | RIF | SPT| S | TE | VA
M3 S S S S S S S
M 10 R R S S S R S S S
M 15 I I S S S S R
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Table.8 Antibiotic Resistance zone interpretation

Concentration Sensitive | Intermediate Resistant
Antibiotic (mcg/disc) mm or
mm mm or less

more
AMP - Ampicillin 10 17 14-16 13
CB- Carbenicillin 100 23 20-22 19
C- Chloramphenicol 30 18 1317 12
GEN- Gentamycin 10 15 1314 12
K- Kanamycin 30 18 14-17 13
PB-Polymyxin-B 300 13 11-12 11
RIF - Rifampicin 5 20 17-19 16
SPT- Spectinomycin 100 18 1517 14
S- Streptomycin 10 15 12-14 11
TE- Tetracycline 30 15 12-14 11
VA-Vancomycin 30 17 1516 14

* Antimicrobial susceptibility testingone size interpretative chadfiMedia

Table.9 Tests for specific breakdown products of isolates

SI. Isolate M3 M10 | M15
No.

1. ONPG + - -
2 Lysine utilization + - +
3 Ornithine utlization + - +
4. Urease - - +
5. Phenyl alanine deamination - - -
6 Nitrate reductase - - -
7 H,S production - - +
8. Citrate utilization + + -
9. Voges proskauer 6s + + -
10. | Methyl red - - -
11. | Indole - - +
12. | Malonate utilization + + +

Keys: +: positive test: Negative test
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Table.10Carbon substrate utilization by isolates after 48 hours of inoculation

S.No. Carbon source M3 M 10 M 15
1. Esculine hydrolysis + + +
2. Arabinose + + +
3. Xylose + + +
4, Adonitol - - +
5. Rhamnose - + +
6. Cellobiose + - +
7. Melibiose - + +
8. Sachharose + + +
9. Raffinose - + +
10. Trehalose + + +
11. Glucose + + +
12. Lactose - - +
13. Oxidase + + +

Keys: +: positive test; Negative tes

Table.11Evaluation of isolates for {&ompounds ulization

Isolates Concentration (%) | M3 M10 | M15
1 + + +
2 - - -
Formaldehyde 3 - - -
4 - - -
5 - - -
1 - - +
2 - - +
Methyl acetate 3 - - -
4 - - -
5 - - -
1 + + +

Trichloro g - +
Ethylene 1 - - -
5 - - -
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Sourc e of organism
From farm

Leaf surface imprints

PPFMs bacterial
colonies appear

Purification  of
bacterial colony

Plate.1 Isolation of phyllospheric methylotrophic bacteria from rice leaf by
imprinting technique
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N \

\ \

Witbout methasol

it motnanct RN wacoue mechano

Wit mothaso

\

Isolate M 15

Plate.2 Methylotrophic bacterial greth on NMS agar after exposure to 1
methanol
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Isolate M 3

Isolate M 10

Isolate M 15

Plate.3 Colony characterization of phyllospheric isolates on NMS medium
1% methanol
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Plate.4 Antibiotics resstance profile of phyllospheric methylotrophic isolate
15. 1) AMP- Ampicillin, 2) C- Chloramphenicol, 3) CBCarbenicillin, 4)
GEN- Gentamycin, 5) PBPolymyxinB, 6) K- Kanamycin, 7) RIF
Rifampicin, 8) S Streptomycin, 9) SPT Spectinomycin, 10) VA
Vancomycin, 11) TE Tetracycline
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_—;mv’— 5“(‘—

e < TN

Plate.5 Biochemical characterization of phyllospheric methylotrophic isolate
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1500 bp
1000 bp ———> s
600 bp———>

300 bp —>

100 bp——>

Plate6 (A) DNA isolation and (B) 16S rRNA gene amplification from
phyllospheric methylotrophic isolates.-Marker, t M 3, 2 M 10
and 3 M 15
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With CuSoy Without CuSo,

i
-

With CuSo. Without CuSoy,

With CuSoy Without CuSo,

Plate.7 Detection of SMMO activity of isolates in presence and absence of c¢
on NMS agar
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Figure.1 Phylogenetic tree based on IE@3NA sequence of phyllospheric methylotrophic isolate M 3

A8 leaves
Bl 47 leaves
Qo OSuphylococcus massiliensis stram CCUG 55927 165 ribosomal RNA gene, partial sequence
@ 11 leaves
o 15 leaves
Q 42 leaves
? <l 36 1eaves
Q 2 leaves
9 O Staphylococcus kloosit strain ATCC 43959 16S ribosomal RNA gene, partial sequence
Q <3 leaves

9 D Staphylococcus saprophyticus AAUM 3
@ Staphylococcus saprophyticus strain ATCC 15305 165 nibosomal RNA gene, complete saquence
JO OSaphylococcus saprophyticus strain NBRC 102446 165 nbosomal RNA gene, partial sequence
OSuphylococcus saprophyticus strain JCM 2427 165 nbosomal RNA gene, partial sequence
|°-°°5 ' QOSwhyloco:cmnpopbyﬁ:mminAlt‘C 15305 165 ribosomal RNA gene, partial sequence
gm«mmm.wmmmtus 165 nbosomal RNA gene partal sequence|
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Figure.2 Phylogenetic tree based on 183NA sequence of phyllospheric metbgophic isolate M 10

9 Bacillus ichemfiormis strain NCDO 1772 16S nibosomal RNA gene, partial sequence

IDOLH» I

" ]

7 leaves

& 1] leaves

¢

“49 leaves

A3 Jeaves

rBacillus subtlis stramn 168 165 nibosomal RNA gene complete sequence

@ 12 leaves
4 Jeaves

Q DBacillus subtilis soram SEMP4 165 nibosomal RNA gene parnial sequence

{¥Bacillus subtilis straimn NBRC 13719 165 ribosomal RNA gene partial sequence

A6 leaves

JBacillus subtilis sorain DSM 10 165 ribosomal RNA gene, partial sequence

Bacillus subtilis subsp. subtilis strain 05-105 165 ribosomal RNA gene, partial sequence

? @ Bacillus subalis AAUM 10
¢’ {JBacillus subtlis subsp. subalis strain O5-63.a 165 ribosomal FNA gene parnal sequence
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Figure.3 Phylogenetic tree based on 13NA sequence of phyllospheric methylotrophic isolate M 15
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