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ABSTRACT

Anunidentified orange bacterial strainisolated from distillery spent wash
when characterized for morphological, microscopic, biochemical and
molecular features (16SrRNA sequencing) was identified as Planococcus
maritimus AHJ_2. Small orange coloniesmeasuring 2-3 mmin diameter on
LuriaBertani agar medium wasthe striking feature noted in the organism.
The bacterium could grow over awide range of media, pH (3.0-11.0) and
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temperature (20-37°C) but optimal growth and pigmentation was observed
in LB medium at pH 7.0 at 37°C containing 0.5 percent NaCl.
Spectrophotometric, FTIR and HPLC analysis of pigments revealed the

presence of carotenoid type of pigment.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Asagainst widespread use of synthetic dyes not
known to beenvironment friendly, demand for natural
pigmentsfor coloring fabrics, foods/feeds, cosmetics
and printinginksareincreasing™. A number of natura
pigments produced by plants contribute to enhanced
immune system and reduced risk of degenerativedis-
eases, such ascancer, cardiovascul ar diseases, macu-
lar degeneration, cataract and acting as anti-aging
agents?9l, Of thevariousnatural pigments, microbial
pigments prodigiosinand violacein aretypesof red and
violet bacteria pigmentsthat havefound gpplicationin
medica areasduetotheir activitiesasimmunosuppres-
sive, anticancer, antibacteria and antifunga agentgs7.
Carotenoids are currently produced for use as food

colorants, nutritional supplements, cosmeticsor health
purposesd. Inadditiontother pigmenting abilities, caro-
tenoidsmay function asanti oxidants by quenching pho-
tosengitizers, interacting with singlet oxygen, and scav-
enging peroxy radical§°. The speciesof thevarious
taxonomic groups’ bacteria, fungi and yeasts are effi-
cient natura producersof carotenoids. Facingthegrow-
ingeconomic significanceof carotenoids, muchinterest
has been devoted to new supplies of thistype of pig-
ment!®1, The fermentation conditions, such asculti-
vation temperature, NaCl, pH*2, play important roles
inthe carotenoidsforming activity of microorganisms
aswell ascompositionratio of carotenoids.
Intheview of thesignificanceof biopigments, the
present work in this paper deal swith the characteriza-
tion of the orange pigmented bacteriaboth for itsiden-
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tification and production of anintenseorange carotenoid
pigment.

EXPERIMENTAL SECTION

Materials

All chemicasand culturemediaused for thegrowth
of pigment producing bacteriawere purchased from
Hi-Medialaboratories (Bombay, India). Doubleglass
distilled water was used for the experimentation. Sol-
ventsused for theextraction of pigmentswereof HPLC
gradeand purchased from Bombay, India.

| nstruments

Theingrumentsused inthisstudy wereUV/Visble
spectrophotometer (UV Mini 1240 Shimadzu, Japan),
commercid heavy duty shaker (REMI), cyclomixer and
water bath (REMI).

Collection of distillery spent wash

Digtillery spent wash from Shri Satpuda Tapi
Sahakari sugar factory and distillery section,
Purushottamnagar, Shahadawascollected in sterile 500
mL Erlenmeyer flasks. Andysisof thesamplewascar-
ried out in the research laboratory of Department of
Microbiology, PSGVPM’S ASC College, Shahada.

METHODS

Enrichment of sample

1 mL of effluent ssmplewasenrichedin sterile 100
mL Nutrient Broth, Potato Dextrose Broth, and Luria
Bertani broth each. All flaskswereincubated for 48
hoursonrotary shaker at 100 rpm (REMI, IndiaLtd.)

Screeningand isolation

Enriched broth sampleswerediluted upto 10° and
0.1 ml of dilution was plated on sterile nutrient agar
plate, serilestarch casain agar plate, sterile potato dex-
troseagar plateand sterile LuriaBertani agar plate. All
the plates were incubated at 37° C up to 48 hours.
Growth of organismsfrom each of the sterile nutrient
agar plate, sterile starch casein agar plate, sterile po-
tato dextroseagar plate, sterileLuriaBertani agar plates
were observed and best pigment producing organisms
were selected. Thesewerefurther purified from mixed

population. Six pigment producing bacteriawereiso-
lated from effluent samples. Out of six isolates, most
prominent pigment producing bacteriagrown on sterile
nutrient agar aswell ason sterile LuriaBertani agar
were sdected. A pure culture of theisolatewas main-
tained on sterile LB agar (casein enzyme hydrolysate
10gL"; yeast extract, 5gL"; NaCl 10gL"; pH 7) dlants
followed by storageat 4°C as master culture and work-
ing stocks. When needed, culture wasinconsistently
derived from amaster culture by streakingon LB agar
inorder to maintain itsgenetic stability. The bacteria
isolate when cultured on this medium at 37+0.5°C
formed intense orange col ored colonies after incuba-
tion period of 3-4 daysand used for further studies.

I dentification of isolates
Colony mor phology and cell characterization

Thebacterial isolatewas plated on LuriaBertani
agar, allowed to grow at 37+5°C for 3-5 days and
then studied for different cultural and cell morphologi-
ca parameters, such ascolony size, devations, margin
and colony pigmentation. Motility (hanging drop
method) and Gram’s reaction of the bacterial cells were
performed using standard methods.

Biochemical char acterization

Identification of isolate was done on the basi s of
morphologica, cultura, biochemical and physiologica
characteristicsfrom MTCC-Chandigarh. Theisolates
were crossidentified on thebasisof biochemical char-
acters conducted routinely according to the protocol s
of ‘Bergey’s Manual’ on 48 hours grown bacterial cul-
tures. The pre-sterilized Hi-carbohydrate biochemical
kit (KB 002 and KB 009, Hi Media, Mumbai, India)
was used for biochemicd identification of theisolate.

M olecular identification of bacterial isolatebased
upon 16SrRNA sequence

Molecular identification of theisolate by 16SrRNA
sequencing wasdoneat ‘National Center for Cell Sci-
ence’, Ganeshkhind, Pune. The determined sequence
of this16SrRNA fragment was submitted to GenBank
for GenBank A ccessi on (www.nchi.nim.nih.gov/ Blast).
Thissequencewasblasted into Nucleotide Blast Tool’
of ‘National Center for Biotechnology Information’
(availableat www.nchi.nlm.nih.gov/ Blast) for nucle-
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otide homol ogy. The maximum homol ogy report (Tax-
onomy Blast Report) wasidentified.

Pigment production

Growth and pigment productionwascarried outin
500 mL Erlenmeyer flask containing 100 ml of Luria
Bertani broth inoculated with 1 mL of 24 hoursculture
suspensions. Flaskswereincubated on rotary shaker
at 120 rpmfor 72 hours.

Extraction and spectrophotometricanalysisof pig-
ment

For the extraction of the pigment ascreening pro-
gramsinvolving various methodswere accomplished
and themethod found most suitablewas used further
for dl theinvedtigations. Culturesamplesfrom each flask
were centrifuged at 10000 X g for 15 minutes. Inthe
harvested cells50 mL of HPL C grade methanol was
added to themoist cell mass. Mixturewasvortex for 5
minutes and kept for incubation up to 6 hours. All the
pigmentswereextracted in methanol and colorlesscdll
debriswereremoved by centrifugation. UV visblescan-
ning spectraof themethanol extract containing pigment
were recorded between 200 and 800 nmon UV vis-
ible spectrophotometer (UV Mini 1240 Shimadzu, Ja
pan). The absorption maximawere thus determined.

Fourier transformsinfrared analysis(FTIR)

FTIR analysiswas carried out to detect the pres-
enceof functional groupsin theextracted pigment. For
pigment analysis, FTIR was considered asacomple-
mentary techniquethat could providethemolecular and
Structura information of organicandinorganic molecules
present inthe pigment.

Effect of medium pH on growth and pigmentation

In order to determine the optimum conditionsfor
growth and pigment production, optimization of pH and
salt concentrationswerestudied. Inan experimental set
up 500 ml Erlenmeyer flasks containing 100 ml of the
growth medium LB broth wasinoculated witha100 ul
of theinoculum. The pH of the growth medium was
variedas 3, 5, 7, 9and 11. Theflaskswereincubated
onrotary shakersfor 72 hoursat 37°C. After incuba-
tion, therdativegrowth and extent of pigmentationwas
recorded spectrophotometrically. All the separate shake
flask experimentswereperformedintriplicatesand re-
sultswereexpressed asmean+SD.

ziogecﬁnofoyy C—

Effect of incubation temperature

Effect of incubation temperature (20, 25, 30, 37,
45°C) on the bacterial cell growth and pigmentation
was observed after growing theinoculated LB broth
medium at different temperatures. After 72 hoursof in-
cubation period, the growth and pigmentation of the
bacterid isol ateswas recorded spectrophotometrically.

RESULTSAND DISCUSSION

Colony mor phology and cell characteristics

The colony morphology and cell characteristicsof
thebacterial isolatesin LuriaBertani agar showed that
within 3-5daysof incubation thebacteria isolategrew
toformintense orange colonies (2-3mmin diameter)
having entiremargin and smooth cong stency (Photplate
1A). Gram staining of bacterial cellsreved ed thepres-
ence of Gram positive cocci.

Plate1: Growth and pigment productio by thebacterial
isolatesin LB agar medium

Biochemical characteristics

Theintense orange pigment forming isolate was
identified on the basis of biochemical charactersfrom
Microbial Type Culture Collection, Chandigarh. The
resultsof variousbiochemical testsareasdepictedin
TABLE 1. Onthebasisof biochemical characteriza-
tions, isolatewasidentified from M TCC, Chandigarh
as a Planococcus maritimus.

Molecular identification of bacterial isolatesbased
upon 16Sr RNA sequence

16SrRNA sequencesobtained from NCCSwere

Au Tudian Yourual



BTAIJ, 7(5) 2013

submitted to GenBank and are avail able as GenBank
Accession Numbers JN873343.1 Planococcus

Arpana H.Jobanputra and Varsha M.Chaudhari 197

————, FyurrL PAPER

Sr. No

Characteristics

|solate 1
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19

20

21

Configuration
Margin
Elevation
Surface

Pigment
Opacity

Gram’s Reaction
Cél Shape
Sizemm

Spores
Endospores
Position

Shape
Sporangia
Motility
Anaerobic
Physiological tests
Growth at temperature
4°C

15°C

25°C

30°C

37°C

42°C

55°C

Growth at pH
pH 5.0

pH 7.0

pH 8.0

pH 9.0

pH10.0

pH 11.0

Growth on NaCl (%)
20

4.0

6.0

8.0

10.0

11.0

12.0
Biochemical Tests
Methyl Red Test

Circular
Entire
Raised
Moist

Orange-Ydlow
Opaque
+ve

Coccus
0.5-1

Moatile

+ + + + 4+

+ 4+ + + + +

Sr. No Characteristics Isolate 1
V oges Poskauer test -
Casein hydrolysis +
Citrate -
Nitrate -
Arginine -
Ornithine +
Indole -
Gelatin Hydrolysis -
Starch hydrolysis -
Esculin hydrolysis -
Catalase test +
Oxidase test -
Growth on Mac-Conkeys NLF
Tween-20 -
Tween-40 -
Tween-60 -
Tween-80 -
Urea production -
19 TSI Results
Butt Yellow
Sant Yellow
H,S Production -
20  Acid Production from
Trehalose -
Lactose -
Mélibiose -
Adonital -
Inositol -
Raffinose +
Célobiose +
Maltose +
Xylose -
Sucrose +
Sorhitol -
Salicin +
Rhamnose -
Galactose -
Fructose +

maritimus strain AHJ_2 (www.nchi.nlm.nih.gov/
Blast). Thesequenceswereblasted into Nud ectide Blast
Tool’ of ‘National Center for Biotechnology Informa-
tion’ (available at www.ncbi.nlm.nih.gov/ Blast) for nucle-
otide homology. Themaximum homol ogy report (Tax-
onomy Blast Report) identified ahigh nucleotide homol -
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ogy of the 16S5rRNA (99% maximum identity in 100 %
query coverage) with 16SrDNA/ 16SrRNA. Fromthe
analysisof the generated taxonomy report of the 16S
rDNA genesequence, thisbacteria strainwith highest
scoreof (2628), and lowest E-value (0.0) wasidentified
to be Planococcus maritimus AHJ 2. However, the
bacterial strain under study showed amaximum of 99
per cent homology with the previoudly reported se-

quences. Thisestablished that thebacterid isol aeidenti-
fied asPlanococcus maritimus AHJ 2 isanovel srain
that hasnot been reported earlier.
Separ ation and typedeter mination of natur eof the
pigment

Themethanol extract of the pigment was subjected
to partition betweenimmiscible solventsto separatethe

@ Planomicrobium okeanokoites gene for 165 FRMA, partial sequence, shain: NERC 12536

&y 4 Planccoccus sp. TP- Snow-C20 165 rbosomal RiA gene, partial sequence

 Planococcus salinaum shain 151- 16 165 ribosomal RNA gene, parfisl sequence

:—{Iﬁmkuhs 129 leaves

<1 firmicutes | 2 leaves

< firmicutes | 5 leaves

@ lcljss671 4

2

“ Planococcus maritimus streain AHJ_2 165 ribos...

Figurel: Neighbour -joiningtreebased on 16S5r RNA gene sequences, showing phylogeneticr elationshipsbetween sequences

of thephylum firmicutes

type of pigment produced by the organism. Extraction
wasachieved inthe ether phaseinthe separatory fun-
nel. Presence of the pigment inthe diethyl ether phase
exhibitsthe presence of carotenoidsor carotenols.

UV-visible spectra absor ption spectra of the pig-
ment

UV-visible absorption spectraof carotenoids pig-
mentsareof immenseimportance, Sncethey aid agreet
deal in determining the structure of carotenoids. The
UV-visible absorption maximawere 466 nmin metha-
nol. Thisabsorption spectrum of the pigment waschar-
acteristic of carotenoids(Figure2).

I dentification of pigment by IR analysis

Oneof themainidentification testsfor pigment is
IR spectrum. Pigment exhibited bright spectral absorp-

ﬁiogecﬁnofoyy C—

tionlines, 466.79 c! peek rel ated to the hydroxy group

Figure 2 : Absorption spectrum of the pigment from
Planococcus maritimus AHJ_2
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Figure3: FTIR analysisspectrum of themethanol extracted pigment

(OH), 709.83-740.69 cmr* attribute to the O-H bend
ing peaks, peak at 1265-1435 cn? rel ated to theamino
second group (NH), 2305-3053.42 cm'* peaksrelated
to amino group (NH) in pigment extracted from
Planococcus. ThelR spectra anaysisof themethanol
extracted pigment reveal sthe presence of carotenoids
(Figure3).

Effect of medium pH and incubation temperature
on growth and pigmentation of thebacterial isolate

Theeffect of pH value of the growth medium on
growth and pigment production of Planococcuswad

0.5 -

Biomass Gm\100ml

studied. Theisolate has shown remarkable ability to
grow at pH values (3.0, 5.0, 7.0, 9.0 and 11.0) and
produces orange and intense orange pigment over a
wide range of medium pH. However, it showed its
maximum growth and pigmentation efficiency at pH
vaueof 7.0. Thissuggested that pigmentation wasdi-
rectly related with growth and that in spiteof its capac-
ity to grow over awide pH range, thebacterial isolates
wasneutrophilicinitsnature (Figure4).

Temperature
In order to determinethe optimum temperature, for

5 s Biomass
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

= Dpigment

Pigment mg\gm

3 5 i 9
PH
Figure4: Effect of pH on growth and pigment production

the growth and pigmentation, the bacteria isolatewas
grownin LB brothand growth wasobserved at fivedif-

0
i 5

ferent incubationtemperatures (20, 25, 30, 37 and 40°C).
All theincubation temperatures allowed the growth of
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thebacterid isolateindicatingitstemperaturestability over
amesophilicrange. However, the optimum growth of
thebacterial isolate was observed in the culturesincu-
bated at 37°C, followed by 30°C (Figure 5).

CONCLUSIONS

Based upon various morphol ogical, microscopic,

0.4 - - 0.35
I Biomass
- 0.3
—&— Pigment
0.3 =
- 0.25
2 2
E - 0.2 /2‘5
~.« 0.2 - =
Z 015 S
2 8
~ -
2 L 0.1
0.1 A
- 0.05
0 0

20 25 30 37

40

Figure5: Effect of temperatureon growth and pigment production of Planococccus

biochemical and molecular parameters, an orangepig-
mented bacteriad strainwasisolated and identified asa
novel strain of Planococcus maritimusAHJ 2. This
strain could actively grow and wasapotent producer
of orange pigment in medium containing 0.5-1.0% NaCl
and havinginitial pH of 6.0-7.0 and at anincubation
temperature of 37°C. Preliminary investigations of the
extracted pigment exhibited its close resemblanceto
carotenoids. Thereby studiesreated toitsfurther andy-
ses by sophisticated instrumentation and its applicabil -
ity asfood grade pigment areunderway and arelikely
toyield encouraging results.
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