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Abstract

The simple and reliable method was developed for the extraction of a novel class of cyanoxanthomycin (3-(3,5,7,10-
tetrahydroxy-1,1,9-trimethyl-2,6-dioxo-2,6-dihydro-1H-benzo[cd]pyren-4-yl)  propanenitrile) type antibiotic  from
thermophilic Geobacillus sp. 1s05. The molecule was a typical cytoplasmic pigment, and can be readily identified (both in
extraction and thin layer chromatography) by yellow-orange fluorescence under long UV/blue intensities. GC-MS analysis
revealed that the molecular structure of the isolated pure extract was cyanoxanthomycin type antibiotic pigment composed of
a benzopyrene with five fused rings in a planar delocalized structure. FT-IR spectra confirms the presence of hydroxyl,
carbonyls, methyl and cyano group in the pigment. Furthermore, the in-vitro antibacterial cyanoxanthomycin was
determined to have selective growth inhibition against various bacterial strains (Gram +ve/-ve). Further studies on various
physiological and genetic level effects of this antimicrobial compound will provide the possibility for the future therapeutic

and industrial applications.
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1. Introduction

Recent advancement in structural, molecular and
genetics of thermophiles which were adopted to extreme
temperature provided us with significant knowledge for
their utilization in industrial and pharma biotechnology
(McMullan et al. 2004; Stetter 1999). These thermophiles
produce unique proteins, enzymes, cellular components
and other biochemicals that function under conditions in
which mesophilic counterparts cannot be sustained (Bull et
al. 2000). Because of their unusual structural integrity of
the molecules allow them to withstand harsh conditions
typically associated with industrial processes, which has
consequently resulted in them being used in several novel
applications (Dufossé et al. 2005; Morozkina et al. 2010).

Thermophiles, as a result, is driven by the novel
bioactive molecules found to be convenient in many
applications. Despite, certain groups of hyperthermophilic
bacteria can able to produce simple to more complex
compounds in their existing environment. Especially, the
production of fluorescent pigment is predominant in a
member of the mesophilic group unless it is found less in
thermophiles and hyperthermophilic bacteria. Although, a
variety of plants, animals and microorganisms produce
fluorescent pigments. Few bacterial groups produce blue,
blue-green, yellow-orange and green-red coloured
pigments, which are having different functions and
chemical properties. On the other hand, the pigment

productions on selective media are important taxonomic
tools for the differentiation and classification of bacteria
(Jordan 1899; Nazina et al. 2001). Most of the industrially
viable fluorescent pigments used currently are extracted
from plants and other mesophilic bacteria. It could be an
advantage to produce natural fluorescent pigments from
thermophilic bacteria due to their stability and other novel
applicabilities.

The pentacyclic derived compounds from bacteria also
exhibit fluorescent properties, which are functionally
similar to other pentacyclic pigments from plants and other
sources. Xanthomycin is one such pentacyclic compound
containing cyano group which is absent or less
predominant in hyperthermophiles. Some pigments are of
cytoplasmic origin and produce characteristic yellow-
orange colour in long UV radiation. The fluorescent
pigment is less predominant in many bacterial genera,
which exhibit the characteristic yellow-orange coloured
fluorescent property. There are very few reports on cyano
group containing crude/pure drug extracted from bacteria,
especially Bacillus genus (Nair et al. 2019).

On the basis of its occurrence and distribution, there is
no evidence of pentacyclic derived fluorescent pigment in
thermophilic and hyperthermophilic groups especially in
the members of bacterial group 5, Geobacillus. Here we
have described a simple, rapid and novel method in
isolation and characterization of yellow-orange fluorescent
pigment from hyperthermophilic Geobacillus sp 1s05.
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2. Materials and Methods

2.1. Bacterial cultivation and culture media

Thermophilic aerobic Geobacillus sp. 1s0-5 was
isolated previously from alkaline thermal spring of
Karnataka, India (Mahadevan 2012). To be precise, the
strain was isolated from Bendruthirtha Hot water springs
of Karnataka. The bacterium, Geobacillus sp. 1s05 is a
gram-positive, non-motile, rod shaped with 1.3-1.5 pum in
width and 3-6 um in length. Its growth range was observed
between 65-90 °C, with an optimum at 70 °C; the pH
range for optimal growth is between 6 — 9. The mineral
enrichment of LB cultured cells was aerobically
transferred to SPYM media containing (w/v) 1 g of Starch;
0.5 g of Peptone; 0.2 g of yeast extract, 0.05 g of Sodium
chloride, 1% vitamin mixture and 0.5% mineral salt
solution. The medium was prepared pH 8.0 by adding
either 1 N HCI or 1 N NaOH and sterilized. The culture
was inoculated at 65 'C and kept for 48 hours under
constant agitation. Tryptic Soy Agar (TSA) (HiMedia,
Mumbai), Nutrient Agar (NA) (HiMedia, Mumbai) were
also used to perform antimicrobial properties of the
pigment extract.

2.2. Extraction of Fluorescent pigment

A desired seed culture of the bacterium was
hygienically transferred to 2.5 liters of SPYM and
incubated for 48 hours at 65 'C. The cells were then
harvested by centrifugation at 10,000 x g in 4 'C for 25
min. The bacterial pellets were collected and washed with
a minimum amount (~25 ml) of 50 mM Phosphate buffer
(pH 7.0) and approximately twenty-five grams biomass
was then freeze-dried. The freeze-dried sample was
washed twice with of 80% ice-cold acetone and agitated
for the two-minute cold condition. Finally, the agitated
mixture was filtered using Whatman No 1 filter paper
(Whatman, USA) under cold condition and air-dried. The
filtrate was then extracted three times using under reflux
for one hour by chloroform/methanol (2:1) (HiMedia,
Mumbai) solvent mixture. After each subsequent reflux
step, the extracts were combined and evaporated to
dryness under room temperature.

2.3. Thin Layer Chromatography

The purity of the fluorescent pigment was analyzed by
thin layer chromatography (TLC) using Silica Gel 120.
The dried extract was dissolved in minimum amount of
chloroform/methanol (2:1) and purity was determined
under 0.5-mm silica gel sheets (Merck 60F-254) using
chloroform-ethyl acetate (3:1) solvent system. For the
extraction from silica gel, the preparative TLC was
performed under thin Silica Gel plates (0.3 mm, Merck,
Mumbai). The fluorescent compound was irradiated and
visualized with a long-wavelength (340- 365 nm) UV lamp
(Philips, USA) (Magyarosy et al. 2002). The fluorescent
bands were scraped off from the plate, dissolved in
minimum amount of ice-cold acetone, and filtered through
Whatman No1 filter paper.

2.4. Analytical Methods

The GC-MS profile of the fluorescent pigment was
determined by the VF-5ms 30 m x 0.25mm (ID) x 0.25um
quartz capillary column with helium as the carrier gas,
injector temperature was 280 °C, split ratio 15:1.0 and

sample size 1.0 pl for GC condition. The ionization mode
was El, electron bombarding energy was 70 eV, charging
multiplier tube voltage at 500 V, scan range from m/z 40
to 650 at 3 scan/sec was used, and solvent delay at 3 min
was maintained for mass determination. The infrared
spectrum of the pigment was recorded on Nicolet Magna-
IR 380 FTIR spectrometer (Thermo Electron, USA)
spectrophotometer using KBr pellets at 32 average scans
rate.

2.5. Antibacterial assay

The antibacterial property of the cyanoxanthomycin
pigment was determined by agar well diffusion method
using  Muller-Hinton (MHA) agar plates. The
concentration of 50uM (1 pM= 429ug/ml) was prepared
by dissolving the appropriate amount of pure extract
(cyanoxanthomycin) in sterile distilled water. The equal
amount of standard ciproflaxin using distilled water was
also prepared. The overnight grown individual bacterial
strains were uniformly swabbed on to the surface of MHA
plates by sterile cotton swabs. The cell concentration of
Bacillus subtilis (MTCC 3053), Escherichia coli (MTCC
1698), Pseudomonas aeruginoasa (MTCC 6458),
Staphylococcus aureus (MTCC 6908) and Streptococcus
sp. (MTCC 9724) were 2.1x10° 2.6x10° 2.5x10°,
2.9x10% and 3.1x10° cfu/mL, respectively (Mulla et al.,
2016 a and b). Each 50uL of sample were aseptically
loaded in well and the plates were incubated in an upright
position for 1 day at 37 °C. The clear zone of inhibition
around colonies indicated the antibacterial property of the
pigment.

3. Results and Discussion

Extremophiles, isolated from the extreme ecological
niches are well adapted to unfavourable environmental
factors and have huge biotechnological potential (Dufossé
et al. 2005; Fujiwara 2002; Singh and Gabani 2011).
Especially, the biologically active substances synthesized
by extremophiles, currently seeking to be important for
their ability to survive and proliferate. These compounds
are generally nonessential for growth of the organism and
are synthesized with the aid of genes involved in
intermediary metabolism. Among bioactive compounds of
microbial origin have been characterized, a limited number
of compounds is used for biomedical, agricultural and
industrial applications. One such natural bioactive
compound is fluorescent pigment with potent antibiotic
properties.

3.1. Extraction and characterization of the Pigment

Herein, a simple procedure was developed for isolation
of water-insoluble fluorescent pigment from Geobacillus
sp. Iso5. It was characterized as yellow-orange colour
producing pigment under long wavelength of UV intensity
(Figure 1). The chloroform/methanol extraction (2:1) of
pigment under reflux condition yielded a bright yellow-
orange coloured spot on silica gel plate (data not shown).
The purity of the extraction protocol was further analyzed
by preparative thin layer chromatography, also revealed
the presence of single yellow-orange colored spot (R¢
value, 0.53) on the thin silica gel plates. Further
fluorescent properties in different solvents such as acetone,
dimethyl sulfoxide, methanol and pyridine also revealed
the presence of same yellow-orange fluorescent colour.
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The molecular mass of the pigment analyzed by using GC-
MS revealed the presence of one major peak at m/z 429.14
with 90% intensity at 12 minutes (Figure 2). Additionally,
from FT-IR, the CN stretching frequency is observed for
the molecule between 2200-2300 cm™. From these results
it was identified as cyanoxanthomycin of Geobacillus sp.
Iso5 is a conjugated pigment. The production of
fluorescent pigments by many bacterial groups was
previously reported (Jordan 1899; Seleen and Stark 1943).
Indeed, particularly abundant with the fluorescent
pseudomonads adjacent to the atmosphere, spermosphere
and rhizosphere in the soil (Elliott 1958; Huge 1964;
Turfreijer et al. 1938). The Pseudomonas fluorescens
produces yellow-green fluorescent pigment (YGFP) from
brewery waste yeast with and without mineral salts in the
medium (Silva and Almeida 2006). Elliott (1958) and
Meyer (2000) described some of the properties of the
water-soluble fluorescent pigment of the Pseudomonads
called Pyoverdine. There are only a few reports available
on the fluorescent pigment production from Bacillus sp.
(Kolev 1991; Sneath 1986). Although, the influence of
some natural and synthetic medium for the production of
blue, blue-green, yellow-orange and green-red fluorescent
coloured pigments from B. fluorescens albus, B.
fluorescens tennis, B. fluorescens mesentericus, B.
fluorescens putridus. B. viridians and, B. fluorescens
liquefaciens was also reported (Flugge 1886; Jordan 1899;
Meyer 1978; Seleen and Stark 1943). Further, Turfitt
(1937) employed ordinary nutrient media for B.
pyocyaneus, B. fluorescens liquefaciens, and B.
fluorescens non-liquefaciens accompanied by the diffusion
of a green or greenish blue fluorescence throughout the
culture. However, there are only few Bacillus spp.
produces yellow-green diffusible pigments were reported.

Figure 1 Flourescent property of chloroform/methanol without
(A) and with extract (B). Dried extract was suspened in
chloroform/methanol (1:1), and visualized by long-wavelength
UV intensity (350 nm). “A” indicates the control system
containing only solvent without extract did not show any
folurescent property.
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Figure 2 GCMS spectum of the purified chloroxanthomycine
showing an single peak at 429.14 with 90% average intensity.

Description

Based on the spectral  assignment, the
cyanoxanthomycin (3-(3,5,7,10-tetrahydroxy-1,1,9-
trimethyl-2,6-dioxo-2,6-dihydro-1H-benzo[cd]pyren-4-yl)
propanenitrile) composed of a benzopyrene with five fused
rings in a planar delocalized structure. There are four
hydroxyl groups, two carbonyls, three methyl group and
propanenitrile containing cyano group (Figure 3).

NC
OH 0] OH
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(0] OH
H;C CH,
Figure 3 Structure of Cyanoxanthomycin.

3.2. Antimicrobial activities

The extract, cyanoxanthomycin was shown potent
antibacterial properties against selected bacterial (Gram
+ve/-ve) strains (Table 1). At the concentrations of 50 uM,
it was observed between 11.6 mm zone to 19.2 mm zone
of inhibition for a given bacterial cultures, compared to the
standard antibiotic which shows between 7.5 mm zone to
11.2 mm zone of inhibition. For B. subtilis, it was inhibited
by showing 11.6£0.1 mm zone of inhibition around the
well which is the lowest inhibition whereas at same
concentration of pure extract (cyanoxanthomycin) shows
maximum inhibition 19.2 for P. aeruginoasa. The detailed
inhibitory activity of cyanoxanthomycin on different gram-
positive and negative bacteria was presented in Table 1.
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The reported pigment has a conjugated ring system
with strong intramolecular hydrogen bonds between the
hydroxyl and carbonyl groups.

The polycyclic aromatic ring system belongs to the
benzo [cd] pyrene structural class and is responsible for
the strong fluorescence activity. The cyanoxanthomycin is
likely to that of resistomycin, resistoflavin and itamycin
pigments which exhibit similar structure (Kozhevina
1982). However, Resistomycin is a fluorescent

Table 1. Antibacterial activity of Cyanoxanthomycin.

pentacyclic, highly conjugated pigment and having potent
antibacterial, antiviral and anti-cancer properties (Eckardt
et al. 1972; Kozhevina 1982). There was no evidence of
pentacyclic, cyano group fluorescent pigments from
thermophiles and hyperthermophiles. Like Resistomycin,
cyanoxanthomycin of Geobacillus, it produces yellow-
orange fluorescent intensity and has selective antibacterial
properties.

Organisms
Concentration B. subtilis E. coli P. aeruginoasa S. aureus Streptococcus sp.
(50 puM) (MTCC 3053) inmm  (MTCC 1698) (MTCC 6458) (MTCC 6908) (MTCC 9724)
Cyanoxanthomycin 11.6+0.1 16.9+0.1 19.2+0.1 18.4+0.1 17.9+0.1
Ciprofloxacin 08.2+0.1 09.1+0.1 09.6+0.1 11.2+0.1 7.5+0.1

*The values of each constituent consisted of Mean + SE of three replicates. The concentration of 50 uM (1 M = 429 pg/ml) was prepared
by dissolving the appropriate weight of cyanoxanthomycin in sterile double distilled water (sterilized).

4. Conclusion

This is the first report of a fluorescent, pentacyclic
pyrene having cyano group, a natural compound produced
by a member thermophiles. We have employed a simple
and easy procedure for the extraction of the fluorescent
pigment from Geobacillus sp. Iso5. It also has
characteristic antibacterial property on different bacteria.
Due to lack of description on pentacyclic-derived pigments
from hyperthermophiles, we believe that it has wider
industrial and therapeutic applications.
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