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ABSTRACT

Planococcus sp. CAU13 produces a dark pigment, the identity of which is the focus of this study. Initial extraction methods
utilized known procedures for carotenoid extraction, as Planococcus members are known to produce yellow to orange pigment-
ed carotenoids. Extractions were followed by melanin isolation techniques, as the carotenoid methods yielded a yellow, but not
the expected dark color. Ultraviolet—visible (UV-Vis) spectroscopy and infrared (IR) spectroscopy were used to characterize the
extractions. Analysis found that both carotenoids and melanin are likely present. Genetic analysis supports the presence of both
carotenoids and melanin. Portions of a known C-30 carotenoid biosynthetic gene cluster (BGC) are present in CAU13. which
produces a type III polyketide synthase (PKSIII); this is a class of enzyme known to produce 1,3,6,8-tetrahydroxynaphthalene
(T4HN), the first product in the biosynthetic pathway for DHN-type allomelanin. Multiple experiments verify the hypothesis
that a mixture of a carotenoid and melanin are produced by the bacterium Planococcus sp. CAU13.
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INTRODUCTION

Planococcus sp. CAU13 was first isolated and cultured
from a soil sample extracted from the desert sands of Hash-
emite Kingdom of Jordan. Isolation revealed spherical
smooth colonies presenting a dark pigment morphology after
10-20 days of growth (Fig 1). The bacterium’s genome was
sequenced and it was determined to be a member of the Pla-
nococcus genus (1). Other members in the genus are known to
produce orange and yellow pigmentation due to the presence
of carotenoids (2; 3). Carotenoids are a class of biomolecules
produced by fungi, microorganisms, and plants (4). These
biomolecules serve as pigments and give rise to orange, yellow,
and red colors due to their absorbance in the visible spectrum
via their conjugated system of single and double bonds, creat-
ed by their origin as tetraterpene derivatives (5). Carotenoids
can be divided into two types, xanthophylls and carotenes.
Xanthophylls contain oxygen and are typically the type of
carotenoids that Planococcus members produce, while caro-
tenes are pure hydrocarbons. Microorganisms can produce a
variety of carotenoids, for example Arthrobacter sp. NamB2
produces a pink pigment, the heterothallic zygomycetous
fungus, Blakeslea trispora produces f-carotene, a yeast Phaffia
rhodozyma (also known as Xanthophyllomyces dendrorhous)
produces f-carotene and astaxanthin, bacteria such as Crocei-
bacterium produces zeaxanthin, Micrococcus luteus produces
yellow pigment (5)

Carotenoids primarily have two functions, absorbing light
energy to aid in photosynthesis, and providing photopro-
tection while acting as an antioxidant (3). Due to the seem-
ingly conserved nature of carotenoids throughout the genus,
methods for carotenoid extraction were utilized to determine
whether they play a role in the pigmentation of the focus
of this study Planococcus sp. CAU13. Previous unpublished
studies from this laboratory have shown the possible presence
of carotenoids, but have not yet elucidated the identity of the
black pigment or investigated the genetic origin of carotenoid
production.

While no other member of the genus is known to exhibit
black pigmentation one member, Planococcus maritimus, pro-
duces 1,8-dihydroxynapthalene (DHN) which is a precursor
to allomelanin (5). Melanin is another biomolecule which is
ubiquitous in all forms of life responsible for a brown to black
range of pigmentation. Melanin’s primary function is for pro-
tection against environmental factors including DNA damage
from UV radiation, high temperatures, and chemical stress-
ors like oxidation. Allomelanin, the type that 2 maritimus is
hypothesized to produce, is most common in fungi (6) but is
present in other bacteria (7; 8; 9; 10). Production of allomel-

FIGURE

Planococcus sp. CAUI13 grown on marine agar plate with
5% NaCl.

Colonies exhibited dark brown glossy color.

anin through the DHN pathway involves the use of a class of
enzyme called a type III polyketide synthase (PKSIII). PKSIII
catalyzes the formation of (1,3,6,8)-tetrahydroxynapthalene
(T4HN) utilizing malonyl-CoA as a substrate, which is fol-
lowed by enzymatic reduction and dehydration steps to form
1,8-dihydroxynaphthalene (1,8-DHN) (7). PKSIII enzymes
exist as homodimer proteins which produce a wide variety of
products (11). A PKSIII involved in bacterial TAHN pro-
duction as a melanin precursor has been described in both its
structure and its active site which allows for the comparison
to possible homologous enzymes in CAU13 (11).

The goal of this study is to isolate and characterize the
black pigment and determine if Planococcus sp. CAU13
produces either or both melanin and carotenoids. As previous
work suggested the presence of carotenoids, initial methods
for preliminary extraction included established procedures for
carotenoid extraction. This was followed by a procedure for
melanin extraction, as carotenoid methods did not yield the
desired black pigmentation. Both methods were followed by
IR and UV-Vis spectroscopy to characterize the extract, and
genetic analysis was performed to understand the pathways
involved.
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MATERIALS & METHODS

CULTURE GROWTH

Planococcus sp. CAU13 was streaked onto plates of Zobell
Marine Broth 2216 supplemented with 5% NaCl and 7.5%
agar. Cultures were grown in the dark at room temperature
(23 C) for two weeks until the dark pigment appeared. The
dark pigmented colonies were scraped into 15 mL conical
screw cap tubes for extraction of the pigment.

CAROTENOID BASED EXTRACTION

Preliminary extraction utilizing carotenoid methods dis-
solved a collected plate of CAU13 in 2.0 mL of a 7:3 mixture
of acetone: methanol containing 0.1% BHT as an antioxidant
(3). The mixture was incubated at 50 °C for 50 minutes and
sonicated for 15 seconds before being placed in a centrifuge at
11,000 xg rcf for 5 minutes and the supernatant was collect-
ed. Diethyl ether was used as replacement solvent in a sec-
ondary extraction following the same procedure to adjust for
nonpolar factors and ease of residue collection.

MELANIN BASED EXTRACTION

Preliminary extraction utilizing melanin methods (3;
13) followed the same method as carotenoid extraction (5;
12). A collected plate of CAU13 was washed with 2 mL of
hexane then the remaining residue was dissolved in 2 mL of
2M NaOH (12). The mixture was incubated at 50°C for 50
minutes and sonicated for 15 seconds before being placed in a
centrifuge at 11,000 xg for 5 minutes and the supernatant was
collected.

IR-SPECTROSCOPY

Carotenoid-based diethyl ether extracted supernatant
was air dried in fume hood and the solid residue was collect-
ed. This residue was scanned directly on a JASCO FT/IR-
4X1typeA IR spectrometer from 4000-500 cm™. Melanin ex-
tract was precipitated using 2M HCI dried and collected. This
extract was scanned directly on a JASCO FT/IR-4X1typeA IR
spectrometer from 4000-500 cm™.

UV-VIS SPECTROSCOPY

The supernatant of the melanin and carotenoid extracts
were scanned on a Perkin Elmer Lambda 35 UV-Vis spec-
trometer from 300-800 nm; melanin-based extract required a
40x dilution with 7:3 v/v acetone:methanol from the original
concentration prior to analysis.

PROTEOGENOMIC ANALYSIS

The online genomic database collection website BioCyc
(14) was used for investigating the genome of CAU13 to
identify hypothetical polyketide synthase. T-Coffee “Ex-
presso” alignment from T-Coffee (15) was used for BLAST
analysis comparing specific polyketide synthase in CAU13
with other organisms.

RESULTS

CAROTENOID EXTRACTION

Carotenoid extraction method that used 7:3 acetone:-
methanol yielded a yellow-orange supernatant, Figure 2. UV-
Vis full spectrum scan yielded three distinct peaks at 440.5,
462.6, and 484.1 nm, Figure 3. IR spectra exhibited bands at
3300 cm™, 1535 cm™, 1400 cm™, 1340 cm™ Figure 4.

FIGURE 2

Carotenoid extraction with 7:3 vlv acetone:methanol.

Color of the extract appears yellow to light brown.
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FIGURE 3

UV-Vis spectrum of the carotenoid extraction with 7:3 vlv acetone:methanol.
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FIGURE 4

IR spectrum of the carotenoid extraction with 7:3 v/v acetone:methanol.
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MELANIN EXTRACTION FIGURE 5

Melanin extraction methods using 2 M NaOH yielded Melanin extraction using 2 M NaOH.
a dark brown supernatant liquid, Figure 5. UV-Vis analysis
of the liquid showed peaks and maximum at 223.31 nm and
244.88 nm, Figure 6. IR spectral analysis showed broad ab-
sorbance at 3300-3500 cm™, sharp bands at 1627 cm™, 1540
cm™, and 1051 cm™, Figure 7.

Color of the extract appears brown.

FIGURE 6
UV-Vis spectrum of melanin extraction using 2 M NaOH.
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Figure 6: UV-Vis spectrum of melanin extraction using 2 M NaOH.
Prominent spectral features peaks at 223 nm with shoulders at 245 and 327 nm.
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FIGURE 7

IR spectrum of melanin extraction using 2 M NaOH.
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DNA AND PROTEIN SEQUENCE ANALYSIS

FIGURE 8 FIGURE9

Multiple sequence alignment using T-COFFEE (13). ColabFold v1.5.5: AlphaFold2 using MMseqs2 Structure
Prediction of CAU13 PKSIII production from KW93 (14).
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NCBI reference sequence numbers represent the protein
sequence for the respective organism. AUX21439.1 chal-
cone synthase Sorangium cellulosum, WP_033543849.1

type III polyketide synthase Planococcus sp. CAU13,
WP_152152970.1 type I1I polyketide synthase Bacillus aero-
latus, WP_394120825.1 type III polyketide synthase Pla-
nococcus donghaensis, WP_088007427.1 type I1I polyketide
synthase Indiicoccus explosivorum.
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DISCUSSION

CAROTENOID

The carotenoid extraction method using 7:3 acetone:-
methanol yielded a yellow-orange supernatant (Figure 2) UV-
Vis of which (Figure 3) provided results consistent with carot-
enoids, three distinct peaks are present at 440.52, 462.57, and
484.12 nm which are common for Planococcus xanthophylls
(2; 155 16). These three major maxima suggest a chromo-
phore which is composed of nine conjugated double bonds,
the typical length of xanthophylls (17). IR spectra shown in
(Figure 4) after collection from diethyl ether is consistent
with Planococcus carotenoids with absorption at labeled values
described in previous studies (18). The broad absorbance at
~3300 cm™ suggests the presence of hydroxyl groups which
supports the xanthophyll identity of carotenoid(s) produced
by CAU13. IR spectra obtained for acetone:methanol mixture
provided inconclusive results, improved procedure for solvent
removal may provide a higher quality spectrum. As diethyl
ether is a nonpolar solvent in comparison to the acetone:-
methanol mixture, analyzed extract may include a higher ratio
of nonpolar carotenoid precursor molecules. Both spectro-
scopic techniques therefore support the previous conclusion
that carotenoids are present in CAU13 and reasonably would
be responsible for a yellow/orange pigmentation.

IR spectra provide overlapping results that match both
carotenoids and melanin within the fingerprint region, <1500
cm™, indicating a possible incomplete separation/extraction
between the components in solution. This is expected with
preliminary solvent extraction, and can be mitigated by
chromatographic techniques such as gas chromatography or
multiple combined washings of varying polarities

MELANIN

Melanin extraction methods using 2 M NaOH yielded
a dark brown supernatant shown in Figure 5. UV-Vis anal-
ysis (Figure 6) of the liquid showed peaks and maximum at
223.31 nm, and 244.88 nm, absorption values consistent
with those present in melanin (8). Known absorption spec-
tra of melanin produced by Bacillus bacteria show peaks at
approximately 220 and 260 nm preceding a gentle slope
towards larger wavelengths. The gentle slope shown in Figure
6, is a key characteristic for melanin, as absorbance present
over the entire visible region is what provides the dark brown/
black pigmentation. Due to the varying nature of its structure
and the different types, UV-Vis spectra for melanin come in
a variety of forms. The spectrum therefore allows for some
limited distinguishability between these types.

The IR spectra obtained for the melanin extract (Figure 7)
is consistent with , with absorption at labeled values described
in the literature (19). The broad absorbance at 3300-3500
cm™ corresponds to -OH stretching. Other characteristic
bands include the 1627 cm™ which is attributed to C=C,
COO, and C=0, 1540 cm™ bands which are aromatic C=C,
and 1051 cm™, which is C-O in phenols or carboxylic groups
(19). The 1540 cm™ absorbance has been stated to corre-
spond to peptide like structures (20) as well as stretches from
quinoid structures present in allomelanin (21).

PROTEOGENOMIC ANALYSIS

CAROTENOID

The genome of Planococcus sp. CAU13 was analyzed
using the BioCyc SmartTables function. Seven genes pre-
dicted to code for carotenoid biosynthesis pathway enzymes
were found, including four distinct phytoene desaturase (c7z/),
two squalene synthase family enzymes, and a carotenoid
biosynthesis enzyme. Furthermore, Moyo ez al. compared the
genetic sequences of 33 Planococcus strains known to produce
carotenoids (2). Six genes (¢c7tM, crtIN, crtINe, crtNb, gtf2, and
agpat) make up the 30-carotenoid biosynthetic gene cluster
(BCG). In this study all six genes are present in all but two
strains, with CAU13 being one of them that only showed
crtM, crtNe, and creN in its gene cluster.

MELANIN

As P maritimus is a tentative melanin producing bacteri-
um with the 1,8-DHN pathway for allomelanin production,
this specific pathway for melanin production was investigated
(6). P maritimus was determined to experimentally produce
melanin through the 1,8-DHN pathway, however the pub-
lished genome was not available at the time of this publica-
tion.

The enzyme described previously as PKSIII is the first
step in this pathway. Using BioCyc’s Whole Genome Blast
tool, a preliminary BLAST was computed against the entire
genome of CAU13 to determine if a homologous PKSIII
enzyme is present. The PKSIII sequence used in the analysis
was from Sorangium cellulosum produced from the soceCHS1
gene (7). The CAU13 locus_tag KW93_RS14965 translated
to protein_id WP_018395371.1 produced significant align-
ment with the S. cellulosum chalcone synthase PKSIII with an
E value of 0.0 and 90.17 percent identity through a BLAST
search in the NCBI database.

The software predicts the function of the protein
WP_018395371.1 as a chalcone synthase, a similar PKSIIT



Dietrich & Setterdahl | Characterization of Pigments consisting of Melanin and Carotenoids from a Planococcus Species 29

typically involved in producing the precursor to flavonoids
(22). BLAST analysis using the PKSIII sequence from
CAU13 revealed significant sequence similarty to the fol-
lowing enzymes: T4HN producing PKSIII enzymes from
four other bacterial species, AUX21439.1 chalcone synthase
Sorangium cellulosum, WP_033543849.1 type I1I polyketide
synthase Planococcus sp. CAU13, WP_152152970.1 type
III polyketide synthase Bacillus aerolatus, WP_394120825.1
type III polyketide synthase Planococcus donghaensis,
WP_088007427.1 type I1I polyketide synthase Indiicoccus
explosivorum. The protein sequences were then aligned using
T-COFFEE as shown in Figure 8. (15)

The protein sequence alignment shown in Figure 8 shows
a score of 95% similarity between the sequences, supporting
the previous alignment identification as a T4HN producing
PKSIII. The active site and 3D structure of the Streptomyces
coelicolor A3 PKSIII have previously been determined (10).
This active site is described to operate via Cys-His-Asn cata-
lytic triad. All enzymes aligned show this consensus sequence
at the positions described in the literature, C138, H270, and
N303. To confirm that the active site residues are positioned
at the correct orientation in space, AlphaFold software was

used to predict the 3D structure of CAU13 PKSIII (Figure 9).

This predicted model consists of the same general structure
as the single monomer form of S. coelicolor A3.These three
factors, the primary sequence similarity, the conserved active
site, and the predicted 3D structure indicate that KW93_
RS14965 codes for a TAHN producing PKSIII enzyme.
Therefore CAU13 likely produces T4AHN the first compound
in the biosynthetic pathway for allomelanin.

CONCLUSION

The spectra of the yellow carotenoid-based extract and
the presence of a predicted phytoene desaturase within the
potential C-30 BGC suggest that CAU13 produces xantho-
phyll type carotenoids consistent with other members of the
genus. The dark pigmentation of CAU13 is likely due to the
presence of allomelanin, a type of melanin produced in the
1,8-DHN pathway. Genetic and molecular analysis supports
that a T4HN producing PKSIII is likely present due to a
conserved active site and high protein homology to other
characterized enzymes. UV-Vis and IR characterization of the
dark extract support the determination of melanin, though
full characterization of the pigment compounds will require
analysis of a pure extract with the use of chromatographic
techniques, GS-MS, or NMR spectroscopy. Carotenoids and
melanin both provide potential fitness advantages by protect-
ing against certain environmental factors, characterization of

these compounds can help determine the specific role they
play in CAU13 and better understand the organism's place
within its ecosystem. Furthermore, biological pigments offer
a wide array of industrial, medical, and research applications

which should be explored.
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