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Abstract 

Pedobacter is a genus in the Bacteroidota that usually produce pink or yellow pigments, 

typically assumed to be carotenoids. Carotenoids are the most diverse and ubiquitous pigments 

found in nature, synthesized by plants, fungi, algae, and bacteria. They are a class of terpenoids 

with a linear, isoprene backbone, and their structure consists of an extended conjugated system.  

In this work, five Pedobacter strains were recovered from the Lycoming College Culture 

Collection (LCCC). Phylogenetic analysis using the Genome Taxonomy Database (GTDB) and 

the RNA polymerase β-subunit (rpoB) tree revealed that the yellow Pedobacter strains and the 

pink Pedobacter strains each shared a common ancestor and formed separate clades on long 

branches. A computational genomic study, the Average Amino Acid Identity (AAI), suggested 

that organisms of different colors should be in distinct genera. After mining the genome for 

carotenoid biosynthetic genes using the Rapid Annotation using Subsystem Technology (RAST) 

website, all of the pink species encode β-carotene ketolase, which the yellow species lack. The 

presence of the β-carotene ketolase enzyme should allow the pink species to produce 

canthaxanthin and astaxanthin, pink carotenoids, while in absence of this enzyme the yellow 

species should produce β-carotene and zeaxanthin, yellow and orange carotenoids. The pigments 

were extracted with methanol and separated by HPLC to obtain UV-Vis spectroscopic 

characteristics with a diode array detector (DAD) and mass data from quadrupole-time of flight 

(Q-TOF) mass spectrometer. Compounds with a three-peaked spectrum, typical of carotenoids, 

plus a maximum absorbance around 480 nm was commonly found in the pink strains, and 450 

nm was the peak wavelength found in the yellow strains. The yellow species presented a pigment 

profile composed of zeaxanthin and lutein from mass spectrum data. In conclusion, the pink 
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strains should be reclassified into the new proposed genus, Roseopedobacter, due to their 

synthesis of pink carotenoids.  

 

Introduction  

Pigments are used as colorants and antioxidants in the cosmetics, pharmaceuticals, food, 

and textile industries. Since prehistoric times, humans have extracted natural pigments from 

plants, animals, and insects. Synthetic dyes have been created as an alternative to natural 

colorants to protect the organisms from which natural pigments are extracted. However, these 

dyes can be carcinogenic, lack bio-degradability, and build up in habitats of living organisms.1 

Yet, they are still used in large amounts due to their low cost, stability, and bright pigmentation.2 

In the search for safer alternatives, interest in pigment extraction from bacteria has increased 

because they are widely accessible in soil, water, and air as well as easy to isolate and cultivate.3 

Additionally, the pigments in bacteria are biodegradable and non-toxic, unlike synthetic dyes.2,4   

 Carotenoids are the most diverse and ubiquitous pigments found in nature, synthesized by 

plants, fungi, algae, and bacteria.6 They are a class of terpenoids with a linear, isoprene 

backbone, producing yellow, orange, and red pigments.6 Additionally, their structure consists of 

an extended conjugated system. C40 chains are the most common carotenoids, and these include 

carotenes such as β-carotene, zeaxanthin, astaxanthin, and canthaxanthin.7 C30 and C50 carbon 

chains are less common and typically found in photosynthetic bacteria and archaea.7  

 In animals, carotenoids prove to be biologically and physiologically beneficial. Animals 

cannot synthesize carotenoids de novo, therefore they must obtain them from their diet.7 This diet 

can include fruits and vegetables, which are traditional sources of carotenoids.7 Moreover, 

carotenoids are involved in the treatment and prevention of diseases such as macular 
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degeneration and some kinds of cancer.7 β-Carotene and lycopene protect against prostate 

cancer, while lutein and zeaxanthin treat macular degeneration by protecting the eye from blue 

light.7,8  

 Some bacterial species have the potential to produce carotenoids. These carotenoids are 

considered natural secondary metabolites necessary for survival within heterotrophic bacterial 

cells .6,7 This pigment absorbs excessive light to protect bacteria from UV radiation, and act as 

singlet molecular oxygen and peroxyl radicals for photo-oxidative damage protection.7 Also, this 

pigment functions in membrane fluidity to regulate the transport of nutrients and allow for 

growth at low temperatures.6  

A cluster of six crt genes, crtW, crtY, crtI, crtB, crtE, and crtZ code for enzymes that 

catalyze carotenoid biosynthesis in Brevunidomas sp. SD212 such that crtW codes for β-carotene 

ketolase, crtY codes for lycopene cyclase, crtI codes for phyotene desaturase, crtB codes for 

phytoene synthase, crtE codes for geranyl geranyl pyrophosphate (GGPP) synthase, and crtZ 

codes for β-carotene hydroxylase.8,16 Spectroscopic analysis, high performance liquid 

chromatography (HPLC) and mass spectrometry (MS), of extracted carotenoid pigments helped 

to identify carotenoid structures. The carotenoid structures and biosynthetic enzymes were 

assembled into a biosynthetic pathway (Figure 1). The initial step of carotenoid synthesis 

includes the derivation of two isoprenoid precursors, isopentenyl diphosphate (IPP) and 

dimethylallyl diphosphate (DMAPP), from the Methylerythritol Phosphate Pathway (MEP) or 

Non-mevalonate pathway.9 Three IPP (5C) molecules and one DMAPP (5C) molecule are 

condensed to produce Geranylgeranyl Pyrophosphate (GGPP) by the enzyme GGPP synthase. 

Two GGPP (20C) molecules are converted to phytoene, C40 chain, by phytoene synthase.10 
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Other C40 carotenoids are derived from phytoene. Two enzymes, β-carotene hydroxylase and β-

carotene ketolase, catalyze the reactions to convert phytoene into other carotenoids.10  

Figure 1. Proposed carotenoid biosynthetic pathway of C40 carotenoids derived from phytoene. 

The enzymes are highlighted in blue, and the arrows represent a catalyzed reaction.8 

 

 HPLC with ultraviolet-visible (UV-vis) detection and mass spectrometry (LC-MS) 

detection is commonly used to analyze carotenoids. Researchers prefer reversed-phase HPLC 

(RP-HPLC) containing a C18 column and a binary elution gradient.15 Atmospheric pressure 

chemical ionization (APCI) is often chosen as the ionization source for carotenoids because of 

their low polarity and small molecular weight.15 APCI with positive ionization produces ions via 

protonation of molecules. First, the HPLC performs a chromatographic of the compounds based 

on polarity. UV-vis spectra are acquired of compounds that elute. Then, compounds are passed 
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into the MS, ionized, and separated based on molecular weight. Elucidation of the chemical 

structure is completed by comparison of the data with standards and literature values.7 

A recent study performed HPLC analysis of carotenoid standards, which included β-

carotene, zeaxanthin, canthaxanthin, and astaxanthin, resulting in UV-vis spectra (Figure 2).17 β-

Carotene and zeaxanthin’s UV-vis spectra are nearly identical. Similarly, the UV-vis spectra of 

canthaxanthin and astaxanthin are also quite similar. β-Carotene and zeaxanthin exhibit 

compounds with three maximum peaks around 420 nm, 450 nm, and 480 nm (Figure 2). 

Canthaxanthin and astaxanthin present one maximum peak at 480 nm (Figure 2). Following 

HPLC analysis, researchers published APCI (+) mass spectra for β-carotene, zeaxanthin, 

canthaxanthin, and astaxanthin extracted from varying sources. The m/z for each of the 

carotenoids shown below is: β-carotene 536.4 g/mol, zeaxanthin 564.4 g/mol, canthaxanthin 

565.4 g/mol, and astaxanthin 596.4 g/mol (Figure 3).18,19,20  

 
Figure 2. UV-vis spectra of carotenoid standards, β-carotene, zeaxanthin, canthaxanthin, and 
astaxanthin, analyzed by HPLC.17 
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Figure 3. MS- APCI (+) spectra of (1) canthaxanthin, (2) astaxanthin, (3) β-carotene, and (4) 

zeaxanthin.18,19,20 Canthaxanthin was extracted from Dietzia natronolimnaea HS-1 and 

1) 

2) 

3) 

4) 
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astaxanthin was a standard.18,19 Extraction of β-carotene and zeaxanthin originated from 

Pandalus borealis. 20 

 

In the present study, pigmented strains were recovered and identified by 16S rRNA gene 

sequencing. Examination of the genomes sequenced by prior students allowed for a more 

accurate classification of the organisms. Reported here are the genes responsible for carotenoid 

biosynthesis and the carotenoid profile in Pedobacter strains, and the proposal of a new genus 

called Roseopedobacter. The study of pigments in Pedobacter are limited, therefore carotenoid 

characterization in this genus was based on the UV-vis and mass spectrum. In contrast with other 

published work, pigments were analyzed from many organisms, not just one, from a taxonomic 

and evolutionary perspective. Taxonomic analysis of Pedobacter species was conducted through 

phylogenetic trees, Genome Taxonomy Database (GTDB) tree and RNA polymerase β-subunit 

(rpoB) tree, and genomic calculations of AAI and ANI. The function of genes involved in 

carotenoid formation was analyzed through genome annotation in Rapid Annotation using 

Subsystem Technology (RAST) and National Center for Biotechnology Information (NCBI). 

Identification and characterization of carotenoids in Pedobacter extracts was carried out by 

HPLC-MS.  

 

Materials and Methods 

Bacterial recovery and growth  

Bacterial strains were obtained from the German Collection of Microorganism and Cell Cultures 

or isolated from a nearby creek in Pennsylvania by Dr. Jeff Newman (Table 1). The bacteria 



 10 

were recovered from the -80°C Lycoming College Culture Collection and plated on Reasoner’s 

2A agar (R2A) (Table 1). Plates were generally incubated at 22°C for 2 days.  

Genus Species Strain LCCC 

# 

Source Year Color Genome 

Accession 

Pedobacter alluvionis DSM 

19624T 

1354 DSMZ 2013 pink RCCK01 

Pedobacter heparinus DSM 

2366T 

1440 DSMZ 2014 yellow NC_013061 

 

Pedobacter sp. MC2016-

24 

1733 Mill Creek, 

PA 

2016 yellow JADFBX01 

Pedobacter sp. 

 

MR2016-

19 

1724 Miller’s 

Run, PA 

2016 pink JADCNK01 

Pedobacter sp. R20-19 1073 Larry’s 

Creek, PA 

2013 pink JCKI01 

 

Table 1. The LCCC #, origin, color, source, and year of the strains recovered from the Lycoming 

College Culture Collection. LCCC # refers to the number that the organism is assigned in the 

Lycoming College Culture Collection. DSMZ is the German Collection of Microorganism and 

Cell Cultures GmbH (https://www.dsmz.de).  

 

Amplification of the 16S rRNA gene and sequencing 

A single colony was inoculated into 100 µL of deionized water in a 0.5 mL centrifuge tube. The 

cells were subjected to two freeze (-70°C) and thaw (80°C) cycles for two minutes each. Reaction 
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mixtures for PCR contained 12.5 µL of PCR Master Mix (Thermo Fisher), 12.5 µL of 2x 16S 

rRNA primer mix (27f and 1492r at 1.5 µM each), and 1 µL of genomic DNA in 0.2 mL 

microcentrifuge tubes. Amplification of the 16S rRNA gene fragments were done in a BIO-RAD 

T100TM Thermal Cycler. The three cycles occurred as followed: denaturation for 3.5 min at 

95°C, then 34 cycles of 30s at 95°C, 30s at 50°C, 60s at 72°C, and a final extension step of 5 min 

at 72°C. The PCR products were analyzed by gel electrophoresis in 1% agarose gel at 100 volts 

for 20 minutes. Agarose gel consisted of 40 mL of deionized water, 0.4g of molecular grade 

agarose, 800 µL of 50X TAE buffer, and 10 µL of ethidium bromide (2 mg/mL). Then, the PCR 

products were cleaned by the addition of 2 µL of Exosap (Thermo Fisher), 3 µL of deionized 

water, and 20 µL of PCR product into a 0.5 mL microcentrifuge tube and incubated at 37 °C for 

30 minutes, followed by 15 min at 85°C to inactivate the enzyme. The PCR products were sent to 

Genewiz for Sanger Sequencing. The RNA sequences were evaluated by the Nucleotide Basic 

Local Alignment Tool (BLASTn) and compared to the bacterial and archaeal 16S rRNA gene 

sequences of the National Centre for Biotechnology Information database (NCBI) 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi).12 This procedure ensured that the organism recovered 

matched the expected strain.  

 

Pigment extraction  

Strains were streaked on two R2A plates. One plate was grown in the presence of light and the 

other plate in a dark incubator at 22 °C to determine if synthesis of the pigment is induced by 

exposure to light. After 24 hours of growth, approximately 15-70 mg of bacteria was extracted 

with LC-MS grade methanol in a 1.5 mL microcentrifuge tube. The extracted pigment was 
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placed in an orbital shaker at 25°C and 200 rpm for an hour. The supernatant was decanted into a 

2 mL glass vial and stored in a freezer at -18 °C.  

 

Carotenoid identification 

The carotenoids from the bacterial extracts were identified by chromatographic and 

spectroscopic attributes analyzed by HPLC-MS and the data was compared to literature values. 

Analysis was performed with Agilent Technologies 1200 series HPLC Zorbax Eclipse Plus C18 

(2.1x50 mm) 1.8-Micron column fitted with a guard column of the same material coupled to an 

Agilent 6545 Q-TOF mass spectrometer. The APCI was applied in the positive ionization mode 

due to the biochemical composition of carotenoids. Absorbance detection was with a diode array 

detector (DAD) at 450 nm and 480 nm, and the spectra were recorded in the λ 250-750 nm 

range. The HPLC method used was previously stated.22 Reversed phase carotenoid separation 

was carried out at 10 °C with a sample volume of 0.5 µL. Separation occurred at a flow rate of 

0.4 ml/min and elution with 0.1% acetic acid in methanol (solvent A) and Methyl tert-Butyl 

Ether (MTBE) (Solvent B). The short gradient selected was 100% solvent B at 0 min, 50% 

solvent B at 10 min, 50% solvent B at 12 min, and 0% solvent B at 15 min. 

 

Results and Discussion 

1. Recovery and Growth of Strains 

Three novel strains, Pedobacter sp. MC2016-24, Pedobacter sp. MR2016-19, and Pedobacter 

sp. R20-19, and two related type strains, Pedobacter alluvionis and Pedobacter heparinus, were 

recovered and examined from a taxonomic and evolutionary perspective. One of the organisms, 

Pedobacter alluvionis, was not recovered from the LCCC during early experiments, therefore the 
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pigmentation of that strain is not described here. The four strains appeared pink or yellow, 

suggesting they are carotenoid producers (Figure 4).  

 

Each of the four of the organisms were grown on two separate petri plates, with one plate grown 

in the presence of light and the other plate grown in a dark incubator (Figure 4). Traditionally the 

plates are grown in the dark, however comparing the growth in the dark versus the light helped to 

visually assess if carotenoid synthesis was induced by exposure to light. In each strain, more 

pigment was produced in the light, therefore carotenoid synthesis may be induced by light 

exposure (Figure 4).  

 

 

Figure 4. Yellow and pink Pedobacter strains analyzed in this study, grown in a dark incubator 

versus in the presence of light: (A) P. heparinus (dark), (B) P. heparinus (dark), (C) P. sp. 

MC2016-24 (dark), (D) P. sp. MC2016-24 (light), (E) P. sp. MR2016-19 (dark), (F) P. sp. 

MR2016-19 (light), (G) P. sp. R20-19 (dark), and (H) P. sp. R20-19 (light). Bacterial growth 

plates A, C, E, and G were incubated in the dark. Plates B, D, F, and H were grown in the light. 

 

Later all Pedobacter organisms in the LCCC were recovered, which showed the varying pink 

and yellow pigments produced. P. alluvionis was recovered and grown displaying its bright pink 

pigment (Figure 5).  
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Figure 5. All Pedobacter organisms in the LCCC recovered on Tryptic Soy Blood Agar (TSBA) 

for two days of growth. The five organisms in this study are labeled: (A) P. sp. R20-19, (B) P. 

sp. MR2016-19, (C) P. alluvionis, (D) P. heparinus, and (E) P. sp. MC2016-24. 

 

2. Phylogenomic Studies  

Taxonomic analysis of a Genome Taxonomy Database Tree (GTDB) was constructed in Mega 7 

to solely display the Pedobacter genus.14,26,27,28 This tree illustrates the evolutionary relationships 

between organisms based on the alignment of 120 concatenated protein sequences. P. sp. R20-19 

clustered most closely with P. alluvionis and other pink Pedobacter strains (Figure 6). Also, the 

pink strains shared a single common ancestor indicating that they are closely related. The non-

pink Pedobacter species cluster into several groups, one of which includes a bacterium classified 

into the genus Nubsella. The GTDB tree is the best method for determining phylogenetic 

relationships between organisms because it is assembled from a large dataset, however only 

organisms that are deposited into GenBank are listed in the tree and a new tree is only released 

yearly. P. sp. MC2016-24 and P. sp. MR2016-19 had not been deposited into GenBank at the 

A 

B 

C 

D 

E 
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time the GTDB tree was constructed, therefore these organisms are not listed in the tree (Figure 

6). 
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Figure 6. Genome Taxonomy Database (GTDB) neighbor-joining phylogenetic tree displays the 

Pedobacter branch.14,26,27,28 The organisms analyzed within this study are highlighted in yellow.  
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Similarly to the GTDB tree, the RNA-polymerase β-subunit (rpoB) tree allows for phylogenetic 

studies of the Pedobacter genus. The rpoB tree determines evolutionary relationships between 

organisms based on the RNA polymerase β-subunit, generated in MEGA 7. 14,26,27,28 These data 

suggest that P. heparinus and P. sp. MC2016-24 clustered most closely with other yellow 

Pedobacter strains and shared a common ancestor, appearing to be monophyletic (Figure 7). 

While P. alluvionis, P. sp. MR2016-19, and P. sp. R20-19 clustered most closely with the other 

pink Pedobacter strains and shared a common ancestor; indicating that the pink strains are 

monophyletic as well (Figure 7). Conducting phylogenetic analysis through a rpoB tree is an 

easy process, can be used as a substitute for the GTDB tree, and has good resolution. 
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Figure 7. Neighbor-joining phylogenetic tree constructed from the RNA polymerase β-subunit. 

The organisms analyzed within this study are highlighted in bold. 14,26,27,28 
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3. Genome Relatedness and Comparisons 

Genomic studies were performed through the calculation of Average Nucleotide Identity (ANI) 

and Average Amino Acid Identity (AAI). ANI is the average percent similarity of the genes 

shared between organisms. Calculations were completed by downloading the FASTA genome 

sequences and then uploading the sequences to the OrthoANI tool.23 An ANI value below 95 

means that the organisms being compared are different species, and a value above 95 means that 

the organisms are the same species. P. sp. MC2016-24 is a separate species from P. heparinus 

because they share an ANI percent of 74.62% (Figure 8). P. sp. MR2016-19 is a separate species 

from P. alluvionis because they share an ANI percent of 93.93% (Figure 8). 
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Figure 8. Calculated Average Nucleotide Identity (ANI) shared between the five Pedobacter 

strains. The pink Pedobacter strains are highlighted in pink, while the yellow Pedobacter strains 

are highlighted in yellow. 

 

Average Amino Acid Identity (AAI) is a complementary technique to ANI that examines genus 

membership. AAI is the percentage of amino acids shared between orthologous proteins (those 
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that perform the same function) in different organisms. The AAI values were generated by a 

custom AAI calculator available at http://lycofs01.lycoming.edu/~newman /ROSA.html. An AAI 

value below 70 suggests that the organisms being compared are in a different genus, while a 

value above 75 suggests the same genus.24 The pink strains have AAI values above 75, therefore 

they should be characterized in the same genus, Roseopedobacter (Table 2). The yellow strains 

have AAI percentages between 70-75%, therefore referring to other criteria such as the GTDB 

tree and rpoB tree will solidify the genus determination (Table 2). The GTDB and rpoB trees 

displayed that the yellow strains, P. heparinus and P. sp. MC2016-24 were monophyletic, so the 

yellow strains should be characterized in the same genus, Pedobacter. The pink and yellow 

strains should belong to distinct genera with shared AAI percentages around the mid to high 60s.  

 

 

Table 2. Calculated Average Amino Acid Identity (AAI) shared between the five Pedobacter 

strains. The pink Pedobacter strains are highlighted in pink, while the yellow Pedobacter strains 

are highlighted in yellow. The top left box in bold shows the AAI values shared between the pink 

strains, and the bottom right box in bold shows the AAI values shared between the yellow 

strains.  
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Additional evidence for genomic similarity shared between the pink strains versus the yellow 

strains was apparent in the number of shared genes. The Venn Diagram, generated from a 

custom computational tool, displays unique genes within an organism and shared genes between 

organisms to help determine biochemical and molecular differences.25 The total number of genes 

shared between the five Pedobacter organisms was 2067 (Figure 9). The closely related yellow 

strains shared 568 genes, while the pink strains shared 543 genes (Figure 9). However, the 

number of genes shared lowers significantly when comparing pink and yellow strains. For 

example, two yellow species, P. heparinus and P. sp. MC2016-24, and two pink species, P. sp. 

MR2016-19 and P. sp. R20-19 share only 29 unique genes (Figure 9). Another example includes 

the comparison of three pink species, P. sp. MR2016-19, P. sp. R20-19, and P. alluvionis, to one 

yellow species, P. heparinus, with 149 shared genes (Figure 9).  
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Figure 9. Venn Diagram comparing unique genes shared amongst these microbes. Each colored 

oval is indicative of the unique genes in the Pedobacter strain, and the overlap of the ovals 

indicates the shared genes between the organisms. The circled numbers represent the shared 

genes between Pedobacter species of the same color. The boxed numbers represent shared genes 

between pink and yellow strains. 

 

 

4. Enzymatic and Biosynthetic Mechanism of Carotenoids 

To further support the division of the Pedobacter genus, enzymes involved in carotenoid 

biosynthesis were discovered through genome mining in RAST. All the organisms evaluated 

contained phytoene synthase, phytoene dehydrogenase/ phytoene desaturase, lycopene cyclase, 

and β-carotene hydroxylase (Table 3). The pink strains also contained β-carotene ketolase, while 
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the yellow strains did not (Table 3). The difference in this one enzyme may allow the pink strains 

to produce pink pigments. Phytoene dehydrogenase and phytoene desaturase catalyze the same 

basic reaction, however RAST differentiates the two enzymes within their system suggesting that 

there may be some subtle differences. The yellow strains contained phytoene dehydrogenase, 

while the pink strains contained phytoene desaturase (Table 3).  

Organism Color Phytoene 
synthase 
(crtB) 
  

Phytoene 
dehydrogenase/ 
desaturase* 
(crtI) 

Lycopene 
cyclase 
(crtY) 

β-carotene 
hydroxylase 
(crtZ) 

β-
carotene 
ketolase 
(crtW) 

Pedobacter 
heparinus 

Yellow + + + + - 

Pedobacter 
sp. 
MC2016-
24 

Yellow + + + + - 

Pedobacter 
alluvionis 

Pink + +* + + + 

Pedobacter 
sp. 
MR2016-
19 

Pink + +* + + + 

Pedobacter 
sp. R20-19 

Pink + +* + + + 

 

Table 3. Five crt genes coding for enzymes that catalyze carotenoid synthesis in five Pedobacter 

species. The (+) signifies the presence of a gene and the (-) denotes the absence of a gene. The 

“*” represents phytoene desaturase. 

 

 

After determining the enzymes present in each strain, predictions were made as to which 

carotenoids will be produced by the pink strains versus the yellow strains. Pink Pedobacter 

strains should produce canthaxanthin and astaxanthin, pink and red carotenoids, because those 
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organisms contain β-carotene ketolase (Figure 10). Yellow Pedobacter strains should produce β-

carotene and zeaxanthin, orange and yellow pigments, due to the lack of β-carotene ketolase 

(Figure 10).  
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Figure 10.  Carotenoid biosynthetic pathway proposed by Rebelo et al.8 The highlighted boxes 

represent pigmentation of the carotenoids. GGPP refers to Geranylgeranyl pyrophosphate. 
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5. Characterization of carotenoids 

To identify and characterize the carotenoid profile, chromatographs, UV-vis spectra, and mass 

spectroscopy properties were analyzed (Table 4). Individual carotenoid pigments were separated 

by HPLC before identification by MS occurred.  

 

Pedobacter 

strain 

Color Peak Elution time 

(min) 

Peak 

wavelength 

(λmax nm) 

heparinus Yellow 1, 2, 3 0.7, 1.25, 1.7 426, 450, 478 

sp. R20-19 Pink 1, 2, 3, 4, 5 0.72, 0.88, 

0.98, 1.42, 

1.91 

450, 480, 502 

alluvionis Pink   454, 478, 506 

sp. MR2016-

19 

Pink 1, 2, 3, 4, 5 0.72, 0.88, 

0.92, 1.3, 

1.74 

450, 480, 502 

sp. MC2016-

24 

Yellow 1, 2, 3 0.7, 1.25, 1.7 426, 450, 478 

 

Table 4. Identification of carotenoids in the bacterial extracts through performance of HPLC-

MS. Analysis based on chromatographs, UV-vis spectra, and mass spectroscopy data shown in 

Figure 14, 15, 17, 18. “” represents no data acquired for the organism. 
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The 3D plots and UV-Vis spectra obtained from the recovered strains, presented three peaks 

between 400-500 nm which is characteristic of carotenoids.  The 3D plots were examined from 

HPLC analyses by former students but did not include all the organisms in this study. Within the 

3D plots, the x-axis represents elution time, y-axis represents wavelength, and z-axis represents 

absorbance. The injection volume, growth media, number of peaks, peak wavelength, and elution 

time at the peak wavelength are listed above the plots for each organism. P. heparinus displayed 

a maximum absorbance at 450 nm with an elution time of 32.38 min (Figure 11). P. heparinus 

absorbs light in the indigo and blue region rendering a yellow substance. A peak wavelength at 

480 nm with an elution time of 33.84 min was found in P. sp. R20-19 (Figure 12). P. alluvionis 

displayed a maximum absorbance at 478 nm eluting at 33.47 min (Figure 13). Differently from 

the yellow strain, the pink strains, P. sp R20-19 and P. alluvionis, absorbs light in the blue and 

green region reflecting red/orange pigment. 
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Figure 11. 3D plot of P. heparinus extracts in three different angles.  
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Figure 12. 3D plot of P. sp. R20-19 extracts in three different angles. 
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Figure 13. 3D plot of P. alluvionis extracts in three different angles. 
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Data acquisition by HPLC-MS generated chromatograms, UV-vis spectra, and mass spectrum 

data. For the chromatogram, acquisition time was trimmed to 0-3 min because the compounds 

eluted from the column within that time frame (Figure 14). The yellow species had three peaks 

eluting at approximately 0.7 min, 1.25 min, and 1.7 min with almost identically shaped 

chromatograms (Figure 14A and Table 4). The pink species displayed 5 peaks eluting at 0.72 

min and 0.88 min (Figure 14B and Table 4). The compounds in P. sp. MR2016-19 began to 

elude faster than in P. sp. R20-19, therefore their elution times at peaks 3, 4, and 5 differ. For P. 

sp. R20-19, the elution time for peaks 3, 4, and 5 are: 0.98 min, 1.42 min, and 1.91 min (Figure 

14B and Table 4). The elution time for peaks 3, 4, and 5 for P. sp. MR2016-19 are: 0.92 min, 1.3 

min, 1.74 min (Figure 14B and Table 4). With differences in elution time between the two pink 

species, the chromatograms are still identical in shape. Distinctions in the chromatograms portray 

more pigments eluted from the pink species compared to the yellow species.  
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Figure 14. HPLC-DAD chromatogram at (A) 450 nm for yellow Pedobacter extracts and (B) at 

480 nm for pink Pedobacter extracts. Peak numbers in the elution profile correspond to those in 

Table 4. 
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The absorbances obtained from the UV-vis spectra are similar to the absorbances in the 3D plots 

(Figure 11-13, 15). Maximum absorbances at 426 nm, 450 nm, and 478 nm was seen in the 

yellow strains (Figure 15A). The absorption spectra for the yellow strains resemble the 

absorption spectra and peak absorbances of β-carotene and zeaxanthin, therefore we hypothesize 

the mass spectrum will contain these two pigments (Figure 2 and 15A). For the pink strains, 

maximum wavelengths of 450 nm, 480 nm, and 502 nm was displayed (Figure 15B). The 

absorption spectra for the pink strains does not resemble astaxanthin, canthaxanthin, or any other 

carotenoid pigment, therefore the m/z in the MS should solidify the type of carotenoids. Both 

colors have the characteristic of carotenoids with three peaks present in the UV-Vis spectra, 

however the differences in the peak wavelengths and shape of the UV-Vis spectra show the 

distinct types of carotenoids possibly produced by the pink and yellow species (Figure 16). 

 

 

 

 

 

 

 

 

 

 



 35 

 

 

Figure 15. Absorption spectra of extracts from (A) the yellow Pedobacter at 450 nm and (B) the 

pink Pedobacter at 480 nm. Peak wavelengths correspond to those in Table 4. The range for the 

elution time at the peak wavelength is recorded in the key below the graph. 
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Figure 16. Absorption spectra of pink and yellow Pedobacter. The absorbance maxima are at 

450 nm for the yellow organisms, and 480 nm for the pink organisms. The elution time and name 

of the organism is listed in the legend. 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

300 350 400 450 500 550 600

Ab
so

rb
an

ce
 (m

AU
)

Wavelength (nm)

1.184-1.337 min P. heparinus

1.183-1.509 min P. sp. MR2016-19

1.111-1.531 min P. sp. MC2016-24

1.156-1.576 min P. sp. R20-19



 37 

The yellow Pedobacter strains presented a molecular ion [(C40H56O2)+H]+ at m/z 569.3452 

corresponding to the molecular weight of zeaxanthin or lutein, 568.88 g/mol.21 The molecular 

formula of zeaxanthin and lutein is C40H5602. The difference in the two structures is the 

placement of the double bond in one ring, which examining the fragmentation pattern could 

decipher the exact carotenoid present. The characteristic APCI (+) MS pattern was 569.4 

[M+H]+, 551.4 [M+H-18]+, and 477.4 [M+H-92]+ aligning with the APCI (+) MS pattern of 

zeaxanthin.7 The pink Pedobacter strains presented a molecular ion [(M+H) +H]+ at m/z 

592.4960 predicting this peak to be C40H48O4 (Figure 18). This appears to be a precursor of 

astaxanthin, but instead with one double bond present in each of the two rings.  
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Figure 17. LC-MS spectra of (A) P. heparinus and (B) P. sp. MC2016-24 in positive APCI 

mode. The largest peak represents zeaxanthin.  
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Figure 18. LC-MS spectra of the pink strains in positive APCI mode.  

 

Conclusion  

P. alluvionis, P. sp. MR2016-19, P. sp. R20-19, and the other pink Pedobacter strains should be 

reclassified into the new genus Roseopedobacter due to their genomic differences. This is 

supported by the GTDB and rpoB trees which both have similar branching patterns that show the 

divergence of the yellow strains from non-pink and non-orange strains. Also, both trees show 

that the pink strains share a common ancestor and cluster together as do the yellow strains. The 

AAI values shared between the pink strains were above 75, indicating that they should be 

classified into the same genus, Roseopedobacter. Moreover, the AAI values suggested that the 

pink and yellow strains belong to separate genera. The pink strains shared many genes 

collectively, as do the yellow strains as illustrated in the Venn Diagram. An obvious difference 

that will distinguish the new genus is pigmentation and carotenoid biosynthesis genes when 
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compared to the yellow pigmented Pedobacter strains. Thus, the β-carotene ketolase present 

within the pink strains should catalyze the reaction to generate pink-pigmented carotenoids, 

canthaxanthin and astaxanthin. As opposed to the yellow strains, which do not contain β-

carotene ketolase, producing orange and yellow pigmented carotenoids, β-carotene and 

zeaxanthin. The UV-vis spectra revealed that the pink strains presented a peak wavelength at 480 

nm rendering a pink color from absorbing light in the blue-green region. Contrastingly, the 

yellow strains absorb light in the violet-blue region and possess a peak wavelength at 450nm. 

Zeaxanthin was the yellow pigmented carotenoid present in the yellow Pedobacter species. The 

molecular ion seen in the MS of the pink strains appeared to be a precursor of astaxanthin with a 

molecular formula of C40H48O4. Overall, this study discovered chemosystematic markers of 

carotenoids in Pedobacter because the study of these pigments is limited within this genus. Also, 

these pigments revealed its potential as a natural colorant, in hopes of substituting for synthetic 

dyes. Pedobacter species have the potential to produce carotenoids that can benefit industries as 

opposed to their utilization of harmful synthetic dyes.  
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