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Fig. 2. Production of melanins in wild-type and mutant strains of 
Pseudomonas sp. UC17F4.  Bacteria were streaked on plates of TSYE 
agar, and incubated under constant illumination at 30oC for 48 hours.  
Melanin in the wild-type strain is contained exclusively in the bacterial 
cells; pyomelanin secretion is evident by the diffuse brown pigmentation 
of the agar. 
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BACKGROUND 
 
Microorganisms can be found in a variety of environments – in soil, in the guts 
of animals, on inanimate objects, or on mountaintops.  They have evolved to 
produce unique survival mechanisms in the event of environmental change.  
The survival mechanism of interest in this study is the production of melanin.  
Melanin production and color differ among organisms, but in general, it is 
considered to be “[a substance of dark color], insoluble in aqueous or organic 
fluids, resistant to concentrated acid and susceptible to bleaching by oxidizing 
agents” (Nosanchuk and Casadevall, 2003).  There are two types of melanin 
that are produced by bacteria – pyorubrin, which consists of a red-brown hue, 
and pyomelanin, which features more of a light-brown hue.  Pseudomonas 
species produce pyomelanin in order to protect the cell against damage from 
ultra-violet (UV) light (Ogunnariwo and Hamilton-Miller, 1975; Nosanchuk and 
Casadevall, 2003). 
 
In 2003, Van Kessel, Scanlon and Aaronson isolated the bacterial strain 
UC17F4 from the cutaneous microbial flora of female red-backed salamanders.  
This bacterial strain has the ability to produce potent antifungal compounds.  
Biochemical and DNA sequence analysis aided in discovering that UC17F4 is a  
species of Pseudomonas, but identification of UC17F4 had not been successful 
since sequence analysis of two signature sequences, rpoD and gyrB showed 
no more than 88% sequence identity with its closest neighbors in the GenBank 
database (Butler and Aaronson, 2006).  Subsequent analysis of additional 
genes in this strain confirm that Pseudomonas sp. UC17F4 is most likely a 
novel species, which we have tentatively named Pseudomonas uticensis. 
 
One of the distinctive characteristics of P. uticensis is the chocolate brown 
pigmentation of cells when grown in tyrosine-enriched media, which we 
hypothesize to be eumelanin.  Pyomelanin, which is secreted from bacteria, is 
not uncommon in Pseudomonads; Ogunnariwo and Hamilton-Miller (1974) 
were able to isolate three strains of Pseudomonas aeruginosa that produce the 
brown pigment.  Intracellular eumelanin, however, is rare in bacteria.  Studies in 
our lab have shown that the organism turns on melanin production when 
exposed to light; cultures incubated in the dark have reduced pigmentation 
(Kracke and Aaronson, 2011).  Melanin production is also sensitive to the 
intensity of light and the duration of exposure (Benzing et al., 2012). These 
observations suggest that melanin production in P. uticensis is photoregulated.  
We have also observed  density-dependent production of melanin in this 
organism (Seifert et al., 2013). 
 
In order to study the regulation and biochemistry of melanin production in P. 
uticensis, we used transposon-mediated mutagenesis (Larson et al., 2002) to 
isolate mutant strains of the bacterium that are altered in melanin production.  
In the present study, we report the isolation and initial characterization of three 
mutant strains of P. uticensis that over-produce the secreted pigment, 
pyomelanin.  These mutant strains all have transposon insertions in the hmgA 
gene, which encodes homogentisate-1,2-diooxygenase (HDO), resulting in the 
the accumulation and secretion of homogentisic acid which oxidizes and 
polymerizes to form the low moleculer weight pyomelanin pigment.  One of the 
interesting phenotypes of these mutants is a defect in tyrosine transport. 

Fig. 1. Schematic of transposon mutagenesis and isolation of 
pyomelanin-defective and pyomelanin-overproducing mutants of 
Pseudomonas sp. UC17F4. 
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CONCLUSION 
 

Pseudomonas uticensis is a novel melanogenic bacterial species.  Wild-type 
cells produce high molecular weight eumelanin, but may also secrete a much 
lower molecular weight form of pyomelanin.  Pyomelanin overproducing mutant 
strains have been isolated by transposon mediated mutagenesis, and are 
defective in the hmgA gene, which encodes the enzyme homogentisate-1,2-
dioxygenase.  Mutant strains have several interesting phenotypic 
characteristics, including a defect in the rate of tyrosine transport.  Other 
phenotypic characteristics are characterized in our companion poster 
(Lawrence and Aaronson, 2015) 
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Fig 5. Schematic of pyomelanin synthesis.  Pyomelanin is derived 
by enzymatic oxidation of tyrosine to homogentisic acid, which 
accumulates due to the defect in HDO (red bar). 

ABSTRACT 
 

Pseudomonas uticensis is a novel bacterium originally isolated in our laboratory 
from the cutaneous microbial flora of the red-backed salamander, Plethodon 
cinereus. P. uticensis was isolated on the basis of its ability to produce and 
secrete potent antifungal compounds, which have been shown to inhibit hyphal 
growth of Neurospora crassa, as well as growth, hyphal development and 
biofilm formation in Candida albicans. One of the novel characteristics of P. 
uticensis is the brown pigmentation of bacterial cells when grown on nitrogen-
enriched media, such as tryptic soy- yeast extract (TSYE) agar. The brown 
pigment has been determined to be pyomelanin (PM), and is only produced 
when tyrosine is abundant in the media. Furthermore, PM production in P. 
uticensis increases with exposure to visible light and under conditions of higher 
cell density. Despite the evidence that PM synthesis is regulated, the biological 
role of the pigment in this bacterial isolate remains unclear. We used 
transposon-mediated mutagenesis to isolate 3 PM-overproducing mutants of P. 
uticensis. The 3 mutant isolates are designated as MM7, MM8, and MM9. 
Semi- random two-step PCR was used to amplify regions of genomic DNA 
flanking the transposon within these 3 mutant isolates. Genetic analysis 
indicated that all 3 mutants have homology to the 5` end of the hmgA gene, 
encoding homogentisate 1,2-dioxygenase (HDO). HDO is responsible for the 
third enzymatic step in tyrosine catabolism leading to PM synthesis. Using 
SDS-PAGE analysis, secreted PM in mutants has been estimated to have a 
molecular weight averaging 45 kDa compared to intracellular PM with an 
average of 60 kDa. In preparation for pulse-chase studies with  
[14C]-tyrosine, tyrosine uptake in the mutant and wild-type strains was 
examined. The hmgA mutants have reduced rates of tyrosine uptake, exhibiting 
greater than 70% inhibition. Kinetic analysis of MM9 reveals an increase in Km 
and a decrease in Vmax compared to the wild-type. Our results indicate that a 
transport defect appears to be tyrosine- specific due to the fact that no inhibition 
was evident in N-acetylglucosamine uptake. PM-overproducing mutants have 
interesting biological properties, and will be useful for further study of regulation 
of PM synthesis in P. uticensis.  

Fig. 4.  Pyomelanin over-producing mutants have a transposon 
insertion in the hmgA gene, encoding homogentisate-1,2-
dioxygenase.  Semi-random two-step PCR was performed to amplify 
sequences flanking the transposon using nested primers (ref.).  BLAST 
analysis shows homology to the hmgA gene sequence of numerous 
Pseudomonas species, although 89% sequence identity is the best we 
obtained. 

Fig. 8. The transport defect in pyomelanin-overproducing mutants 
appears to be tyrosine-specific. Analysis of N-acetyl-[3H]-
glucosamine uptake was performed with wild-type and mutant strains of 
P. uticensis.  No significant difference in transport rates was observed 
among the strains, suggesting that the tyrosine transport deficiency is 
not due to a generalized membrane transport defect. 
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Introduced Plasmid pRL27 
containing Mini-Tn5 transposon via 
electroporation (2.5 kV, 2-5 msec) 
into Pseudomonas sp. UC17F4 
cells 

Mini-Tn5 transposon hops from pRL27 
plasmid to UC17F4 genomic DNA 

Electroporated cells grown on TSYE 
agar with kanamycin (50 µg/ml).  
Screened for mutants colonies that did 
not produce pyomelanin or 
overproduced pyomelanin after 48-72 
hrs under room light. 

9 mutant colonies isolated. 
Extracted genomic DNA from mutants. 

Ran two-Step PCR on DNA from each 
mutant using Forward and Semi-
random Reverse Primers to amplify 
DNA.  

Fig 6. Pyomelanin overproducing strains exhibit a defect in 
tyrosine transport.  Wild-type P. uticensis and two different cultures of 
the MM9 mutant were incubated with [14C]-L-tyrosine in minimal medium 
for 5 min.  Cells were harvested and washed by filtration of 0.45 µm 
nitrocellulose filters, and then analyzed for tyrosine uptake by liquid 
scintillation analysis.  Mutant strains repeatedly exhibit a 70% reduction 
in the rate of tyrosine transport compared to mutant strains. 
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Fig. 7. Kinetic analysis of tyrosine transport revelas alterations in 
both KM and Vmax .  Cultures of MM9 and P. uticensis were incubated 
for 5 min. with varying concentrations of [14C]-tyrosine.  Cells were 
harvested, washed and analyzed as described above.  MM9 exhibits a 
decrease in both KM and Vmax as compared to the wild-type strain, and 
appears to be a case of uncompetitive inhibition. 

Fig 3. P. uticensis produces two different forms of melanin.  
Bacterial biofilms were scraped from TSYE plates into TE buffer.  Cells 
were washed and resuspended in a small volume of 15% glycerol, and 
different volumes of the packed cells were loaded into wells of a 4-15% 
SDS-PAGE gel. Lanes 2-9 were loaded with 2, 4, 6, 8, 10, 12, 14 and 16 
µl of cell suspension, respectively.  Lane 10 was loaded with 20 µl of 
supernatant from MM mutants.  Cell associated melanin was high 
molecular weight, consistent with eumelanin, while secreted pyomelanin 
had a molecular mass of 4-6 kDa. 

View this poster at 
 www.aaronsonmicrobiology.com 
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