Clara Romero Santiveri

Electrochemical Detection of Pseudomonas aeruginosain

Polymicrobial Environments

MASTER’S DEGREE FINAL PROJECT

Supervised by Dr. Edgar D. Goluch

MASTER’S DEGREE IN NANOSCIENCE, MATERIALS AND PROCESSES

UNIVERSITAT ROVIRA i VIRGILI

Boston
2016



Electrochemical Detection of Pseudomonas aeruginosa in Polymicrobial Environments Clara Romero Santiveri

Electrochemical Detection of Pseudomonas aeruginosa in Polymicrobial Environments
Clara Romero Santiveri
Master’s Program in Nanoscience, Materials and Processes, 2015-2016
Supervisor: Edgar D. Goluch

Department of Chemical Engineering, Northeastern University,
360 Huntington Ave, Boston, MA 02115, United States of America

Abstract. A major cause of death among hospitalized patients results from infections
acquired in the hospital setting, with Pseudomonas aeruginosa being one of the most
prevalent hospital-acquired bacterial pathogens. This bacterium produces a unique, redox-
active molecule known as pyocyanin. Because pyocyanin can be detected using
electrochemistry, it serves as a useful biomarker for identification and detection of this
opportunistic pathogen. While previous research has electrochemically detected P.
aeruginosa’s production of pyocyanin in complex media environments, this study addresses
the need to understand how P. aeruginosa behaves when co-cultured with other bacterial
pathogens by electrochemically monitoring P. aeruginosa’s production of pyocyanin in
polymicrobial samples. Liquid cultures of the most common clinically-relevant bacteria
(Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus, Staphylococcus
epidermidis, and Enterococcus faecalis) were grown overnight at 37 °C in lysogeny broth or
trypticase soy broth growth media. From these stock cultures, different polymicrobial
combinations were tested. Production of pyocyanin was monitored every hour for the first 24
hours and then every 6 hours afterwards for a total of 3 days. The results from this study
demonstrate that P. aeruginosa produces pyocyanin at similar rates, regardless if other
bacterial pathogens are present, aiding in development of this sensing platform for clinical
point-of-care diagnostics.

Introduction higher risk for disease and death. Microbial

An infection is an invasion of microorganisms  infections  contribute  to  more  deaths
not naturally found in the human body. worldwide than any other single cause.
Bacteria, viruses, and parasites are among According to experts, it is estimated that the
the various infectious agents that can cause ~annual cost of medical care for treating
disease in humans. While the vast majority of ~ Infectious diseases in the United States
microorganisms do not successfully infect alone is approximately $120 billion [1].

healthy individuals, humans with  Infections acquired in healthcare facilities

immunocompromised systems are at a during medical treatment, also referred to as
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nosocomial infections, impact 1 in 25 hospital
patients [2]. The most common infection sites
wounds (28.1%

pneumonia

of all
(21.8%),
gastrointestinal infections (17.1%), urinary
(12.9%),

bloodstream infections (9.9%) [2]. Wounds

include surgical
infections),
infections

tract and primary

are often colonized by multiple
microorganisms and when not treated in a
timely manner, patients can experience
increased trauma, leading to poorer patient
outcomes, and as a direct result, higher

treatment costs [3].

Pseudomonas aeruginosa, staphylococcus

aureus, coagulase-negative staphylococci,

spp.,
primary

Escherichia coli, Enterobacter and

Enterococcus spp., are the
pathogens responsible for delayed healing
and infection in acute and chronic wounds,
particularly

in surgical wounds [4]. An

analysis of 108 post-surgical wounds
concluded that on average, a patient stayed
an additional 10.2 days in the hospital due to
wound infection and that the associated
hospital cost was $3,937 per infected patient
[5].

Pseudomonas aeruginosa, one of the most
common

opportunistic  pathogens in

nosocomial infections, is a rod-shaped

aerobic gram-negative bacterium measuring

0.5-0.8 ym wide and 1.5-3.0 um long.
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Pseudomonas can be found in soil, water,
and vegetation as well as isolated from the
skin and throat of a healthy individual.
Because P. aeruginosa can additionally be
found in medical environments, such as on
sinks, taps, and respiratory equipment [6], it
poses a specific risk to hospitalized patients
whose immune systems may not be strong
enough to fight off infection. P. aeruginosa is
frequently linked to patients with cystic
fibrosis [7], severe burn victims [8], and
immunocompromised hosts such as patients
with AIDS [9]. This pathogen is responsible
for 30% of deaths related to pneumonia and
septicemia and 38% of deaths related to
ventilator-associated pneumonia in intubated
patients [10-12].

P. aeruginosa synthesizes different aromatic,
tricyclic compounds known as phenazines.
Figure 1 shows the phenazine biosynthesis
pathway for P. aeruginosa. Derivatives of
phenaxine-1-carboxylic acid (PCA) include
phenazine-1-carboxamide, 1-hydroxy-
phenazine, and pyocyanin [13].

Pyocyanin is a blue redox-active secondary
metabolite produced by P. aeruginosa. It is
recovered in large quantities in sputum from
patients with cystic fibrosis who are infected
by this opportunistic pathogen. Pyocyanin is
a water-soluble pigment, acting as both a

virulence factor and a quorum sensing
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hzH Phenazine-1-carboxamide
(PCN)
phzA1-G1
. phzA2-G2 Phenazine-1-carboxylic phzMiphzS Pyocyanin
Chorismate acid (PCA) (PYO)
1-hydroxyphenazine
phzS (1-OH-PHZ)

Figure 1. Phenazine biosynthesis in P. aeruginosa [13].

molecule during wound colonization [14].

Because of its redox-active activity,
pyocyanin be detected using
electrochemistry [15-16]. It is a useful

biomarker for P. aeruginosa identification
and detection because no other bacterium is
known to produce this molecule.

In a study performed with 676 surgery
patients with signs of wound infections, it
was observed that the common pathogens

were Staphylococcus aureus (28.2%),
Pseudomonas aeruginosa (25.2%),
Escherichia coli (7.1%), Staphylococcus

epidermidis  (7.1%), and Enterococcus

faecalis (5.6%) [17].

Infections caused by gram-negative bacteria
are relevant because they are highly efficient
at acquiring genes that code for mechanisms

of antibiotic drug resistance [18]
Previous work in this area has shown that
electrochemical sensors can be used to

rapidly detect P. aeruginosa’s production of
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pyocyanin in complex media environments
[15-16]. However, no previous work has
been done to investigate how this
opportunistic pathogen behaves when it is
cultured alongside other bacteria in the same

media environment.

The aim of this project is to investigate

whether P. aeruginosa’s production of

pyocyanin changes when it is cultured
alongside other bacterial pathogens. This
research project will lead to a better
understanding of pyocyanin production rates
by P. aeruginosa in polymicrobial samples. In
addition, the data from this study will help
elucidate the value of measuring pyocyanin
concentrations in point-of-care applications,
care and

leading to improved patient

reduced hospital expenditures.
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Materials and methods

Materials

Pseudomonas aeruginosa (PA14),
Staphylococcus aureus (RN4220),
Staphylococcus epidermidis (RP62A),

Enterococcus faecalis (ATCC 29212) and
Escherichia coli (DH5a m-cherry) were
grown overnight at 37 °C and 150 rpm, in
both lysogeny broth (LB) (BD 244620) and
trypticase soy broth (TSB) (BD 211768)

growth media.

Electrochemical measurements were done
using disposable, screen-printed electrode
sensors (Zensor TE100) containing carbon
electrodes and a

(Figure 2).

measurements

working and counter
Ag/AgCI

Electrochemical

reference
were
controlled and recorded with a potentiostat
(CHI842C, CH Instruments).

Cell cultures

Stock cell cultures were prepared in 3 mL of
LB and TSB growth media. From these stock
cultures, different polymicrobial combinations
(SI) were inoculated into fresh media,
starting with a single species co-cultured with
P. aeruginosa. Combinations of two bacterial
pathogens were tested with P. aeruginosa,
including a final sample that contained all
five bacterial species. For each test, 100 pL

of sample was placed onto a sensor and
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scanned from -0.5 to 0.2 V using square-

wave voltammetry at a frequency of 15 Hz

Contact

Insulated Layer

Reference
Electrode (R)

Counter

Electrode (C) Working

Electrode (W)

Lensor

(-

Figure 2. Zensor TE100.

and an amplitude voltage of 0.05 V to detect
P. aeruginosa’s production of pyocyanin.
Measurements were recorded every hour for
the first 24 hours and then every 6 hours for
2 days; resulting in 3 days of measurements.
The data were analyzed using OriginPro 9.1
(OriginLab) using baseline-subtraction to
determine the peak current that is observed
due to pyocyanin oxidation. It is expected
that pyocyanin oxidizes at -0.25 V vs. a
Ag/AgCI
peak currents can be correlated to the

reference electrode [19]. These

concentration of pyocyanin in the sample
using a calibration curve made from known

pyocyanin standards [SI1]

To correlate pyocyanin concentrations to cell
densities, cell counts were performed using a
hemocytometer (Hausser Scientific Modell
3500) for each sample at 6-hour intervals.
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Results and discussion

Liquid cultures of P. aeruginosa combined

with different bacterial pathogens were
grown in either LB or TSB media to
investigate  whether P.  aeruginosa’s

production of pyocyanin changes when it is
cultured alongside other bacterial pathogens.
the concentration of

Figure 3. shows

pyocyanin over time for P. aeruginosa

cultured alongside other bacteria in (a, c) LB
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or (b, d) TSB growth media. A control sample
with P. aeruginosa alone was also tested in
each medium. From the data presented in
Figure 3. (a, c¢) a significantly higher
concentration of pyocyanin is observed in the
LB media vs. TSB media, which can partially
be attributed to the lower cell densities that
are observed between both media (e, f).

From the data, we also observe that when P.
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Figure 3. Monitoring pyocyanin concentration over time of different polymicrobial co-cultures for 3
days in (a,c) LB or (b,d) TSB media. Bacterial cell density measurements were taken over time in (e)

LB and (f) TSB.
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bacteria, the increase of pyocyanin during
the first 24 hours follows a sigmoidal curve,
which corresponds to the lag phase and
exponential phase of bacterial growth. After
that time, the curves have different structures
for each media. In LB media (Figure 3. a and
c), the pyocyanin concentration increases at
a faster rate than when the bacteria are
cultured in TSB media (Figure 3. b and d),
which increases more gradually. This may be
due to the different components found in
each medium, where LB is a nutrient-rich
medium that allows rapid and robust growth
of specific bacteria, whereas TSB is a

general-purpose medium with  enough
nutrients to allow the growth of a wide variety
of microorganisms. With a higher nutrient
base medium, the bacteria have to compete
against each other to grow and therefore, P.
aeruginosa will produce pyocyanin in higher

concentration in LB.

Based on the cell counts (Figure 3. e and f),
the total concentration of bacteria does not
increase over time. This can be attributed to
the pyocyanin produced by P. aeruginosa, as
it has been shown that pyocyanin is able to
kil mammalian and bacterial cells through
the generation of reactive oxygen
intermediates [20]. Therefore, the overall
uniform cell densities that are observed

throughout the experiment may be due to
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pyocyanin disrupting the growth of other
pathogens in the media, resulting only in P.
aeruginosa growth. It is observed that in TSB
media (Figure 3. f), the total concentration of
bacteria is lower than in LB media (Figure 3.
e).

Differences between pyocyanin
concentrations in the same media (Figure 3.
c) may be due to the difference in initial
bacterial concentration (Figure 3. €). This
indicates  that the initial  bacterial
concentration of P. aeruginosa plays a role in
pyocyanin production rates, which is in

agreement with previous research [15].

Overall, the relative production rate of
pyocyanin is not affected by the bacterial
pathogens in the media but is influenced by
the type of media in which the bacteria

grows.

Conclusions

Pseudomonas aeruginosa’s production of
pyocyanin was electrochemically monitored
in polymicrobial samples containing different
bacterial pathogens and media types. This
study shows that P. aeruginosa produces
pyocyanin at similar rates, regardless if other
bacterial pathogens are present. Although
the total concentration of bacteria does not

increase over time, the initial concentration
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may influence the concentration of pyocyanin
produced by P. aeruginosa.

This
supporting the

data provides useful information

use of electrochemical
sensors as a point-of-care diagnostic for P.
aeruginosa in hospital-associated infections
that contain bacterial

often multiple

pathogens.

Bibliography
[1] Chauhan,

Varma. Microbes:

Ashok K., and A.

Health and
Environment. Tunbridge Wells, Kent, UK:
Anshan, 2006.

[2] Magill, Shelley S., Jonathan R. Edwards,
Wendy Bamberg, Zintars G. Beldavs,
Ghinwa Dumyati, Marion A. Kainer, Ruth
Lynfield, Meghan Maloney, Laura

Mcallister-Hollod, Joelle Nadle, Susan M.

Ray, Deborah L. Thompson, Lucy E.

Wilson, and Scott K. Fridkin. "Multistate

Point-Prevalence Survey of Health Care—

Associated

Journal of Medicine N Engl J Med 370.13

(2014): 1198-208.

[3] Bowler, P. G., B. I. Duerden, and D. G.

Infections." New  England

Armstrong. "Wound Microbiology and
Associated  Approaches to Wound
Management.” Clinical Microbiology

Reviews 14.2 (2001): 244.
[4] Bertesteanu, Serban, Stefanos Triaridis,
Milan Stankovic, Veronica Lazar, Mariana

Carmen Chifiriuc, Mihaela Vlad, and

Master in Nanoscience, Materials and Processes, URV

[5]

[6]

[7]

(8]

9]

[10]

Clara Romero Santiveri

Raluca Grigore. "Polymicrobial Wound
Infections: Pathophysiology and Current
Therapeutic
Journal of Pharmaceutics 463.2 (2014):
119-26.

Zoutman,

Approaches." International

D., S. McDonald, and D.
Vethanayagan. "Total and Attributable
Costs of Surgical-Wound Infections at a
Canadian Tertiary-Care Center." Infection
Control and Hospital Epidemiology 19.4

(1998): 254-59.

Iglewski, B. H., “Pseudomonas”, The
University of Texas Medical Branch at
Galveston, Galveston (TX), 1996.

Govan JR,

pathogenesis in cystic fibrosis: mucoid

Deretic V. Microbial

Pseudomonas aeruginosa and
Burkolderia cepacia. Microbiol Rev 1996;
60:539-74.

Tredget, E. E., H. A. Shankowsky, R.
Rennie, R. E. Burrell, and S. Logsetty.
“Pseudomonas infections in the thermally
injured patient”. Burns, 30, pp. 3-26,
2004.

Shepp, D. H., et al "Serious
Pseudomonas-Aeruginosa Infection in
Aids." Journal of Acquired Immune
Deficiency Syndromes and Human

Retrovirology 7.8 (1994): 823-31.

Fergie JE, Shema SJ, Lott L, Crawford R,
Patrick CC. “Pseudomonas aeruginosa
bacteremia inimmunocompromised

children: analysis of factors associated



Electrochemical Detection of Pseudomonas aeruginosa in Polymicrobial Environments

[11]

[12]

[13]

[14]

[15]

with a poor outcome.” Clin Infect Dis
1994; 18:390-4.

Bergen GA, Shelhamer JH. “Pulmonary
infiltrates in the cancer patient”. Infect Dis
Clin North Am 1996; 10:297-326.

Dunn M, Wunderink RG. “Ventilator-
associated pneumonia caused by
Pseudomonas infection [review]”. Clinics
in Chest Medicine 1995; 16:95-109.
Dietrich, Lars E. P., Alexa Price-Whelan,
Ashley Petersen, Marvin Whiteley, and
Dianne K. Newman. "The Phenazine
Pyocyanin Is a Terminal Signalling Factor
in the Quorum Sensing Network of
Pseudomonas Aeruginosa." Molecular
Microbiology Mol Microbiol 61.5 (2006):
1308-321.

Sharp,

Robert B. Smith, Stephen Forsythe, and

Duncan, Patience Gladstone,

James Davis. "Approaching Intelligent
Fibre

Pyocyanin

Infection  Diagnostics: Carbon

Sensor for Electrochemical
Detection." Bioelectrochemistry 77.2
(2010): 114-19.

Sismaet, Thaddaeus A.
Webster, and Edgar D. Goluch. "Up-

regulating Pyocyanin

Hunter J.,

Production by

Amino  Acid  Addition for Early
Electrochemical Identification of
Pseudomonas Aeruginosa."

Analyst 139.17 (2014): 4241.

Master in Nanoscience, Materials and Processes, URV

[16]

[17]

[18]

[19]

[20]

Clara Romero Santiveri

Webster, Thaddaeus A., Hunter J.

Sismaet, Jared L. Conte, I-Ping J. Chan,

and Edgar D. Goluch. "Direct
Electrochemical Detection of
Pseudomonas aeruginosa in Human
Fluid Samples." Biosensors &

Bioelectronics 60 (2014): 265-270.

Giacometti, A., et al. "Epidemiology and

Microbiology = of  Surgical  Wound
Infections."” Journal of Clinical
Microbiology 38.2 (2000): 918-22

Peleg, Anton Y., and D.C. Hooper.
“Hospital-Acquired Infections Due to
Gram-Negative Bacteria.” New England

Journal of Medicine, 362.19 (2010): 1804-
1813.

Bellin, D. L., et al. “Integrated circuit-
based electrochemical sensor for spatially
redox-active

resolved detection of

metabolites in biofilms”. Nature
Communications Nat Comms, 5. 3256
(2014)
Hassett,

D, J.,, et al

Pseudomonas aeruginosa to pyocyanin:

“‘Response of

mechanisms of resistance, antioxidant
defenses, and demonstration of a
manganese-cofactored superoxide
dismutase.” Infection and Immunity, 60.2

(1992): 328-336



Electrochemical Detection of Pseudomonas aeruginosa in Polymicrobial Environments

Supplementary

The bacterial combinations used were:

information
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1. P. aeruginosa

2. P. aeruginosa and E. faecalis

3. P. aeruginosa and S. aureus

4. P. aeruginosa and S. epidermidis

5. P. aeruginosa, E. faecalis, S. aureus and S. epidermidis

6. P. aeruginosa, E. faecalis, S. aureus, S. epidermidis and E. coli
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SI1. Pyocyanin calibration curves in (a) LB and (c) TSB and linear dynamic range of the
sensors from 0 to 100 uM in (b) LB and (d) TSB.

Master in Nanoscience, Materials and Processes, URV



