
The Regulatory Role of the Heme-Binding
Protein PhuS in Pseudomonas aeruginosa

Item Type Poster/Presentation

Authors Montes, Nicholas; Wilson, Tyree; Mouriño, Susana; Wilks, Angela

Publication Date 2022

Abstract Pseudomonas aeruginosa is a gram-negative opportunistic
pathogen that can cause life-threatening nosocomial infections
in immunocompromised patients. P. aeruginosa requires iron
for survival and infection and has evolved several mechanisms to
sens...

Keywords Heme-Binding Proteins; Pseudomonas aeruginosa; Iron--
metabolism; Heme

Rights Attribution-NonCommercial-NoDerivatives 4.0 International

Download date 19/05/2023 14:39:28

Item License http://creativecommons.org/licenses/by-nc-nd/4.0/

Link to Item http://hdl.handle.net/10713/19394

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/10713/19394


The Regulatory Role of the Heme-Binding Protein PhuS in Pseudomonas aeruginosa

Nicholas Montes, Tyree Wilson, Susana Mouriño, and Angela Wilks
Department of Pharmaceutical Sciences, School of Pharmacy, University of Maryland, Baltimore, USA. 

This work was funded in part by AI161294 to AW

Abstract
➢ Pseudomonas aeruginosa is a gram-negative opportunistic 

pathogen that can cause life-threatening nosocomial infections 

in immunocompromised patients.

➢ P. aeruginosa requires iron for survival and infection and has 

evolved several mechanisms to sense and acquire iron from 

the host including the utilization of heme.1

➢ PhuS is a cytoplasmic heme binding protein that regulates 

extracellular heme flux into P. aeruginosa through its 

conformational flexibility enabling it to exist in functionally 

distinct forms.

➢ The data presented indicates fluctuations in extracellular heme 

flux through PhuS can disrupt iron homeostasis through the 

altered expression of the prrF1/prrH sRNA network. 

Background

➢ The opportunistic pathogen, P. aeruginosa, encodes a 

siderophore based system, a Feo system, and two heme 

uptake systems encoded by the phu (Pseudomonas heme 

uptake) and has (heme assimilation system) operons.2

Figure 2 Genetic organization of the prrF1,F2 and phu loci in pathogenic and non-

pathogenic Pseudomonas strains. The tandem arrangement of prrF1 and prrF2 is found only 

in pathogenic strains and located immediately downstream of the phu operon. Additionally,

phuS is only found in strains harboring the tandem arrangement of prrF1 and prrF2. This 

tandem arrangement allows for the transcription of prrH, a heme responsive sRNA. Adapted 

from reference (29)

Results

Future Studies
➢ Determine DNA binding motif within the prrF1 promoter for HDX-MS and biophysical studies of the apo-PhuS-DNA 

complex.

➢ Perform HDX-MS on PhuS mutants of interest in the presence of the prrF1 promoter to understand conformation and 

dynamics associated with the ligand driven conformational switch.

➢ I will complement the ΔphuS strain with phuS H212A and perform 13C-heme isotopic labeling/LC-MS/MS and qPCR to 

determine the effect of modulating heme flux on PrrF/PrrH expression.

References
1. Wilks, A., & Burkhard, K. A. (2007) Nat. Prod. Rep. 24, 511–522. 

2. Ochsner, U.A., et al (2000). Microbiology 146, 185–198. 

3. Wilson, T., Mourino, S., and Wilks, A. (2021) J Biol Chem, 100275

4. O'Neill, M. J., et al, (2012) Proc Natl Acad Sci U S A 109, 5639-5644

5. Deredge, D. J., et al, (2017) Proc Natl Acad Sci U S A 114, 3421-3426

6. Tripathi, S., O'Neill, M. J., Wilks, A., and Poulos, T. L. (2013) J Inorg Biochem 128, 

131-136

2) HDX-MS of WT PhuS and PhuS H212R 

3) Deuterium kinetic trace plots of WT PhuS and His-mutants 

Figure 3.11 Comparison trace plots of apo- and holo- PhuS WT,

H209A, and H212R. Deuterium kinetic traces for the C-terminal α6 

helix (A), α7/α8 helices (B), and N-terminal α2 helix (C). Each

peptide is color coded based on the protein state with solid lines

for apo-PhuS and dashed lines as holo-PhuS. Kinetic traces

include the percentage deuteration (%D) as a function of D2O 

incubation time. %D is determined as the centroid of the isotopic 

envelope normalized to undeuterated and fully deuterated 

controls.

6) Proposed mechanism for heme transfer from holo-PhuS to HemO

1) Heme binding characteristics of WT PhuS and His Variants 4) qPCR of prrF1 and prrH in iron-deplete and heme-

supplemented conditions  

5)BVIX-β and BVIX-δ isomer production in WT PhuS and 

H209A strain as analyzed by LC-MS/MS    

Table 1 Heme binding characteristics of holo-PhuS WT and His variants. Spectroscopic characteristics measured by 

absorption and Resonance Raman. Heme binding affinity by fluorescence quenching and holo-PhuS interaction with HemO by

SPR. Adopted from reference (4).

Figure 3 Difference plot of percentage deuteration for apo-PhuS minus holo-PhuS WT and apo-PhuS H212R minus holo-

PhuS H212R. Individual peptides plotted on the x axis from the N to C terminus. For each peptide, differences in 

percentage deuteration (%ΔD) at the various deuterium incubation times are color-coded according to the legend, and the 

sums of all differences integrated over all incubation time points are represented by gray bars. Respective 98% 

confidence intervals (98% CIs) shown by the horizontal dashed lines. Panel B inset shows color coded peptides mapped 

onto the holo-PhuS crystal structure (PDB 4IMH). Adapted from reference (5).

Figure 7 Proposed mechanism of heme transfer from holo-PhuS to HemO. A. (1) Heme binds to apo-PhuS through

His-209; (2) Ligand switch to His-212 triggers heme transfer to apo-HemO (4) followed by dissociation of holo-HemO.

B. In silico modeling of the two possible heme binding modes in holo-PhuS. Adapted from reference (6).

Figure 6 BVIX isomer production in the 

PAO1 WT and phuSH209A via LC-

MS/MS analysis. Concentrations (ng/mL)

for each sample were normalized to the

respective OD600. The values are 

representative of the mean from three 

biological replicates and error bars 

represent the standard deviation of the

three independent experiments

performed in triplicate. P values were

determined by two-tailed Student’s t test 

comparing the respective BVIX isomers 

in each strain at the same time point, 

where *p < 0.05. BVIX-α, BVIX-β, and 

BVIX-δ are color coded as blue, pink and 

green, respectively.

Figure 5 Relative prrF1 and prrH sRNA levels for phuSH212R and phuSH209A allelic strains in iron-deplete or heme-supplemented conditions. A. 

PrrF1 and PrrH relative sRNA levels inPAO1 WT. B, PrrF1 and PrrH relative sRNA levels in phuSH212R. mRNA isolated at 0, 2, and 5 h following 

growth in either iron-deplete M9 or M9 supplemented with 1 μM heme. mRNA values represent the mean from three biological experiments, each 

performed in triplicate and normalized to 0 h. Blue shaded bars represent iron-deplete conditions; pink shaded bars represent heme-supplemented 

conditions. Error bars represent the standard deviation from three independent experiments performed in triplicate. 

Figure 1 Gram-

negative

Pseudomonas

aeruginosa heme

uptake pathway.

Heme is taken up by 

two non-redundant 

heme uptake 

systems, the 

Pseudomonas heme 

uptake (phu) system 

and the heme

assimilation (has)

system.
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