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Abstract

Pseudomonas aeruginosa is a bacterial pathogen that has high prevalence in cystic
fibrosis patients. An important virulence factor of this pathogen is the hemolytic phospholipase
C, PIcH, that functions in the hemolysis of cell membranes. Sphingomyelin is a major
sphingolipid found in cell membranes that is hydrolyzed by PlcH. Other sphingolipids that share
a common backbone with sphingosine interact with PIcH as well, sometimes leading to PIcH
inhibition. Sphingosine-1-phosphate (S1P) is one of these inhibitory sphingolipids, discovered in
the Wargo lab to have a large inhibitory effect on PIcH. While computational models have been
constructed to analyze this binding interaction, there is still a lot not understood about it. In this
study, I analyze a variety of sphingolipids that share a common backbone with sphingosine and
S1P. Under conditions allowing for the measurement of enzyme activity, I measured the percent
inhibition occurring under varying concentrations of these lipids. In addition to this, I
constructed four P. aeruginosa PIcH mutants to determine the importance of specific binding
interactions. Lipids with shorter hydrocarbon tails were noted to have lower inhibition of PIcH,
as well as those with phosphono-bonded phosphate heads. The four mutants had differential
results, including Trp114 which is potentially an important interaction residue in PIcH to bind

S1P.



Laura O’Brien HCOL Senior Thesis

Intro
Pseudomonas aeruginosa Bacterial Infections

Pseudomonas aeruginosa is a common gram-negative bacterial pathogen that causes
many severe infections including but not limited to pneumonia, keratitis, and bacteremia. Many
cases arise in healthcare facilities and affect patients with underlying conditions. Commonly seen
in patients with cystic fibrosis, at a prevalence of 60% - 70% (Crull et al., 2018), P. aeruginosa
leads to chronic lung infections. Bacterial pathogens, such as P. aeruginosa, use virulence
factors to attach to and invade host cells, damage host tissue, compete for nutrients, and evade
the immune system. Virulence factors of P. aeruginosa have been identified using animal
models of infection, in vitro studies, and examination of within-host evolution during prolonged
infection (Liao et al., 2022). Complete genome sequences are available to identify gene locations
and map location of changes in clinical and laboratory strains (Stover et al., 2000). High levels of
antibiotic resistance and a variety of virulence factors make P. aeruginosa a dangerous bacterium
that is difficult to eradicate. The hemolytic phospholipase C, PIcH, is an important secreted
virulence factor of P. aeruginosa that directly causes cell damage, altered cell-signaling, and

inflammation (Jackson et al., 2013).

PlcH Hydrolysis and Activity

PIcH hydrolyzes sphingomyelin, a major sphingolipid found in cell membranes, leading
to cell damage and promoting infection. One product of this hydrolysis is ceramide, which can
be cleaved by enzymes called ceramidases. P. aeruginosa encodes a secreted neutral ceramidase,
CerN, encoded by the cerN gene (Okino & Ito, 1998), which works in concert with PIcH to lyse

human cells (Okino & Ito 2007), however cerN regulation has not been well studied. Another
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group showed that CerN and PlcH activities were significantly induced in the presence of
sphingomyelin, as well as with phosphatidylcholine, sphingosine, and ceramide, though not as
efficiently (Okino & Ito 2007). Since one focus of the Wargo Lab is induction of P. aeruginosa
virulence-related genes by host-derived metabolites including sphingolipids, we were initially
interested in further exploring regulation of cerN. The cerN gene is directly upstream of the gene
encoding the hemolytic phospholipase C, plcH, and we have recently shown that induction from
the cerN promoter can also induce plcH expression (Mackinder et al., 2024), thus we were
interested in examining additional pathways regulating cerN. Initially, I used reporter assays to
test for the phosphatidylcholine induction of cerN that has been reported from other labs.
However, we were unable to repeat those findings in our lab and I therefore moved on to

sphingolipid interactions with PIcH.

PlcH Induction Through Sphingolipids

PlcH is induced by sphingolipids that share the common backbone of
sphingosine. Sphingosine is recognized by the transcriptional regulator SphR. This transcription
induction occurs from the cerN promoter with resultant transcriptional read-through (Mackinder
et al., 2024). Generated from ceramidases, sphingosine is converted to sphingosine-1-phosphate
d18:0 (S1P), a sphingolipid that has been observed to inhibit PIcH activity by the Wargo lab. S1P
is a major immune signaling molecule for nearly all immune cells. S1P is also the major tissue-
to-blood chemotactic signal for B and T cells. Additionally, S1P functions in regulating histone
acetylation, being observed to have an epigenetic role of sphingolipids in inflammation and lung
injury (Ebenezer et al., 2016). This study found evidence suggesting that S1P could restore

innate immune function in cystic fibrosis through the recovery of histocompatibility class 11
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molecules (MHCII). A previous member of the Wargo lab determined that S1P could inhibit
PlcH activity, and to follow up on these findings, I selected a variety of S1P analogues to further
understand their PIcH binding and inhibition interactions. While S1P has been seen to inhibit
PlcH activity, it only does so at high concentrations. If S1P were to be at these high
concentrations it would cause great harm, overworking the immune system, and potentially
killing the patient. Finding S1P analogues that are less toxic and have strong abilities to inhibit
PlcH activity is important in developing a potential treatment for P. aeruginosa infections. Using
a PIcH-S1P docking model created using Swissdock, I was able to identify potential sites of
hydrogen bonding and hydrophobic interactions between PIcH and S1P. Once obtaining this
information as well as a digital model, I was able to generate specific P. aeruginosa plcH

mutants and select S1P analogues that would test the different computational docking models.

Methods
Strains and Growth Conditions

WT PAO1 P. aeruginosa strain maintained in glycerol stock at -80°C. Fresh plates were
struck every week on a lysogeny broth—Lennox formulation (LB plate) and grown up, upside
down, overnight in a 37°C incubator. The following day PAO1 was inoculated from this plate
into 3 mL overnights of MOPS medium with 20 mM pyruvate and 5 mM glucose, then grown

with shaking at 37°C.
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Induction and NPPC Assay

The induction process takes place over three days, growing the culture on a plate and then in
liquid in the conditions mentioned above constitute days one and two. On day three, overnight
PAOLI cultures were spun down at 14000 rpm for 1 minute, and the supernatant saved. A solution
consisting of 1 mL PAO1 supernatant, 1 mL MOPS medium, 40 pL pyruvate, and 4 pL choline
was prepared. 600 pL was placed into each well of a 24-well plate. A breathable film was added
on top, and the plate was set on a 37°C shaker for four hours.

2X NPPC buffer was prepared and the NPPC allowed to dissolve completely. To make up
2X NPPC, T used 0.5 mL glycerol, 0.3 mL dH20, 0.2 mL 1 M Tris pH 7.2, and 6 mg NPPC per 1
mL buffer. In a clear 96-well plate, 45 uL 125 mM Tris was added to each well, 90 pL in the
first well. 46 pL of NaOH (1A-3A) or S1P d18 (4A-6A) were then added to the first six wells,
the remaining six were divided between the two lipids being tested (Figure 1). Lipids were
resuspended to 2 mM in 10 mM NaOH and stored at -20°C in 200 pL aliquots. A 2-fold serial
dilution was then performed, resulting in the first row having a final concentration of 256 uM,
and the bottom row with 2 uM. 30 pL of PAO1 from the four-hour induction was added to each
well. After ten minutes to allow for lipid-culture interaction, 75 pL 2X NPPC buffer was added
to each well and the plate was placed in the reader immediately.

BioTek Synergy2 or BioTek H1 multimode plate readers were used to measure

absorbance and optical density. The plate reader sequence was preset to 37°C. The first read was
OD 600, followed by five-minute intervals of 410 nm absorbance reads. At 30 minutes, another

OD 600 and 410 nm read was performed.
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Figure 1. Diagram of 96-well plate set up for NPPC read created on Biorender. Every 3rd
column starts a new condition, and the serial dilution occurred from the top to bottom of the
plate. Highest concentration was 256 uM and lowest concentration was 2 uM. Total well volume

including Tris, culture, lipid, and 2X NPPC was 150 pL.

Normalizing Data and Calculations

Data were normalized by obtaining a base level of NPPC activity and standardizing all future
plates to this level. Once the four-hour induction was complete, the culture was diluted 1:1

in H20 and then 30 pL were combined with 45 pLL 125 mM Tris and 75 puL 2X NPPC in a 96-
well plate. Absorbance reads at 410 nm were taken from the 0 and 30 minute readings, allowing
for a AG calculation. The calculated AG was then compared with the baseline level, and dilution
of culture into H20 was performed if necessary.

Data calculations were completed in Microsoft Excel, calculating percent NPPC
hydrolysis versus vehicle control (10 mM NaOH), and actual enzyme activity. Initial 410 nm
reads were subtracted from 30-minute reads, calculating the change in absorbance. Vehicle reads
were then averaged, and the three test condition reads were divided by this average to calculate

percent change in NPPC hydrolysis. This same process was done for calculating the 18-hour
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percent hydrolysis. Absorbance per cm was corrected by multiplying change in absorbance value
by 2.34, the correction factor for converting between 96 well plate and 1 cm of absorbance. This
value was then divided by the molar extinction coefficient for nitrophenol (17500) and
multiplied by 1000000 to calculate the absorbance in uM nitrophenol. Finally, the absorbance
value was divided by the OD 600 read and scaled by a factor of 1000 to reach a final enzyme

activity in nM NPPC hydrolyzed per ml per minute per culture OD600.

Mutation Constructs

Primer sequences for W323Q and L245N were ordered from Integrated DNA
Technologies (IDT) and resuspended to 20 mM in water. Mutant W323Q was constructed from
one PCR of sequences 2987 and 2991 and an additional PCR of 2992 and 2990. L245N was
constructed by a PCR of 2987 and 2988, as well as a PCR of 2989 and 2990. A gel extraction
was then performed for each PCR, followed by purification to isolate DNA sequences. Mutant
inserts for S117A and W114A were ordered from Twist Bioscience, already prepared for Hifi.
All constructs were then resuspended into TE buffer at 100 ng/uL and incubated at 50°C for 20
minutes, before vortexing and centrifuging for one minute at 14000 rpm. High-fidelity construct
(NEBuilder Hifi) was performed with 100 ng PMQ30 (Hind III Kpnl), 200 ng resuspended
construct, 10 pL Hifi, and filled to a total volume of 20 uL with dH20 then incubated at 50°C
for 15 minutes. The constructs were then transformed onto chemically competent E. coli cells
before being added to 800 pL LB and rotated at 37°C for one hour. Transformations were grown
up overnight on LB-Gent]10XGAL plates at 37°C. Six colonies were then picked from each
construct and inoculated in LB-Gent7 at 37°C overnight. The constructs were then miniprepped

according to Monarch® Plasmid DNA Miniprep Kit Protocol and stored at -20°C.
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A restriction digest was then performed if needed; L245N and W323Q were checked with
restriction enzymes EcoRI and Kpnl, and S117A with Fspl. In PCR strip tubes, 5 pL miniprep
DNA, 2 puL 10X Cutsmart, 12 pL sterile H20, and 1 pL restriction enzyme was added. Digests
were incubated at 37°C for one hour and then checked by PCR and sent to Plasmidsaurus for
sequencing.

Once confirmed, the strains underwent a PA14 mating process. PA14 was struck out on
Pseudomonas isolation agar (PIA) plates and grown overnight at 37°C. Additionally, the
constructs were transformed into S17Apir E. coli cells and plated on PIA overnight. Pal4 and
S17Apir strains were then inoculated into a LB-Gent7 liquid medium and grown with shaking
overnight at 37°C. The following day, four tubes were prepped for each mating, Pal4 alone, F.
coli alone, as well as 4:1 and 40:1 dilution of Ec:Pal4, respectively. Once the gentamicin-
containing supernatant was removed by centrifuging at 14000 rpm for one minute, the pellets
were gently resuspended and plated in large spots on LB agar plates overnight. In the morning,
half of each spot was scraped and resuspended in LB then plated on PIA-Gent50 plates
overnight. Eight single-crossovers were then re-streaked onto a fresh PIA-Gent50 plate and
grown again overnight. If plates were confluent, this step was repeated. The following day,
colonies that did not grow up in Gent 50 (non-antibiotic-resistant) were picked and prepped for
PCR to check for a successful single cross over, once confirmed they were grown up in 3 mL LB
while shaking at 37°C for four hours. Dilutions of 1:100 and 1:1000, culture: LB, were plated on
separate LB (no NaCl) +5% Sucrose plates and incubated at 30°C for 24 hours. The W114A
double cross overs were then checked by PCR while W323Q, L245N, and S117A were checked
by restriction digest, with the same enzymes as before, and PCR. PCR cleanup was performed if

needed, glycerol stocks were made, constructs were stored at -80°C.
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Using the created mutants (S117A, W114A, L245N, W323Q) the same induction
procedure was performed. However, only NaOH and S1P d18 were used, as negative and
positive controls, respectively. These results were then cross-referenced against the WT strains

and data was analyzed.

Results

A previous member of the Wargo lab showed that Sphingosine-1-phosphate d18:0 (S1P)
was capable of inhibiting PIcH activity in the low micromolar level and thus I set out to compare
S1P to a set of S1P analogues that were commercially available (Figure 2). Sphingosine-1-
phosphate d16:1 (S1P d16) and sphingosine-1-phosphate d17:1 (S1P d17) contain nearly
identical structures to S1P, aside from one carbon bond length difference. S1P d17 had similar
enzyme activity to S1P, with inhibition occurring around a concentration around 32 uM.
Inhibition was still observed at 18 hours, and hydrolysis increased noticeably before inhibition,
compared with S1P. S1P d16 had a lack of PIcH inhibition both short and long-term, maintaining

a high percent of NPPC hydrolysis (Figure 3).
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Figure 2. Bond-line models of lipids used in this study from Cayman Chemical.
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Figure 3. Normalized data of sphingolipid inhibition of PIcH from supernatants from three
repeats each containing three replicates. Absorbance and optical density data from NaOH
(vehicle control), S1P d18 (positive control), SIP d16, and S1P d17. Top and middle graphs

show percent NPPC hydrolysis standardized to initial NaOH vehicle at both 30 minutes and 18
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hours. The bottom graph shows amount of enzyme activity (nM/vol/time/OD600) of each

condition after 30 minutes. Line of best nonlinear fit applied to each condition, error bars absent

if smaller than data point.

FTY720 phosphate (FTY 720P) and thio-miltefosine (T-mil) were chosen due to their
structures containing a phenol and trimethylammonium group, respectively (Figure 2). FTY
720P maintained a similar inhibition pattern to S1P at 30 minutes, however had stronger
inhibition after 18 hours. Hydrolysis was seen at a lower FTY concentrations than S1P, around
16 uM. T-mil had an opposite inhibition pattern from S1P, with inhibition occurring at low

concentrations and slowly growing hemolytic activity at higher concentrations (Figure 4).
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Figure 4. Normalized data of lipid inhibition of PIcH from supernatants from three repeats each

containing three replicates. Absorbance and optical density data from NaOH Data from (vehicle

control), S1P d18 (positive control), FTY720P, and thio-miltefosine (T-mil). Graphs (top and

middle) show percent NPPC hydrolysis standardized to initial NaOH vehicle at both 30 minutes
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and 18 hours. Bottom graph showing the amount of enzyme activity (nM/vol/time/OD600) of

each condition after 30 minutes. Line of best nonlinear fit applied to each condition.

Sphingosine-1-phosphate d18:1(14Z) (S1P d18: 14Z) and 1-oleoyl-2-hydroxy-sn-
glycero-3-PA (OHG) were the final two lipids tested and normalized (Figure 5). OHG showed a
stronger ability to inhibit PIcH compared with S1P and retained inhibition after 18 hours,
inhibition occurred around [8 pM] OHG compared with [32 uM] S1P. Additionally, OHG
resulted in a lower level of enzyme activity after 30 minutes. SIP d18: 14Z showed inhibition of
hydrolytic activity with increasing concentrations, followed by a sudden lack of inhibition at the
highest concentration of 256 uM at both 30 minutes and 18 hours. S1P d18: 14Z also showed a

drop in enzyme activity at lower concentrations than S1P.

14
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Figure 5. Normalized data of lipid inhibition of PIcH from supernatants from three repeats each
containing three replicates. Absorbance and optical density data from NaOH (vehicle control),

S1P d18 (positive control), SIP d18: 14Z, and OHG. Graphs (top and middle) showing percent
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NPPC hydrolysis standardized to initial NaOH vehicle at both 30 minutes and 18 hours. Bottom
graph showing the amount of enzyme activity (nM/vol/time/OD600) of each condition after 30
minutes. Line of best nonlinear fit applied to each condition, error bars absent if smaller than

data point.

I created two PlcH mutations (W323Q and L245N) and tested these for NPPC hydrolysis
activity, which was very low. Once normalized to their respective vehicle, PIcH L245N showed
inhibition at higher S1P concentrations when compared with the WT PlcH (Figure 6). PIcH
W323Q showed inconsistent results at 30 minutes, while there were very low levels of hydrolysis
at 18 hours (Figure 6). Additionally, I created two new Pal4 PIcH mutations, PIcH W114A and
PlcH S117A. Mutant S117A, as well as the WT, had unsuccessful results, there was no S1P
inhibition with either condition (Figure 7). Both the WT and mutant constructs had odd results,
preventing further analysis. W114A showed no NPPC hydrolytic activity, and there was no

collectable data to analyze.

16
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Figure 6. Sphingosine inhibition of PIcH with Lac-Z PlcH mutants W323Q (left) and L245N
(right). Data is normalized from three replicates. Absorbance readings (410 nm) and optical
density readings (OD 600) data under negative control conditions (NaOH) and positive control
(S1P) conditions. Percent hydrolysis data was standardized from NaOH data at 30 minutes.
Bottom two graphs show enzyme activity (nM/vol/time/OD600) of each condition at 30 minutes.

Line of best fit applied to all conditions, error bars absent if smaller than data point.
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Figure 7. Sphingosine inhibition of PIcH with Pal4 PlcH mutant S117A, normalized from three
replicates. Absorbance readings (410 nm) and optical density readings (OD 600) data under
negative control conditions (NaOH) and positive control (S1P) conditions. Percent hydrolysis
data was standardized from NaOH data at 30 minutes. Bottom two graphs show enzyme activity
(nM/vol/time/OD600) of each condition at 30 minutes. Line of best fit applied to all conditions,

error bars absent if smaller than data point.
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Discussion

The goal of this study was to explore lipid compounds that provide similar or different
inhibition compared to S1P. While S1P is a strong PIcH inhibitor, its inhibition occurs at very
high physiological concentrations of S1P, and it becomes dephosphorylated to sphingosine by
enzymes present in the extracellular space within 5-6 hours. This resulting sphingosine will
eventually induce more PlcH production. To identify a more effective S1P analogue, I generated
a list of S1P analogues that would be able to provide information on the PIcH binding site.
Additionally, using a docking model of the PIcH — S1P binding site (Figure 8), I selected four
mutations that targeted specific amino acids within this site. Using the percent NPPC hydrolysis
and enzyme activity for both of these conditions, new information about PIcH inhibition was

reported.

Figure 8. Model of S1P docking into PIcH molecule created on Swissdock.
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Binding of SIP Carbon Tail End to PlcH

One factor that affected PIcH hydrolysis was the length of the sphingolipid carbon tail.
Seen with S1P d17 and S1P d16 who differ from each other by one carbon on the hydrocarbon
tail. S1P d17 showed similar levels of inhibitory activity compared with S1P, but S1P d16
showed no inhibition and even demonstrated PlcH activation (Figure 3). This would suggest that
the length of the tail is important for binding to PIcH and affects the level of activity. It is
possible that there is strong binding at the end of the tail, which would explain the lowered
activity when the tail is shortened. Two compounds that further support this theory are W140 and
W146. These compounds contain a phenol ring next to the phosphate head, followed by a short
carbon tail. Both compounds saw no change in PIcH activity, or NPPC hydrolysis, after both 30
minutes and 18 hours. The data from these two compounds are not shown above because there
was a consistent lack of inhibition. One drawback to the data collected was that the compounds
were only ordered from one company. To further research this theory, compounds should be
ordered from multiple companies, ensuring that the lack of activity is not due simply to a poorly
manufactured compound. Alternatively, the compounds could be analyzed within the Agilent

chemical analysis core.

T-mil and Alternate Activity of PlcH

T-mil displayed an opposite pattern of activity compared with the common inhibition
trend seen with S1P. There is inhibition of PIcH activity at low concentrations of T-mil, followed
by higher levels of PIcH activity at higher concentrations (Figure 4). It is likely that T-mil
involves alternate activation that cannot be scrutinized under the procedure used. Allosteric

activity of PIcH has been seen in previous studies. In a study by Liffourrena et al.,

20
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Tetradecyltrimethylammonium, a similar compound to t-mil, was seen to inhibit PIcH activity
only in the absence of PIcR, while it was unable to bind in its presence. T-mil likely shows a
normal inhibition curve at lower concentrations than those tested, followed by inhibition seen
here, further followed by activation at high concentrations. T-mil also does not have a
phosphono-bonded phosphate head. It contains a sulfur atom in place of the oxygen. This
difference in structure may make it harder for the molecule to become dephosphorylated,
changing PIcH activity. Using different concentrations of T-mil, PIcH activity should be
measured to further explore this theory. The plcR gene is directly downstream of p/cH, and
alternate activation of PlcH should be tested both in the presence and absence of T-mil. If there is
a clear interaction with PIcR, it would help us understand PlcH lipid recognition and binding as
well as demonstrating that T-mil could be a potential strong inhibitor of PIcH under the right

conditions.

Double Bonding Within PlcH Binding Site

Double bond placement within the sphingolipid may also be a possible influence on
bonding to PlcH. OHG differs from S1P by the longer hydrocarbon tail, having an ester group in
place of a double bond, and by the presence of a double bond on carbon 9. This compound
showed very strong inhibition of PIcH, consistently decreasing percent NPPC hydrolysis at 4-
fold lower concentrations than S1P (Figure 5). This change in concentration is important when
applying this research to treatment, as high concentrations of any molecule would lead to
dysregulation and potential harm. While OHG showed a strong ability to inhibit PIcH, there were
experiments where the level of activity was completely different and there seemed to be sporadic

inhibition and activation. As with the other possible binding theories, this could be examined
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using compounds similar to OHG, including fatty acids. Before further pursuing the use of this
compound, the inhibition of PIcH must be standardized to a procedure that results in consistent
data. Continuing to test OHG as well as its analogues could lead to an explanation of this odd
behavior, and more clarity on the importance of the double bond.

Another molecule that had changes in the location of double bonding was S1P d18: 14Z
which has a double bond on carbon 14 instead of on carbon 4. This molecule did result in
inhibition, however levels of hydrolysis remained high at 18 hours. T-mil, and FTY 720P also
contain changes in the location of double bonds. Both molecules had changes to inhibition levels
compared with S1P, but also had other varying factors that may have contributed. Further
analysis of the importance of double bond placement is crucial in understanding the binding

interaction onto PIcH.

Mutation Constructs Identify Specific Binding Sites

The mutants created were picked based on a Swissdock molecular docking model created
to test configurations of S1P binding to PlcH (Figure 9). The three top-scoring models
collectively identified ten possible important amino acids in the binding site. Using the sites
identified by all three models, I created mutants W323Q and L245N. While the results from
W323Q mutant were inconclusive, they suggest that Trp323 may not be a key binding site.
Consistent increase or decrease in activity with this mutant would suggest that it plays an
important role in S1P binding, however this was not reported. Mutant L245N, however, has a
varying IC50 value, suggesting that Leu245 may be an important binding site. At 30 minutes, the

IC50 value for WT with S1P was 0.96 while for Mut S1P it was 1.77. Indicating that a higher
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concentration of S1P was necessary for 50% inhibition, and ultimately a lower potency for
inhibition against the mutant.

Mutants S117A and W114A were constructed based on an additional model involving an
unknown divalent cation in the active site, as seen in the structure from the Francisella tularensis
AcpA crystal structure. S117A showed little change in PIcH activity (Figure 7). However, the
experiment was unsuccessful in the WT condition as well as in the mutant, possibly due to
sphingosine-containing molecular stability over time. The PlcH W114A mutation, showed a
complete lack of activity. This could be due to an error in the initial induction, which is likely as
both the WT and mutant did not have activity. All of these mutations were only tested two or
three times, and data was not standardized. In order to understand the changes in activity, the
mutant tests must be replicated to provide standard data. Further mutations should be created to
test the other binding sites from these models. Specifically, Phe488 and Tyr484 are important
sites to create mutations at, as they bind at the end site of the hydrocarbon tail of S1P. Creating
these mutants, standardizing past mutant assays, and testing S1P analogues of different tail
lengths would provide further information on the importance of tail length in the PlcH binding

site.
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Figure 9. Three models of S1P — PIcH binding interactions created by Swissdock.

Conclusions and Future Directions

Following up this study, I began testing the effects of PIcH on the hemolysis of sheep red
blood cells. P. aeruginosa infections are harmful to patients due to the hemolysis of cell
membranes that occurs with PIcH activity. It is not yet clear if the results seen here, with NPPC
and P. aeruginosa supernatant, are the same in eukaryotic organisms. Therefore, measuring
eukaryotic red blood cell hemolysis in the presence and absence of S1P would allow larger
connections of P. aeruginosa treatment to be drawn. Additionally, it is clear that S1P inhibition
cannot occur at healthy concentrations within host eukaryotes, and more analogue testing is
critical for finding an alternative solution. This assay was only briefly conducted, however is an
important step moving forward when applying these results to possible treatments for patients.
With more time, the sheep blood hemolysis assay should be standardized and tested against the
compounds in this study. Overall, there is a lot of follow-up research to be done with new

mutants, lipids, and conditions to draw a strong link to human treatment.
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