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Abstract: Microsomes are commonly used to perform in vitro drug metabolism, predominantly to
form phase I drug metabolites. Pooled microsomes from multiple donors can contain microorganisms
from underlying microbial diseases. Exposure to microbes can also occur during extraction if aseptic
processing is compromised. Although microbial presence does not affect the metabolic activity
of microsomes, presence of unwanted microorganisms can cause interference if the downstream
application of microsomal drug metabolites is screening for antibacterial activity. In this work,
traditional biochemical tests and advanced proteomics-based identification techniques were used to
identify two gram-negative bacteria in pooled human liver microsomes. Several decontamination
procedures were assessed to eradicate these two bacteria from the microsomes without affecting
its metabolic capacity, and organic extraction was found to be the most convenient and efficient
approach to decontaminate microsomes and screen drug metabolites for antibacterial activity against
methicillin-resistant Staphylococcus aureus (MRSA).

Keywords: drug metabolism; bacterial contamination; MALDI-TOF/TOF; microbial ID; clinical mass
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1. Introduction

Drugs, xenobiotics, or exogenous substances undergo a series of biotransformation
processes when introduced into the body, which are also known as metabolism. There
are different enzymes that can act on drugs or xenobiotics to either activate them by
introducing a reactive group or deactivate them by conjugating polar moieties to help
them be excreted from the body [1]. The rate and extent of drug metabolism are highly
variable [2] and depend on the presence of different enzymes, which can vary among
human populations [3]. Additionally, patients with reduced hepatic function or liver
diseases can also show variability in drug metabolism [4,5]. Primarily, the purpose of
the metabolism is to reduce the lipophilicity or increase the hydrophilicity of the drugs
so that, after eliciting the therapeutic activity, they can be excreted from the body. For
prodrugs, however, metabolism actually activates the drugs so that they can exhibit the
pharmacodynamic responses [6]. Several prodrugs that have no intrinsic activity before
metabolism are metabolized into active compounds showing intended pharmacodynamic
responses, e.g., diamorphine, codeine, enalapril, and levodopa [7]. Drug metabolism occurs
in three phases [8]. In phase I, a reactive group is introduced into the drug predominately
by different cytochrome P450s (CYPs) enzymes through various reactions such as oxidation,
reduction, and hydrolysis. During phase II, polar moieties such as glutathione, glucuronic
acid, acetic acid, sulfuric acid, etc. are conjugated to the drugs. Finally, in phase III,
transporters remove the drugs and their metabolites from the body.

The liver is the primary site of drug metabolism. Additionally, metabolism occurs
in the skin and gastrointestinal tract [9]. Performing drug metabolism in vitro has been a
keen interest of scientists for various reasons, including deciphering the metabolic routes,
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identification of metabolites, studying differences in metabolism between species, studying
toxicity, assessing for potential in-vivo study, etc. In-vitro drug metabolism can be per-
formed using cellular organelles such as liver slices or hepatocytes, subcellular fractions
such as S9, cytosolic or microsomal fractions, and metabolizing enzymes such as CYP
P450s [10]. Liver slices and hepatocytes mimic the in-vivo condition the most among
different approaches available for drug metabolism, but contain both phase I and phase II
drug metabolizing enzymes (DMEs) [11]. Three different fractions can be obtained from
liver slices or hepatocytes through differential centrifugation: S9, cytosolic, and microsomal
fractions. The S9 fraction contains both DMEs I and II, but the microsomal and cytosolic
fractions contain only DMEs I and DME II, respectively [10]. Use of a specific group of
enzymes, such as a specific CYP P450 variant or a flavin monooxygenase, necessitates that
the drug of interest is a substrate for that enzyme. In general, since phase I DMEs are
reported to activate prodrugs, they can be explored for drug metabolite profiling for activity
analysis. Drug metabolism has remained an active field of research in drug discovery and
development to identify and assess the metabolites for biological activity and to estimate
inter-patient variability in pharmacodynamic response, elimination, toxicity, and safety
profiling [12–14].

Among different approaches of drug discovery, drug repurposing (also known as drug
repositioning) is an expanding approach that involves exploring a novel clinical use of an
existing drug approved for a different disease indication [15]. It has become a common-
place to explore novel therapeutic activity of existing drugs for neglected diseases due to
reduced cost, effort, and time [16–20]. Drug repurposing can also facilitate identification
of a combinatory effect, mechanism of action, and new drug classes. We adopted a drug
repurposing approach to screen chemical libraries to explore antibacterial activities against
methicillin-resistant Staphylococcus aureus (MRSA) by a comparative screening of unmetabo-
lized (UM) and pre-metabolized (PM) by human liver microsome chemical libraries [21,22].
We performed microsomal metabolism to obtain phase I drug metabolites, as microsomes
contain the major phase I DMEs [23] and assessed them for improved activity in a whole-
cell-based fluorescence assay, as described in Ayon et al. [21]. The microsomes used in
this study were pooled from 50 donors, which is a good representation of the types of
variability expected among patients due to age, gender, ethnicity, and physiological con-
dition. However, a major bottleneck of this screening effort was the identification and
eradication of the microbial content from the microsomes without affecting their metabolic
capacity. There are established diagnostic protocols for microbial identification, including
Gram staining and biochemical testing, but they often lack accuracy in identifying the
genus and species of the strain and are time consuming. Use of probes, sequencing, and
mass spectrometry-based approaches has tremendously improved the accuracy and speed
of microbial identification [24]. Matrix-assisted laser desorption ionization time-of-flight
(MADLI-TOF) mass spectrometry uses proteomics workflow to identify microorganisms
based on signature proteins [25–28] and can accurately identify bacteria and yeast grown in
agar plates and from blood culture broths in a clinical setting [29]. In this work, we demon-
strated the identification of contaminating bacteria present in human liver microsomes
using MALDI-TOF mass spectrometry and ways to decontaminate them without affecting
the metabolic activity using various approaches.

2. Materials and Methods
2.1. General

Control CYP substrates included a panel of six standard drugs: phenacetin, tolbutamide,
dextromethorphan, coumarin, chlorzoxazone, and diclofenac, all of which were from Sigma-
Aldrich. Cation-adjusted Muller–Hinton (CAMH) broth and Leconostoc mesenteroids glucose-
6-phosphate dehydrogenase (G6PDH) were also from Sigma-Aldrich. Glucose-6-phosphate
(G6P) and β-nicotinamide adenine dinucleotide phosphate (NADP+) were from Alfa Aesar
(a division of Thermo Fisher Scientific). Sheep blood agar (SBA) plates were from Fisher
Scientific, SpectraTM MRSA plates were from Thermo Scientific, and Mannitol Salt Agar
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(MSA) plates were from Sigma-Aldrich. Petri dishes were from USA Scientific. Proteomics
based microbial identification was performed on a Bruker ultrafleXtreme MALDI-TOF/TOF
mass spectrometer, and LC-MS/MS based microsomal metabolic activity assessment was
performed on a Sciex QTrap mass spectrometer coupled to a Shimadzu HPLC system using
electrospray ionization (ESI). All other reagents used were from standard sources and were
reagent grade or better. The MRSA strain F–182 (ATCC 43300) was from American Type
Culture Collection (ATCC).

2.2. Initial Observation and Diagnosis of Microbial Content

During initial library screening, difference in turbidity was observed between microso-
mal treated (PM) and non-treated samples (UM) [30]. The MRSA stock was prepared from
a single colony of MRSA F–182 (ATCC 43300) grown in a CAMH agar plate containing
16 µg/mL cefoxitin. Briefly, a single colony was carefully selected using a sterile loop and
grown in 20 mL CAMH media overnight at 35 ◦C with shaking. The next day, the overnight
culture was used to start a secondary culture with freshly prepared CAMH media. The
secondary culture was grown until 0.6 OD, diluted 100 times, and 500 µL of aliquots were
prepared and stored in –80 ◦C. The culture was thawed and 50 µL was plated into a CAMH
agar plate, sheep blood agar plate, Spectra MRSA plates, and mannitol salt agar plates, in
duplicates. Similarly, 50 µL of microsomes were plated in those four different types of agar
plates. The plates were incubated in an inverted position overnight at 35 ◦C, and the next
day they were checked for growth and morphology. Gram staining and catalase testing
were performed according to the American Society for Microbiology protocol [31–33].

2.3. Identification of Contaminant Bacteria from Microsome Using MALDI-TOF/TOF

Identification of unknown microorganisms present in microsomes was carried out
on a MALDI-TOF/TOF mass spectrometer (Bruker ultrafleXtreme). Before analysis, the
MALDI target plate was cleaned according to manufacturer’s instructions. Bacterial test
standard (BTS) solution containing Escherichia coli was prepared by adding 1000 µL of
1:1 of water/acetonitrile with 0.25% trifluoroacetic acid and mixed with a pipette. The
BTS solution was then centrifuged at 13,000 rpm for 2 min and aliquoted, and kept at
−20 ◦C until it was used. The microbial sample was prepared according to manufacturer’s
instructions using both direct transfer of colony and extraction protocol [34–37] (Figure 1).
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For direct transfer, individual colonies were smeared onto a clean spot on a MALDI
target plate with 1 µL BTS. Once dried, 1 µL MALDI-matrix, α-cyano-4-hydroxycinnamic
acid (HCCA) solution was added onto the spots containing the sample, allowed to dry, and
then loaded onto the mass spectrometer for spectral acquisition. For organic extraction,
single colonies were picked up using a sterile 1 µL inoculation loop and were transferred
to sterile microcentrifuge tubes containing 300 µL of sterile water. A volume of 900 µL of
100% ethanol was then added to each tube and the contents were mixed well using a vortex
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mixer. The tubes were then centrifuged at 13,000 rpm for 2 min and the supernatants were
discarded. The step was repeated one more time for a second extraction. The tubes were
then air-dried for 5 min at room temperature inside a biosafety hood. To each of the dried
tubes, a 25-µL volume of 70% aqueous formic acid was then added, resuspended with
pipetting up and down, and then an additional 25 µL of 100% acetonitrile was added. The
samples were vortexed well and centrifuged at 13,000 rpm for 2 min. From each sample,
1 µL of supernatant was removed and deposited onto a MALDI target plate along with
1 µL of BTS, which was then air-dried, and then 1 µL HCCA was added. Upon drying,
the target plate was then inserted into the MALDI-TOF mass spectrometer for spectral
recording. Once the spectral recording was acquired, the BioTyper 3.1 software matched
the acquired spectrum against a database to provide the final identification result.

2.4. Approaches to Decontaminate Microsomes

In order to sterilize the microsomes, several approaches were attempted and evaluated.
We first attempted to sterilize the microsomes by exposing them to ultraviolet light [38]
for up to 120 min inside a biosafety level (BSL) 2 hood. At different time points under UV
exposure, 10 µL of microsomes were taken out and plated onto CAMH agar plates with
and without a panel of selective agents (NaCl, cefoxitin, polymyxin B, and ketoconazole) to
observe the effect of UV exposure on microsomal contamination.

We then performed thermal pasteurization [39], in which the microsomes were ex-
posed to 70 ◦C in a water bath for 30 min and checked for contamination by plating sample
onto CAMH agar plates. We also assessed various selective agents for MRSA, includ-
ing 3% NaCl [40], 8–16 µg/mL cefoxitin [41], 2 µg/mL polymyxin [42], and 1 µg/mL
ketoconazole [43]. Finally, we evaluated organic extraction and reconstitution with 100%
dimethyl sulfoxide (DMSO) to decontaminate the microsomes. Briefly, the PM plates post
metabolism were centrifuged at 4000× g for 30 min using a Sorvall RT6000 refrigerated
centrifuge at 4 ◦C, and the supernatants were transferred to fresh sterile cluster tube plates.
To the microsomal pellets were then added 200 µL of 100% DMSO, which were mixed with
a pipette and centrifuged again at 4000× g for 30 min, and then the resulting supernatant
was combined with the first supernatant. The combined supernatants were then frozen at
−80 ◦C and dried under a strong vacuum (<50 µmHg) in a Genevac Quatro centrifugal
concentrator. Finally, the dried library plates were reconstituted with 200 µL of 100% DMSO
to provide a 1 mM PM FDA working library [21] for screening.

2.5. LC-MS/MS-Based Analytical Method Development for Control CYP Substrates

Stock solutions of six standard CYP substrates at a concentration of 100 µM were pre-
pared in 10% acetonitrile with 0.1% formic acid and were used to tune various compound-
and source-dependent parameters (Table 1) using the automated quantitative optimization
wizard of Analyst 1.6.2 and a triple quadrupole mass spectrometer (Sciex QTrap 3200)
coupled with a Shimadzu HPLC.

Table 1. Compound- and source-dependent parameters for control CYP substrate analytical method
development a.

Control CYP
Substrate Q1 Q3 DP (V) EP (V) CEP (V) CE (V) Retention

Time (min)

Phenacetin 180.1 110.1 46 9.5 12 27 6.59
Tolbutamide 271.2 172.1 41 6.5 16 18 7.19

Dextromethorphan 272.2 213.1 61 7.5 16 35 5.96
Coumarin 147.1 103.1 46 3.0 13 23 6.90

Chlorzoxazone 168.1 132.1 −50 −11.5 −10 −28 6.87
Diclofenac 294.2 250.1 −25 −7.0 −14 −16 7.75

a Global method parameters: curtain gas (CUR): 20 (arbitrary unit), collision-associated dissociation (CAD): high,
source temperature (TEM): 300 ◦C, gas flow 1 (GS1): 50 (arbitrary unit), gas flow 2: 50 (arbitrary unit), ion spray
voltage (IS): 5500 for positive mode and −4500 for negative mode, collision cell exit potential (CXP): 4 V for
positive mode and −2 V for negative mode. DP—declustering potential, EP—entrance potential, CEP—collision
cell entry potential, CE—collision energy, V—voltage.
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The most intense Q3 fragments were selected for the final multiple reaction monitoring
(MRM) method [44]. Four of the control CYP substrates, phenacetin, tolbutamide, dex-
tromethorphan, and coumarin were detected in positive MRM mode (pH 2) (Figure 2a) and
the remaining two control CYP substrates, chlorzoxazone and diclofenac, were detected in
negative MRM mode (Figure 2b).
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mode, (b) negative mode.

For tracking the major metabolite formation for each control CYP substrate, MRM
channels were created based on the parameters for their parent drugs and included in
the developed positive and negative MRM methods. Precursor ion (Q1) masses for the
metabolites were added based on the major CYP reaction they undergo (Figure 3).

For example, tolbutamide (Figure 3b), coumarin (Figure 3d), chlorzoxazone (Figure 3e),
and diclofenac (Figure 3f), all undergo CYP-mediated hydroxylation [45] and their major
metabolite channel was included as Q1 = m/z of parent drug—proton + m/z of a hydroxyl
group, i.e., m/z of parent + 16. Phenacetin and dextromethorphan, on the contrary, undergo
CYP-mediated dealkylation [45], more specifically, deethylation (Figure 3a) and demethyla-
tion (Figure 3c), respectively; and their major metabolite channel was included as Q1 = m/z
of parent drug—m/z of an ethyl group + proton (m/z of parent — 28) and Q1 = m/z of
parent drug—m/z of a methyl group + proton (m/z of parent — 14), respectively. Selection
of fragment ion (Q3) masses for each of these metabolites was based on MS/MS fragmen-
tation of the counterpart parent ions. Water with formic acid and acetonitrile with 0.1%
formic acid were used as solvent A and B, respectively, in the following gradient: 5% B
(0–2 min), 5–95% B (2–10 min), 95–5% B (10–11 min) with 4 min post-equilibration for both
positive and negative mode detection with a 0.3 mL/min flow rate and a Kromasil C18
column (100 × 3.0 mm, 5-micron particle size).
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Figure 3. Microsomal (CYP-mediated) biotransformation of the control CYP substrates. Chemical
structure, compound name, exact mass (m/z), observed positively ([M+H]+) or negatively ([M−H]−)
charged species and major metabolites for (a) Phenacetin, (b) Tolbutamide, (c) Dextromethorphan,
(d) Coumarin, (e) Chlorzoxazone and (f) Diclofenac.

2.6. Time Kinetics Analysis of Drug Metabolism

The microsomal reaction buffer, consisting of 50 mM potassium phosphate (pH 7.4),
2 mM MgCl2, 4 mM G6P, 1 unit/mL of G6PDH, and 0.5 mg/mL of total microsomal protein
was used to evaluate the metabolic activity of the microsomes. A standard mixture of
control CYP substrates, at a concentration of 100 µM of each, was incubated with the
microsomal reaction buffer [21]. At different time points, 10 µL of the sample was taken
out, to which was added 90 µL of 10% acetonitrile with 0.1% formic acid. The samples were
analyzed in triplicate using the developed analytical methods in both positive and negative
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MRM mode. Rate and extent of metabolism were calculated using the following formula,
as discussed in Knights, K. M. et al. [23]:

% Parent compound depletion = 100 − (
peak area at t min
peak area at 0 min

× 100) (1)

Rate o f depletion (pmol/min/mg) =
(∆C × 1000)

B × T
(2)

where ∆C = [peak area at 0 min]—[peak area at t min], t = the time at which each observation
is made, B = microsome concentration (mg/mL), T = incubation time (min), and 1000 is the
conversion factor from nmol to pmol.

3. Results and Discussion
3.1. Initial Observation of Contamination in PM Library Plates

In our first set of screenings, we observed different types of turbidity in wells only in
the PM library plates (depicted in Figure 4).
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The control antibiotics panel, consisting of vancomycin, ampicillin, doxycycline, and
chloramphenicol showed activity; however, the z-score [46] was below 0.5 and the separa-
tion between the control antibiotics (known actives) and the control CYP substrates (known
inactives) was small [47] (data not shown).

3.2. Assessment of MRSA and Microsome Stock

Examination of our MRSA stock showed circular, convex, and golden-yellow-colored
colonies on the CAMH agar plate (Figure 5a).
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Figure 5. Assessment of MRSA and microsome using non-selective and selective solid nutrient media.
(a,e)—CAMH; (b,f)—SBA; (c,g)—Spectra MRSA; (d,h)—MSA plates for (a–d): MRSA; (e–h): U–1 and
U–2. U—contaminant microorganisms from microsome (unknowns).

On the contrary, microsome stocks exhibited the presence of two different types of
colonies, both of which were visually different from the MRSA stock (Figure 5e). MRSA
stocks exhibited what appeared to be β–hemolysis in SBA plates, represented by breakdown
of the hemoglobin of the red blood cells (Figure 5b) in the vicinity of a bacterial colony,
which is characteristic of some strains of MRSA [48]. MRSA stocks also exhibited blue
denim-colored colonies on Spectra MRSA plates (Figure 5c) and a change in color of the
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MSA plates from red to yellow (Figure 5d), both of which are characteristic and selective
patterns for MRSA growth [49,50]. The results from these non-selective and selective plates
confirmed the integrity and quality of the MRSA stock used in the screening. The two
unknown microsomal contaminants were labeled as U–1 and U–2, and on SBA plates they
exhibited β– and α–hemolysis [48], respectively (Figure 5f). Both U–1 and U–2 showed
negative results on Spectra MRSA (Figure 5g) and MSA (Figure 5h) plates, confirming that
the two unknown organisms were not MRSA [49,50]. Gram staining confirmed U–1 and
U–2 to be gram-negative bacteria, as they appeared pink, along with the control Escherichia
coli, whereas gram-positive bacteria (MRSA) appeared violet [32,51] (data not shown).
Catalase testing was negative for U–1 and positive for U–2 (Figure S1).

3.3. MALDI-TOF/TOF Identification of Contaminant Bacteria from Microsomes

Identification without organic extraction resulted in poor identification, with a low
BioTyper ID score. Organic extraction with ethanol yielded better results, with an excellent
BioTyper ID score, as listed in Table 2, whereas an ID score between 2.300 and 3.000
indicated a secure genus and highly probable species identification.

Table 2. Contaminant bacteria identified from microsomes by MALDI-TOF/TOF analysis and
associated BioTyper ID score.

Sample Identified Microorganism BioTyper ID Score

U–1 Stenotrophomonas maltophilia 2.395
U–2 Chryseobacterium inodologenes 2.556

Control
(Bacterial Test Standard) Escherichia coli 2.303

BioTyper ID score of 2.300–3.000 indicates secure genus and highly probable species identification, (Manufacturer’s
instructions: Bruker).

Escherichia coli was used as a control and identified with a BioTyper ID score of
2.303. U–1 and U–2 were identified as Stenotrophomonas maltophilia and Chryseobacterium
indolegenes, with BioTyper ID scores of 2.395 and 2.556, respectively. The ID score values
were excellent, according to the reference provided by the manufacturer (Table S1), which
confirmed accurate and confident identification of both contaminant bacteria present in
the microsomes.

3.4. Comparison and Correlation of MALDI-TOF/TOF Data with Biochemical Testing

MALDI-TOF/TOF analysis identified U–1 as Stenotrophomonas maltophilia, which is an
aerobic, motile, non-fermentative, gram-negative bacteria [52]. Previously, it was also known
as Pseudomonas maltophilia and Xanthomonas maltophilia. Although aerobic, it has been reported
to grow in the absence of oxygen by using nitrate as the terminal electron acceptor [53]. The
bacteria were circular in shape and colorless to opaque (Figure 5e). They exhibited what
appeared to be β-hemolysis on SBA plates (Figure 5f), no denim-blue characteristic pattern on
Spectra MRSA plates (Figure 5g), and no change in color of phenol red on MSA agar plate
(Figure 5h). Stenotrophomonas maltophilia are non-fermentative bacteria and are reported to
show β-hemolysis to no hemolysis depending on the strain [52,54]. Gram staining exhibited a
pink color due to entrapment of counter stain; safranin (data not shown) and catalase tests
were negative (Figure S1) [52].

U–2 was identified as Chryseobacterium indologenes by MALDI-TOF/TOF analysis and is
also a gram-negative bacterium. Chryseobacterium indologenes, formerly known as Flavobac-
terium indologenes, is anerobic, non-motile, and filamentous [55], which also explained
their survival during the processing, storage, and handling of microsomes Their colonies
appeared to be opaque (Figure 5e). They appeared to be non-hemolytic on SBA plates
(Figure 5f), exhibited no denim-blue color on Spectra MRSA plates (Figure 5g), and did not
change the color of phenol red on MSA plates (Figure 4h). Chryseobacterium indologenes is
non-fermentative [56], and is reported to exhibit no hemolysis of blood cells [57], which



Appl. Microbiol. 2023, 3 113

supports the findings observed from the selective agar plates. Gram staining exhibited a
pink color (data not shown) and catalase testing was positive (Figure S1) [56,57].

The observation of the biochemical tests and gram staining aligned well with the pub-
lished literature [52,54,56,57] and supports the MALDI-TOF/TOF-based identification of
both the contaminant bacteria present in the microsomes and their corresponding excellent
BioTyper ID scores. Both Stenotrophomonas maltophilia and Chryseobacterium indologenes are
gram-negative bacilli, the former is aerobic and motile, and the latter is anaerobic and
non-motile. Both of these bacteria are reported to be present in soil, aqueous environment,
plants, and most importantly, in catheters and endoscopes used in hospitals [55,58,59].
Although it varies with strains, both of these bacteria have the ability to form biofilms
on plastic and metal surfaces, and have resistance to a variety of antibiotics and heavy
metals [60,61], which might explain their presence in microsomes. As discussed earlier,
the microsomes used in this study were pooled, after death, from 50 different patients
of different ages, genders, and nationalities, many of whom had different underlying
physical conditions, as reported on the material safety datasheet. Both of these bacteria
are opportunistic nosocomial pathogens which can affect immune-compromised patients,
such as the elderly, or patients with other immunological disorders [62]. Contamination
of the liver microsomes might come from one infected liver or may be of a nosocomial
nature. It might also be possible for contamination to occur during preparation or han-
dling of the microsome, if aseptic conditions (e.g., sterile water, instruments etc.) were not
strictly maintained. Both of these bacteria have low pathogenesis but exhibit resistance to a
number of antibiotics [53,63]. Presence of unwanted microbes in microsomes can interfere
with antibacterial activity screening of drug metabolites if not properly removed from the
reaction mixture after the metabolism takes place.

3.5. Decontamination of Microsome

UV sterilization of the microsomes with 0–120 min of exposure did not yield much
improvement in decontamination of the microsomes (Figure S2a), but degraded the library
compounds, as observed, by no activity and higher minimum inhibitory concentrations
of known control antibiotics. However, in the presence of selective agents, contaminant
microsomal microbes disappeared within 60–120 min (Figure S2b). Pasteurization, on the
contrary, offered some advantages for sterilizing the microsomes. However, it was inconve-
nient to warm the PM library plates on a hot water bath, primarily because it was difficult
to avoid water getting inside the library plates, as exposing them directly to heat could
have degraded library compounds. Additionally, a large enough water bath to sterilize the
entirety of the PM library plates in a time-effective way was not feasible. Use of a panel of
selective agents consisting of NaCl, cefoxitin, polymyxin B, and ketoconazole also showed
removal of growths of Stenotrophomonas maltophilia and Chryseobacterium indologenes but was
not cost-effective, and displayed a complex combination effect with test compounds against
MRSA. However, using 100% DMSO resulted in total elimination of both contaminants
from microsomes post-metabolism (Figure S3). DMSO, like many other organic solvents,
has the ability to inhibit the growth of bacteria and/or kill them. Various studies suggest
that a 20% DMSO solution can completely kill various gram-positive and gram-negative
bacteria, including Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Bacillus
megaterium, Bacillus subtilis, Saccharomyces cerevisiae, Micrococcus species [64–66], etc. In ad-
dition, DMSO provides better long-term stability when compared to other organic solvents,
while ensuring solubility of a wide variety of compounds [67].

3.6. Evaluation of Microsomal Drug Metabolism

Chlorzoxazone and diclofenac showed better sensitivity in MRM-negative mode,
whereas the other four control CYP substrates, phenacetin, tolbutamide, dextromethorphan,
and coumarin, provided better sensitivity in MRM-positive mode. Time kinetics study, as
determined by the analytical LC-MS/MS method, showed almost complete metabolism of
coumarin and diclofenac within 10 h (Figure 6); however, other drugs showed a less exten-
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sive, i.e., slower, rate of metabolism. LC-MS/MS analysis also demonstrated formation of
the major metabolites for each control CYP substrate (Figure 6). Percent of drug metabo-
lized, and the rate of drug metabolism were calculated according to Equations (1) and (2),
as mentioned in the method section, and are listed in Table 3.
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Table 3. Extent and rate of metabolism for the control CYP substrates.

Control CYP Substrate % Metabolized Rate (pmol/mg/min) per µM of Substrate

Phenacetin 65.98% 6.4
Tolbutamide 51.55% 4.2

Dextromethorphan 54.59% 2.6
Coumarin 100% 6.7

Chlorzoxazone 60.05% 2.9
Diclofenac 95.42% 25.9

The rate of drug metabolism observed in our in vitro metabolism system was compa-
rable to the reported values, and indicated that extraction of the microsomal reaction of
the drug library using 100% DMSO decontaminated the microsomes and did not affect the
metabolism. It has been reported that organic solvent should be kept below 1% to have no
effect on metabolic capacity of human liver microsomes [68], which also varies with the
drug substrates, and a concentration of DMSO as low as 0.1% has been reported to show
a strong effect on phenacetin metabolism using human liver microsomes [69]. Therefore,
microsomal decontamination with DMSO could not be performed before the metabolism
reaction was undertaken for further downstream applications.

4. Conclusions

In our drug-repurposing attempt, we also evaluated microsomes from two additional
sources (Figure S4), all of which were pooled from 50+ donors and found to have the
presence of microorganisms, which implies that the microbes were most probably derived
from the donors’ bloodstream or their liver, and was not due to handling. Identified bacte-
ria have very similar characteristics, such as low pathogenesis, high resistance to various
antibiotics, and natural ubiquity, which can explain their presence in microsomal stock.
MALDI-TOF/TOF identification correlated strongly with biochemical approaches and pub-
lished literature, and exhibited the clinical application of mass spectrometry in microbial
diagnosis. Out of several approaches attempted for decontaminating the microsomes with-
out affecting their metabolic activity in a time- and cost-effective way, treatment with 100%
DMSO post-metabolism provided the best results. However, it is a common practice to use
an organic solvent post in vitro metabolism for further downstream application. If down-
stream application involves antimicrobial activity screening, then early steps need to be
taken to assess the quality of the microsomes and to sterilize microsomes without affecting
their metabolic capacity. Microsomal metabolic function was assessed using control CYP
substrate- and LC-MS/MS-based analytical methods and exhibited 50–100% metabolism
for the controls. In addition, use of 100% DMSO provided the identical condition to the orig-
inal library in which the drugs were dissolved. Use of DMSO as the decontaminating agent
was economical and convenient. This study demonstrates the use of traditional and mass
spectrometry-based approaches to identify unknown microorganisms, as well as the use of
DMSO to decontaminate microsomes without affecting their metabolic function, allowing
screening of the chemical library against MRSA post-metabolism, which can be helpful for
preventing new infections and the development of unknown microbial resistance.
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