® | abel-free profiling of fatty acid synthase inhibitors
using a mechanistic cell-based MALDI-TOF mass
spectrometry cell assay

With the availability of Bruker’s rapifleX MALDI pharma pulse for very fast
matrix-assisted laser desorption/ionization (MALDI) time-of-flight (TOF) mass
spectrometry (MS), MALDI-TOF MS has pushed into the field of label-free
high-throughput screening in drug discovery.

Abstract

Beyond  biochemical in-vitro
assays, also phenotypic cell-
based MALDI MS assays for
compound profiling have been
described recently. Here we

Authors: David Weigt', Sandra Schulz', Carsten Hopf';

present a mechanistic cell-based
MALDI-TOF MS assay for the
discovery of fatty acid synthase
(FASN) inhibitors. Fatty acid
synthase is a central enzyme
in cellular metabolism and prolife-
ration and its dysregulation has
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been linked to severe diseases.
Using malonyl-CoA as a FASN
specific substrate, we characterize
the potency of several inhibitors
described in literature.
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Introduction

High throughput capable MALDI-TOF
MS has become an emerging analy-
tical tool in drug discovery and profiling
in recent years. Mass spectrometry
is a label-free technology and does,
therefore, not require cost-intense
reagents such as fluorophores or
antibodies and comes along without
photonic artefacts like quenching,
autofluorescence or spectral overlap.
MALDI-TOF MS has been used as
a cost effective and robust read-out
for several biochemical assays in
drug discovery in industrial settings
[1-3]. Recently, a MALDI-TOF MS
cell-based assay has been estab-
lished to derive potencies of BCR-Abl
inhibitors using heme B as phenotypic,

metabolite marker for erythroid
differentiation of Kb62 leukemia
cells [4].

Here, we describe a mechanistic
cell-based assay that monitors
inhibition of the fatty acid synthase
(FASN) directly in whole cells using
the enzyme specific metabolite
malonyl-CoA as FASN reaction read-
out. The FASN is a multidomain
enzyme that catalyzes the de-novo
formation of the fatty acid palmitate
by linking malonyl-CoA in an iterative
cycle to acetyl-CoA. A variety of
diseases are associated with a
dysregulation of the lipid metabolism
including diabetes, cardiovascular
diseases and cancer [5]. Screening of
published FASN inhibitors has mainly
been performed using biochemical
in-vitro assays which require large
amounts of recombinantly purified
FASN but cannot account for mem-
brane permeability of the identified
hits. We use a label-free MALDI-TOF
MS assay with semi-automated

Table 1: Sample preparation and measurement parameters

HTX TM sprayer conditions

MALDI Matrix

20 mg/mL 2,5-Dihydroxy benzoic acid (DHB) in ACN/water (1:1 v/v)

supplemented with 2.5 % TFA

Temperature 50°C
Solvent flow rate 60 uL/min
Nozzle velocity 1000 mm/min
Line distance 2mm

Number of passes 4

MS conditions rapifleX MALDI-TOF

Mass range 500-1000 Da
lon mode Reflector positive
Laser frequency 2 kHz

Laser focus MS thin layer

Accumulated laser shots

Sampling rate 2.5GS/s

4000 in random walk

MS conditions solariX MRMS

Mass range 150-5000 Da
lon mode Reflector positive
Laser frequency 1 kHz

Laser focus Minimum
Accumulated laser shots 100

Scans 15

Transient length 1.47s

sample preparation, data acquisition
and data analysis for the comparison
of potencies of several inhibitors
described in the literature.

Methods

A549 cells were cultured in RPMI-
1640 medium supplemented with
10 % FCS and 2 mM L-Glutamine. For
the drug response assay, cells were
seeded in 96-well plates at a density
of 0.1*¥10% cells per mL. After 16
hours, cells were treated with either
GSK2194069, GSK837149A, Orlistat
or the vehicle control DMSO for
24 hours. Cells were then harvested by
centrifugation at 800 rpm, aspiration
of the supernatant and snap-freezing
of the 96-well plate in liquid
nitrogen. Cells were resuspended
at 2,500 cells/uL in ddH,O supple-
mented with 5 uM malonyl-*C_-CoA
as internal standard and two uL from
each well were transferred toa MALDI
steel target in 384-format in four
technical replicates. For this study, four
biological replicates were assessed.
Multiple assay steps have been
automated including compound
addition to the assay plate, sample
resuspension and transfer of resus-
pended treated cells to the MALDI
target by using a CyBio FeliX auto-
mated liquid handling robot (Analy-
tik Jena AG, Germany) to enhance
assay speed and reproducibility.

For MALDI-TOF MS, the target plate
was spray-coated with DHB matrix
usinga TM-sprayer (HT X Technologies
LLC, Chapel Hill, NC, USA). The
sample plate was subsequently
measured on a rapifleX MALDI-TOF
mass spectrometer (Bruker Daltonics).
For detailed method parameters see
Table 1.

Signal validation was performed on
a solariX XR 7T MALDI magnetic
resonance  mass  spectrometer
(MRMS; Bruker Daltonics).



After recalibration in flexAnalysis 4.0,
spectra were processed and ana-
lyzed as described previously [4].
The entire MALDI-TOF workflow,
including data acquisition, processing,
quantitative MS feature extraction
and result file generation, however,
can also be controlled by Bruker’s
dedicated MALDI  PharmaPulse
software, which provides significant
efficiency increases in MALDI-TOF

based high-throughput screening
applications.  Malonyl-CoA  signal
intensities of technical replicates

were averaged and the fold change
to the vehicle control was calculated.
The data was subsequently fitted

to a non-linear regression dose-
response model with variable slope
using GraphPad Prism 5 (GraphPad
Software, San Diego, USA).

Results and Discussion

The FASN is a relevant drug target
since its dysregulation is associated
with  several severe diseases.
However, assays described in the
literature rely on error prone fluores-
cent read-outs, require large amounts
of recombinantly purified proteins and
demand for extensive hit validation
due to the biochemical in-vitro nature
of the assay. Therefore, we decided

to develop a label-free cell-based
assay with a high degree of assay
automation and high-speed sample
measurement (Figure 1). Automation
steps included compound treatment
of cultured cells, sample resuspen-
sion and application to 384 well
MALDI target plates using a CyBio
Felix automated pipetting platform
in order to reduce technical variation.
Resuspension of samplesinasolution
containing  malonyl-13C3-CoA as
internal standard further enhanced
reproducibility of the assay.

The compound GSK2194069 was
described as a highly selective

Cell seeding and cultivation Automated drug addition ceMas C
Center for Mass Spectrometry
and Optical Spectroscopy
Drug incubation Aspiration of culture medium Automated cell transfer to
and snap-freezing 384-well MALDI plate”
*© Analytik Jena AG
Automated MALDI Sample measurement
matrix deposition on rapifleX

Figure 1: Sample preparation workflow for the FASN inhibitor assay
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Figure 2: MALDI-TOF MS and MRMS spectra showing the specificity of the malonyl-CoA peak. @ Ab49 cells were treated with either GSK2194069
(red spectra) or vehicle (green spectra) and analyzed using a rapifleX MALDI-TOF MS@ or a solariX MALDI-FT-ICR . @ MALDI-TOF spectra of A549 cells
treated with various concentrations of GSK2194069 and normalized to the internal standard malonyl-*C -CoA.

FASN inhibitor and was therefore
used as a tool compound for assay
development. Upon treatment of
the AB49 cells with GSK2194069, a
striking increase of the endogenous
malonyl-CoA signal was detected
(Figure 2A). Malonyl-CoA signal
validation was carried out on a solariX
7T MALDI-FT-ICR with a high mass
resolution, which confirmed the
sum formula of malonyl-CoA
(C,,HN,O,,P.S) and the absence of
any interfering signals (Figure 2B).
Additionally, the signal intensity of
the malonyl-CoA exposed a striking
dependency on the administered
inhibitor concentration (Figure 2C)
making the FASN specific substrate

therefore a suitable pharmaco-
dynamic response read-out for this
inhibitor assay.

Next, the concentration response
marker malonyl-CoA was used to
compare the potency of several
inhibitors described in the literature
(Figure 3). Besides GSK2194069,
Orlistat and GSK837149A were used
for the profiling experiment. Orlistat
has been described as ‘“rather
selective” inhibitor of the FASN [6].
GSK837149A was a screening hit
which exposed micromolar inhibitory
activity in a biochemical in-vitro screen
against the purified, recombinant
FASN [7]. However, the compound

was suspected to expose impaired
membrane permeability.

Our compound profiling confirmed
the strong potency of GSK2194069
with a micromolar IC50 (pIC50 =
7.6 £ 0.1). Also for the less selec-
tive compound Orlistat a moderate
accumulation of malonyl-CoA (pIC50
=5.4 £ 0.1) was observed, confirming
that Orlistat indeed inhibits the FASN.
GSK837149A did not expose any
inhibitory activity in our cell-based
assay. This supports the hypothesis
that the compound cannot pass the
cellular membrane and also highlights
the strength of cell-based compared
to biochemical assays.
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Figure 3: Quantitative MALDI MS comparison of dose responses in A549 cells.

Conclusions

The reproducible detection of malonyl-CoA as a metabolite marker for FASN enzyme inhibition highlights the
feasibility of mechanistic cell-based MALDI-TOF MS assays.

MALDI-TOF MS assays are easily automatable using liquid handling platforms since no sample cleanup is
required.

The rapifleX MALDI-TOF MS allows for robust drug profiling and discovery at high speed.
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You are looking for further Information?
Check out the link or scan the QR code for more details.

www.bruker.com/rapiflex
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