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Abstract 2,4-Dinitrophenol’s (2,4-DNP) effect on synthetic membrane proteins was investigated to test if it is selective to
cancer-mimic synthetic cell membranes, which are more bountiful in phosphatidylserine (PS) lipids compared to normal cells
that have much more phosphatidylcholine (PC) lipids. Three undergraduate students prepared the untreated synthetic
membranes and incorporated 2,4-DNP into a second set of treated samples. Students analysed the samples via solid-state 31P
NMR. The results indicate that 2,4-DNP breaks down 1-palmitoyl-2-oleoyl-sn-glycero-3-[phospho-L-serine] (POPS)
synthetic membranes, but not 1-palmitoyl-2-oleoyl -sn-glycero-3-phosphocholine (POPC) membranes that mimic the normal
cell membrane composition. The 31P NMR spectrum of the head groups of the membrane suggests that the 2,4-DNP is
disturbing the multilamellar vesicles (MLVs) and forming small micelles only in the POPS synthetic membranes.
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1. Introduction

(PS) lipids while normal cells contain more
phosphatidylcholine (PC) lipids [1]. The chemical structures
of the lipids used in this study are shown in Figure 1. The
2,4-DNP (Figure 1) has never been tested against synthetic
membranes or multilamellar vesicles (MLVs) that resemble
the cancer cells (POPS-lipid predominant) or the normal
cells (POPC-lipid predominant). This is a cost-effective
experiment and the results are promising. One of our
undergraduate students is considering going to graduate
school to further investigate 2,4-DNP as a potential moiety
that can be added to a pro-drug that selectively targets the
cancer cell. A similar approach was used to test SapC-DOPS
Nanovesicles in real pancreatic cancer cell lines as a
selective potential treatment of the pancreatic cancer patients
[1].

2. Experimental
2.1. Instrumentation and Materials
Figure 1. The Phosphatidylcholine (POPC) chemical structure compared
to Phosphatidylserine (POPS) lipids is shown in the first two panels. The
chemical structure of 2,4-Dintrophenol (2,4-DNP) is shown in the last panel

Some membranes of cancer cells, such as pancreatic
cancer, have been found to contain more phosphatidylserine
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All synthetic phospholipids such as 1-palmitoyl-2-oleoyl
-sn-glycero-3-phosphocholine (POPC);1-palmitoyl-2-oleoyl
-sn-glycero-3-[phospho-L-serine] (POPS) were purchased
from Avati Polar Lipids (Alabaster, AL). The phospholipids
were dissolved in chloroform and stored at −20°C; N-[2- hyd
roxyethyl] piperazine-N′-2-ethane sulfonic acid (HEPES),
2,4-Dinitrophenol and EDTA were obtained from Sigma
-Aldrich (St. Louis, MO). 31P NMR spectra were recorded
on a Bruker Avance 600-MHz WB solid-state NMR
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spectrometer (Bruker, Billerica, MA). The 31P NMR spectra
were recorded with 1H decoupling using a solid-state NMP
probe. For the 31P NMR spectra, 512 scans were taken and
the free induction delay was processed using 100 Hz of line
broadening. The spectral width was set to 300 ppm. All 31P
NMR spectra were referenced by assigning the 85% H3PO4
31
P peak to 0 ppm. The data analysis was done using
Bruker’s Topspin® software.
2.2. Sample Preparation
To make multilamellar vesicles (MLVs), 40mg of the
POPC or POPS lipid from Avanti was added to pear-shaped
flasks. Then, 10 μL of the 2,4-DNP solution (20mg/ml) was
added to a set of treated samples to form 2 mol% of 2,4-DNP
in lipids. The untreated set of samples were left without
adding any additional chemical and it has 0 mol% 2,4-DNP
in lipids. All of the samples were dried using N2 gas. After
the drying, the samples were left in a desiccator overnight.
The next day, 85μL of HEPES buffer was added to each
sample. The samples were then heated in a water bath with
slight agitation to avoid frothing of suspension. The samples
were transferred to NMR tubes in preparation for the static
31
P NMR spectroscopy using the parameters reported
previously [2, 3]. The multilamellar vesicles (MLVs) are
made of bilayers that are relatively big and when disturbed
by a toxin or a chemical that interfere with the MLV
structure, it will breakdown to form a small size micelles.

Figure 2. The multilamellar vesicles (MLV), lipid bilayer and Micelles
structures

3. Results and Discussion
The line-shapes of the static 31P NMR spectra have been
used to investigate the perturbation effect induced by
proteins or drugs on phospholipids [1-13]. In this report, the
static 31P NMR spectra of both POPC and POPS lipid
bilayers prepared in the absence and presence of 2 mol %
2,4-DNP at 25°C are shown in Fig. 3. At room temperature,
the motionally averaged powder pattern spectra are
characteristic of MLVs in the liquid crystalline phase (Lα)

and are expected for POPC and POPS bilayers at a
temperature well above the different chain melting point
transition temperatures (Tm). The Tm values are −2 and 14°C
for POPC and POPS, respectively [13]. As we reported
previously, POPS and POPC control samples (Fig. 3, A and
C), the phospholipid molecules in the MLVs can be
characterized by an axially symmetric motion with fast
reorientation about the long molecular axis (gives the sharp
peak at the σ-perpendicular (σ⊥) edge) and a slower
reorientation rate perpendicular to that same axis [13]
Conversely, the POPS MLVs containing 2 mol% 2,4-DNP
(Fig. 3 D) has a sharp 31P isotropic line-shape component
compared with the pure POPS MLVs (Fig. 3 C). This
indicates that the axially symmetric motion of the
phospholipids has been altered upon 2,4-DNP incorporation
[13]. The 31P line-shape indicate that the phospholipid head
groups are only perturbed by the incorporation of 2,4-DNP
into POPS bilayers (Figure 3 D) and not into the POPC lipids
(Figure 3 B). Additionally, the presence of the 31P NMR
isotropic peak in Figure 1D suggests that the 2,4-DNP is
disturbing the POPS membranes (similar to those in cancer
cells) and forming smaller components such as micelles that
has faster motions compared to MLVs [13]. The 2,4-DNP
seems to not affect the POPC synthetic membranes (similar
to those in normal cells).

Figure 3. 31P Solid-state NMR spectra of the MLVs of the synthetic
membranes with and without 2,4-DNP treatment. The 31P chemical shift in
panels (A and C) is not shown as it is in a similar scale to panels (B & D)

A Plausible mechanism by which 2,4-DNP effects the
POPS MLVs is shown in Figure 4. The 2,4-DNP disturbs
the larger MLV and, as a result, small structures such as
micelles may leave the MLV.

4. Conclusions
The proposed effect on 2,4-DNP on POPS MLVs is shown
in figure 4. Our data suggests that the 2,4-DNP is a
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promising toxin and it could be connected to a sugar
component to form a prodrug that could have a potential
anticancer activity. We plan to synthesize the prodrug on a
scale large enough to repeat the NMR experiments using the
prodrug instead of the isolated 2,4-DNP in our future studies.
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Figure 4. A proposed mechanism of 2,4-DNP effect on POPS MLVs
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