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A B S T R A C T

Grb2 is an important regulator of normal vs. oncogenic cell signaling transduction. It plays a pivotal role on
kinase-mediated signaling transduction by linking Receptor Tyrosine kinases to Ras/MAPK pathway which is
known to bring oncogenic outcome. Coumarins are phenolic molecules found in several plants and seeds widely
studied because of the antibiotic, anti-inflammatory, anticoagulant, vasodilator, and anti-tumor properties.
Despite several studies about the anti-tumor properties of Coumarin in vivo and the role of Grb2 in signaling
pathways related to cell proliferation, a molecular level investigation of the interaction between Grb2 and
Coumarin is still missing. In this study, we performed a combined set of biophysical approaches to get insights on
the interaction between Grb2 in a dimer state and Coumarin. Our results showed that Coumarin interacts with
Grb2 dimer through its SH2 domain. The interaction is entropically driven, 1:1 molecular ratio and presents
equilibrium constant of 105 M�1. In fact, SH2 is a well-known domain and a versatile signaling module for drug
targeting which has been reported to bind compounds that block Ras activation in vivo. Despite we don't know the
biological role coming from interaction between Grb2-SH2 domain and Coumarin, it is clear that this molecule
could work in the same way as a SH2 domain inhibitor in order to block the link of Receptor Tyrosine kinases to
Ras/MAPK pathway.
1. Introduction

Growth factor receptor-bound protein 2 (Grb2) is an important
regulator of normal vs. oncogenic cell signaling transduction [1, 2, 3, 4].
It plays a pivotal role on Fibroblast Growth Factor Receptor 2 (FGFR2)
activity before extracellular stimuli by binding to it as a dimer to bring
together two FGFR2 molecules in order to form a tetrameric complex 2:2
which is inhibitory for FGFR2 [5]. It also is fundamental on
kinase-mediated signaling transduction by linking receptor tyrosine ki-
nases to Ras/MAPK (mitogen-activated protein kinase) pathway which is
known to bring oncogenic outcome. More recently, it was reported that
the equilibrium of Grb2 monomer-dimer is determinant to its normal
versus oncogenic function [6]. In that study, the authors state that Grb2
can only bind to the protein son-of-sevenless (SOS) and upregulate MAPK
signaling as a monomer, but inhibits the process as a dimer [6]. Grb2 has
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no intrinsically enzymatic activity and it is composed of a central Src
homology 2 (SH2) domain placed between two Src homology 3 (SH3)
domains [7]. The SH2 domain binds to specific phosphotyrosine con-
taining motifs on Receptor Tyrosine Kinases (RTKs) and auxiliary dock-
ing proteins [8, 9] like the insulin receptor substrates (IRSs) [5, 10, 11,
12]. On the other hand, SH3 domains are reported to recognize
proline-rich motifs on several proteins including FGFR2 [13], mamma-
lian homologue of the drosophila SOS upstream of the MAPK pathway, a
guanine nucleotide exchange factor (GEF) which acts on Ras, a GTPase
subfamily protein, which in turn triggers a MAP Kinase cascade and other
signaling pathways [5, 12, 14, 15]. Aberrancies in the FGFR2 and MAP
Kinase mediated signaling pathway are known to be involved in many
human developmental pathologies and several types of cancer [14, 15,
16]. The statement of Grb2 is a regulator of those important human
signaling pathways open up a new window for searching molecules with
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anti-tumor properties to be characterized the interaction with Grb2 as a
target protein involved in the growth of malignant cells [6].

There are several molecules with such intrinsic anti-tumor properties
[17, 18, 19, 20]; among those molecules, Coumarins represent an
important class of molecules that are easily found in vegetables, fruits,
seeds, nuts, coffee, tea and wine. Coumarin exhibits interesting phar-
macological properties that have been explored in many applications
such as: antibiotic, anti-inflammatory, anticoagulant, vasodilator,
anti-tumor among others [21]. The 1,2-benzopyrone is the structurally
simplest member of Coumarin family and it has been reported that the
treatment using this molecule showed decrease of metastatic renal car-
cinoma cells [22], prostatic carcinoma cells [23], breast cancer cells [24],
and lung carcinoma cells [25].

Despite several studies about the anti-tumor properties of Coumarin
and the role of Grb2 in signaling pathways related to cell proliferation, a
molecular level investigation of the interaction between Grb2 and
Coumarin is still missing. Here we present a study of the interaction
between Grb2 in a dimer state and Coumarin by combining a biophysical
multi-technique approach that includes Saturation Transfer Difference
through Nuclear Magnetic Resonance (STD-NMR) and fluorescence ex-
periments, molecular docking and molecular dynamics simulation. Our
analysis showed that Coumarin can interact in a hydrophobic cavity
placed at SH2 domain of Grb2 dimer (one per monomer). The role of this
interaction is still unknown but this pocket on Grb2-SH2 domain is
known to bind phosphorylated tyrosine residues on RTKs and their
auxiliary docking proteins. Consequently Coumarin could somehow
abrogate Grb2 interaction on cell signaling pathway mediated by RTKs in
order to inhibit them.

2. Results

2.1. Binding constant and thermodynamic profile

Decrease in the fluorescence intensity can occur by several mecha-
nisms, such as reactions with the excited state, molecular rearrangement,
energy transfer, ground state complex formation, and collisional
quenching [26]. The Fig. 1A shows the fluorescence emission spectra at
325 nm for Grb2 in a presence of Coumarin. Fluorescence intensity
Fig. 1. (A) Emission spectra of the fluorescence intensity of Grb2 in absence and pre
Scatchard plots for the fluorescence quenching of Grb2 by the Coumarin ligand at pH
constant for Grb2-Coumarin interaction was calculated to be on the order of 105 M�
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decreases while increasing Coumarin concentration in the solution,
suggesting this molecule affects the micro-environment of tryptophan
residues on Grb2 [26].

Grb2 concentration was set to 2 μM, which according to Lin and co-
authors [5], Grb2 takes a dimer form. The maximum emission wave-
length underwent a red shift up to 10 nmwith the increment of Coumarin
concentration. This red shift from 325 to 335 nm indicates that the po-
larity around the tryptophan residues involved in the interaction in-
creases, suggesting a conformational change induced by ligand binding
[26, 27]. Hence, these observations indicate that Coumarin interaction
may occur in a protein region containing one or more tryptophans
moderately exposed to the solvent. In order to determine the association
constant for the interaction between Coumarin and Grb2, it was supposed
as approach a model of two states as following [28, 29]:

Pf þLf → PL (1)

where Pf, Lf states for free protein and free ligand in the solution,
respectively, while PL states for bound protein. Assuming this model,
protein-ligand association constant was calculated according to the
following equation:

Kb ¼ ½PL��
Pf

��
Lf

� (2)

where [PL] states for concentration of the protein-ligand complex, [Pf]
and [Lf] states for free protein and free ligand concentrations in the so-
lution, respectively. Rewriting [PL] to be [Pb] (bound protein) and
assuming that one ligand can bind to n sites of the protein, 1L→ nPT (PT
states for total protein concentration in the solution), it can use Scatchard
equation [29] to determine Kb as following:

ðn� vÞKb ¼ v
�
Lf

� (3)

where v ¼ ½Pb �
½PT � is the bound protein fraction, n is the number of ligand per

protein and Kb is the association constant [30]. Scatchard plot is shown in
Fig. 1B where it is possible to see a linear behavior which is characteristic
for a non-cooperative binding process [26, 28]. Once Kb for each
sence of increasing amount of Coumarin concentrations (from 0 to 5.88 μM). (B)
8.0 and 291 (black square), 295 (red circle) and 299K (green triangle) where Kb
1 assuming a 1:1 stoichiometry (n).



Table 1
Binding and thermodynamic parameters obtained from Scatchard model and
van't Hoff analysis for the Grb2-Coumarin interaction at pH 8.0 and 291, 295,
and 299 K. This interaction is favorable, entropycally driven within a moderate
association constant (105 M�1) and the number of ligands by protein is equal to 1.
Those parameters suggest that hydrophobic effects are the major contribution on
the interaction of Grb2 and Coumarin.

T
(K)

Kb (105

M�1)
n ΔG

(kcal.mol�1)
ΔH
(kcal.mol�1)

TΔS
(kcal.mol�1)

291 1.7 1.0 -6.95 3.84 -10.8
295 1.8 1.1 -7.07 -10.9
299 2.1 1.2 -7.25 -11.1
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experimental temperature was obtained by Scatchard plot (Fig. 1B),
thermodynamic profile of the Grb2-Coumarin interaction could be
determined through the van't Hoff analysis (Fig. 2) by using the following
equation [26]:

�lnðKbÞ¼ΔH
RT

� ΔS
R

(4)

where R is the universal gas constant (R ¼ 1.98 cal.K�1mol�1), ΔH and
ΔS are the enthalpy and entropy changes, respectively. Results for as-
sociation constants, number of ligands per protein and thermodynamic
parameters of interaction can be found in Table 1.

Fluorescence quenching allows the verification of the binding forces
involved in protein-ligand interaction by monitoring changes of ther-
modynamic parameters (i.e., enthalpy change ΔH and entropy change
ΔS) [26, 31, 32].

Interaction between Grb2 dimer and Coumarin was found to be
favorable as Gibbs free energy decreases while increasing the experi-
mental temperature, and entropic driven as the term TΔS is the major
contribution in the thermodynamic profile of Grb2-Coumarin binding
(Fig. 2B). The stoichiometry was found to be 1:1 and the association
constants determined at three different temperatures were on the order
of 105 M�1, indicating a moderate interaction between Grb2 and
Coumarin (Table 1).

2.2. STD-NMR spectroscopy

STD-NMR (Saturation Transfer Difference based in Nuclear Magnetic
Resonance) is a powerful method for epitope mapping. This method
consists in the observation of the changes in saturation of ligand specif-
ically bound to the target protein, through the selective saturation of the
protein [33, 34, 35]. Hence, based on NOE (Nuclear Overhauser effect)
and changes in ligand resonance signals, STD-NMR technique allows the
study of protein-ligand interaction which dissociation constants (KD) are
in a range that goes from 10�8 M to 10�3 M. The main information ob-
tained from this technique is the ligand epitope interaction map that can
be calculated through STD amplification factor by using the Eq. (5) [35,
36, 37, 38].
Fig. 2. (A) Van't Hoff plot and (B) thermodynamic profile showing the interaction
counts unfavorable to the interaction (ΔH > 0). This behavior is frequently associate
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ASTD ¼ I � ISAT
I

½LT �
½P� ¼

ISTD
I

½LT �
½P� (5)
where I is the signal intensity after off-resonance saturation, ISAT is the
intensity of on-resonance saturated signal, ISTD signal is the difference I-
ISAT, [LT] is the ligand concentration and [P] the protein concentration.

The STD effect was verified through the intensity of each Coumarin
atom from the reference to difference spectra and the epitope mapping
was obtaining as proportional to the STD amplification factor. The
reference spectra and the difference spectra are shown in Fig. 3 in red and
blue, respectively, and the results thus obtained are shown in Table 2.

The assignment 1H NMR spectrum for Coumarin was done by
consulting the SDBS (Spectral Database for Organic Compounds) and can
be seen in the red spectrum (Fig. 3). From the epitope mapping it can be
observed that the Coumarin hydrogens are surrounded by amino acid
residues in the pocket of Grb2 protein when the interaction happens.
Another information obtained from this approach is the spatial orienta-
tion of Coumarin in the binding site which according to the epitope
mapping the hydrogens 5 and 8 are closer to the binding site in the
protein, whereas these protons received more saturation transfer
(Table 2). This result suggests that the benzene ring of Coumarin could be
buried in the protein binding site.
2.3. Molecular docking and molecular dynamics simulations

A combined analysis of fluorescence and NMR results revealed that
to be spontaneous (ΔG < 0) and entropically driven (TΔS > 0) while enthalpy
d to hydrophobic effects taking place as the major interaction mechanism [56].



Fig. 3. Reference 1H NMR of Coumarin (red) and ISTD spectra (blue). The signals in the ISTD due the saturation transfer from Grb2 to Coumarin reveals the interaction
between these molecules. The STD amplification factor indicates that Coumarin is surrounded by Grb2 amino acids residues, where hydrogen atoms 5 and 8 are
receiving the highest saturation transfer.

Table 2
Hydrogen position, 1D 1H-NMR Coumarin chemical shift, ISTD and STD ampli-
fication factor. It is shown that Coumarin interacts with Grb2 in a way that
hydrogen atoms 5 and 8 are the ones receiving more saturation transfer.

1H δ (ppm) ISTD ASTD

3 6.38 0.0925 24.79
4 7.9 0.0753 20.18
5 7.53 0.0952 25.51
6 7.28 0.0881 23.61
7 7.56 0.0855 22.91
8 7.31 0.1009 27.04
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Coumarin interacts with a hydrophobic region of Grb2 containing one or
more tryptophan residues. Thus, a search for the interacting region was
done through molecular docking. Initially, the four largest superficial
cavities were considered possible sites for this interaction and it was
performed with the protein in its dimeric form (Fig. 4A) in order to match
in vitro experimental insights with in silico calculations.

The search indicated four possible pockets for the ligand. However,
only one was suitable with the experimental results for the interaction
(Fig. 4B) located in SH2 domain of Grb2. Thus molecular docking cal-
culations were performed using the SH2 domain and directed to the
selected cavity. For statistical proposes 1500 poses were generated. The
most representative conformation was selected using AMBER Score En-
ergy and pose frequency [39] (Fig. 4C). Calculations were done consid-
ering the conformation with the lowest AMBER Score Binding Energy (as
reference value) and comparing the Root Mean Square Deviation (RMSD)
against all other structures. The RMSD measures the similarity between
two structures and indicated 92.8% of the selected conformations with
values between 0 and 1 Å (excellent agreement). Differences between 1
and 2 Å in the RMSD values were not found, 6%was found between 2 and
3 Å and only 1.2% of the values were superior to 3 Å (Fig. 5C). Those
results have shown a relationship between Coumarin accessibility to
different protein conformations and the interaction energy.

Since the molecular docking method used here is severely restrictive,
not allowing hydration effects or side chain/ligand accommodation, was
performed a molecular dynamics simulations by 20 ns using GROMACS
Package [40]. The trajectories obtained from MD simulations revealed
conformational changes in the protein surface, caused mainly by the
4

movements of the side chains of the residues Ser90, Ala115, Trp121 and
Arg142. These changes allow themigration of Coumarin to a more buried
region of the selected pocket, resulting in the stability of the hydrophobic
interaction.

Molecular dynamics trajectories from simulations were analyzed
considering the energy average of short-range interactions between the
protein and the ligand as comparison parameter, based on CHARMM27
force field [41]. The best conformations were selected using the lowest
value of Van der Waals energy (vdw). Then, to keep an accurate energetic
comparison, the complexed structure as separated in receptor and ligand,
and resubmitted to the entire docking process.

The analysis showed a final value of the interaction energy obtained
with AmberScore by DOCK6 of -20.62 kJ/mol. That is a lower energy
value when compared to the three previous energies obtained before
molecular dynamics (-13.10, -10.99, and 9.92 kJ/mol) presented in
Fig. 4. Also, a more detailed analysis of the docking region has indicated
Coumarin orients itself in a way that carbons are surrounded by the
hydrophobic residues in from Grb2-SH2 domain pocket while oxygen
atoms are faced to solvent (Fig. 5B).

The calculations indicated contacts between the Coumarin and the
residues Trp121, Val88, Phe108, Leu97, His135, and Val40 (Figs. 5B and
5D) using distances less than 4 Å as the criterion of analysis. A detailed
representation of the interactions can be visualized by using LIGPLOT
software [42] which has revealed these six amino acids residues inside
Grb2-SH2 domain pocket to hydrophobic interact with Coumarin. Ar-
rangements of Coumarin rings with the residues Trp121 and His135 have
shown a stacking-like interaction by PLIP calculations and it was
included in the figure. Further analysis was performed using the
MM-PBSAmethod [43] in which was identified the residues with highest
energy contribution to the protein-ligand interaction. The result is
corroborated with previous results of molecular docking, highlighting an
interaction with Trp121 (Fig. 5A). Additionally, two water molecules are
taking part in the interaction assembly by forming hydrogen bonds with
the oxygen bound in the carbonyl of Coumarin. This interaction was
calculated using the h_bond tool [44], resulting an average of 1.7
hydrogen bonds between ligand and waters during the entire trajectory.

3. Discussion

Grb2 is an important adaptor protein which is ubiquitously expressed



Fig. 4. (A) Ribbons representation of the dimeric structure of the Grb2 protein used for computational analysis (PDBid: 1GRI). Monomers are represented in ribbons
(left) and surface (right). They are distinguished in blue and gray for the chains A and B, respectively. (B) Surface representation of the Grb2 structure colored by
hydrophobicity in a blue to orange scale, rotated 180� vertically twice. The SH2 domain is highlighted and presented in 3 different poses. The combined analysis of
these initial attempts with the experimental results indicates only one region with reasonable accessibility, residues with similar hydrophobicity condition and
presence of a tryptophan. (C) Grb2-SH2 domain surface representation employed for molecular docking calculations. The tryptophan residue is highlighted in purple
and localized in the bottom of pocket (from this perspective view). This is the conformation used for Coumarin molecular docking calculations. Each pose obtained was
clustered according to its RMSD and separated into three different groups, showing that the group with the highest access number (92.8%) it is also the ensemble with
the lowest computational energies (around -13.10 kJ/mol).
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in eukaryotic cells. It is involved in many intracellular protein in-
teractions and readily detectable in malignant forms of breast, prostate,
and colon cancers, for example. Grb2 interacts as a dimer with FGFR2
kinase and regulates its activity before extracellular stimuli [5]. Also as a
dimer, it links Receptor Tyrosine Kinases signaling to Ras/MAPK
pathway and regulates MAPK pathway activity through its
monomer-dimer equilibrium [6]. On the other hand, Coumarins are a
class of molecules presenting anti-tumor properties [17, 18, 19] which
has shown efficiency on the treatment of several types of cancer cells
including prostatic and breast cancer [23, 24]. But there is also a lack of
information in a molecular level about them that could lead to a more
efficient drug development for cancer treatment if taking Grb2 as a
protein target. So, in order to characterize the interaction between Grb2
and Coumarin we have used a combination of experimental and
computational analysis which started with fluorescence spectroscopy as
following. Fluorescence quenching has shown the interaction between
Coumarin and Grb2 dimer to be moderate with binding constant on order
of 105M�1 and stoichiometry 1:1 according to Scatchard Model [29]. The
5

van't Hoff analysis have revealed interaction to be favorable as Gibbs free
energy changing supports that increasing in affinity and stability are both
directly proportional to the temperature increments. Raising the tem-
perature causes a decrease in the system micro-viscosity while increasing
the molecular collision due to faster diffusion which makes the interac-
tion favorable. The calculated values for ΔG < 0 are characteristic of a
spontaneous reaction while TΔS > 0 indicates that entropy drives the
interaction through hydrophobic effects (Fig. 2B).

The major contribution of entropy for ΔG occurs when water mole-
cules are released from the protein solvation layer during interaction or
due to protein conformational changes induced by the ligand [45]. The
hydrophobic nature of Coumarin molecule also corroborates with the
thermodynamic analysis. NMR-STD experiments confirmed interaction
between Coumarin and Grb2. By mapping the interaction epitopes for
Coumarin and Grb2, it gives us a clue of how Coumarin could dock on
Grb2 binding site (Fig. 3). According to that, Coumarin is surrounded by
amino acid residues during interaction with Grb2 dimer and the hydro-
gens 5 and 8 are receiving the highest saturation transfer (Fig. 5). Next



Fig. 5. Representation of the complex Grb2-Coumarin for the interaction in the Grb2-SH2 domain. (A) The upper graph is the RMSD of the protein (red) and the
protein complexed with Coumarin (black) using as reference the first frame of the simulation that is the lower energy structure acquired from molecular docking. The
bellow one is the energetic contribution for each residue calculated using the full molecular dynamics trajectory. For these calculations, we used the GROMACS
package tools g_rms and g_mmpbsa [40, 43]. (B) Three-dimensional representation using cartoons and traces of the interaction pocket. Molecular representations were
done using CHIMERA 1.7 suite [44]. (C) Grb2-SH2 domain surface representation colored by a hydrophobic scale from blue (lower) to orange (higher) with Coumarin
docked in the pocket. Coumarin was colored with carbon atoms in blue, oxygen atoms in red, and hydrogen atoms in white. Water molecules taking place in the
interactions are highlighted following the same patterns of nuclei. (D) Map of interactions of the complex Grb2-SH2-Coumarin. The map was obtained from two from
different programs: LigPlot and PLIP. The representation was generated using LigPlot and stacking type interactions calculated by PLIP were added.
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step was to employ computational simulations to determine the region on
Grb2 dimer surface where Coumarin could be interacting with. In order
to do that we search for a binding site which matches with experimental
information as following: binding site should be hydrophobic containing
one or more tryptophan residues in the bottom of it. Our computational
approach found the SH2 domain on Grb2 dimer surface to be the best
energy score for the interaction with Coumarin according to experi-
mental data (Fig. 4). The binding site found in this domain is formed by
hydrophobic residues and contains a tryptophan residue (Trp121) in the
bottom of this cavity so in agreement with experimental data. Other
places such as C-terminal Grb2-SH3 domain on the Grb2 dimer surface
and Grb2 dimer interface were found which Coumarin has docked during
the binding site computational search but none of than have totally
6

matched to experimental information either by missing a tryptophan
residue in cavity or by the hydrophilic nature of protein region. Besides,
even Coumarin being capable of interacting with Grb2 domains sepa-
rately (data not shown) by the same mechanism described here, our data
suggests that Coumarin only binds to SH2 domain of Grb2 in its dimer
form.

In fact, SH2 is a well-known domain and a versatile signaling module
for drug targeting which has been reported to bind compounds that block
Ras activation in vivo [46, 47, 48]. Despite we don't know the biological
role coming from interaction between Grb2-SH2 domain and Coumarin it
is clear that this molecule could work in the same way as SH2 domain
inhibitors [46, 47, 48, 49] in order to block the link for Ras/MAPK
signaling transduction as well. Lots of work still may be done to
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understand the molecular basis which leads to cancer out come and
exploring Grb2 biological role on all this process could be the way for
that and for more efficient drugs development against the disease.

4. Materials and methods

4.1. Grb2 expression and purification

Grb2 protein - 6x histidine tagged - was expressed in E. coli BL21
(DE3) Gold. A single colony was used to transform 10 mL of LB medium
which was grown for 15 h at 37 �C and shaking at 90 rpm. Then, this
culture was used to inoculate 490 mL of LB containing 50 μg/mL kana-
mycin and 5 μg/mL tetracycline. This bacterial culture was let to shake at
37 �C until the OD600 ¼ 0.6 being reached. After that, the temperature
was lowered to 20 �C and culture was let to temperature equilibrate
before induce expression by the addition of 0.4 mM IPTG. The culture
was allowed to grow for a further 12 h before harvesting by centrifuga-
tion at 4000�g. The cells were re-suspended in buffer 50 mM Tris-HCl
(pH 8.0) 300 mM NaCl, 1.0 mM β-mercaptoethanol (βME) in the pres-
ence protease inhibitors cocktail (Sigma Aldrich P2714-1BTL) and lysed
by sonication. Cell drebis were separated by centrifugation (20,000�g at
4 �C for 45 min) and the soluble fraction was applied in metal affinity
column IMAC HiTrap HP (GE Life Sciences) containing Co2þ ions.
Following 50 mL buffer wash Grb2 was eluted with 200 mM imidazole in
50 mM Tris-HCl (pH 8.0) with 100 mM NaCl and 1.0 mM βME. The
sample was concentrated to 1 mL and applied to a Superdex 75 10/300
(GE Life Sciences) gel filtration column in buffer containing 20 mM
NaH2PO4 (pH 8.0) with 50 mM NaCl. Sample purity was confirmed by
15% SDS-PAGE to be higher than 98%.

4.2. Stock solution

The Coumarin (Sigma Aldrich) (MM 146.14 g/mol) stock solution
was prepared in 90% (v/v) ethanol and kept on ice after that for up to 24
h before the interaction assays.

4.3. UV-Vis absorbance spectroscopy

UV-Vis measurements were performed on Thermo Scientific BIO-
MATE UV-Visible (Thermo Fisher Scientific) spectrophotometer equip-
ped with a quartz cell of 1.0 cm path length, scanning speed of 600 nm/
min, 1.0 nm of interval and spectral bandwidth of 2.0 nm. Spectra
acquisition were performed at room temperature. Sample stock concen-
trations were obtained using the extinction coefficient of 38.055 and
11.438 M�1cm�1 for Grb2 and Coumarin, respectively [50, 51].

4.4. Fluorescence spectroscopy

Steady-state fluorescence spectroscopy measurements were per-
formed on a spectrophotometer ISS PC1 (Champaign II, USA) equipped
with a quartz cell of 1.0 cm path length and Nestlab RTE-221 thermostat
bath (Thermo Electron Corporation, USA). Excitation wavelength at 290
nm was chosen since it provides excitation of tryptophan residues of
protein. Emission spectrum was collected in the range of 300–500 nm,
which was corrected for the background fluorescence of the buffer and
for inner filter effects [26]. In the fluorescence quenching experiments
performed at 291, 295, and 299 K, titrations were done by adding 2 μL
from ligand stock solution (202 μM) to 2 μM Grb2 solution (2 mL) in
buffer 20 mM NaH2PO4 (pH 8.0) with 50 mM NaCl. The final ligand
concentration achieved with titrations was 5.88μM and the final ethanol
concentration was 3% (v/v).

4.5. NMR spectroscopy

NMR experiments were performed on a Bruker Avance III 600.13
MHz equipped with a triple resonance 5 mm cryoprobe, having the
7

pulse field gradient along the z axis. All data was analyzed with Bruker
Topspin v3.2. Protein solution (5 μM of Grb2 in 20 mM NaH2PO4
buffer at pH 8.0, containing 50 mM NaCl) was used for determining
the best saturation condition. It was tested at different on-resonance
frequencies at -0.5, -1.0, and -1.5 ppm, keeping the off-resonance
frequency at 20 ppm. Protein saturation time was reached at 3 s and
recycle delay at 2 s. A total of 10 k scans were collected with 4 dummy
scans. Saturation power was set to 1 ms and spinlock filter of 0.776 W
was set to 1 ms at 288 K. When Coumarin was added to the system a
spin lock filter of 30 ms was set for protein signals suppression. It was
used 1.34 mM of Coumarin solubilized in ethanol-d6 CD3CD2OD
(Sigma 186414).
4.6. Molecular docking and molecular dynamics simulations

Molecular docking simulations of Grb2-Coumarin complex were
performed employing the tridimensional information deposited in the
Protein Data Bank [52] (PDBid.: 1GRI) and the tridimensional struc-
ture of Coumarin from Compound Identification number (CID.: 323).
Ligand and receptor were prepared using UCSF Chimera 1.7 [44].
Molecular docking calculations were done using UCSF Dock 6.7
package [53]. Protein cavities were identified using SPGHEN tool
included in UCSF DOCK package. Throughout the docking process, the
receptor Grb2 was set as rigid and the ligand as flexible initially (GRID
Score step), followed by ligand and interaction receptor region flexible
(AMBER rescoring). The grid box used for the ligand was divided in
bins of 0.2 Å and the distance tolerance for matching ligand atoms to
receptor was set to 0.75 Å. Computational docking calculation
employed “anchor and grow” algorithm [54]. The first step of mo-
lecular docking was evaluated with single grid energy (SGE) score
function composed by the van der Waals and the electrostatic inter-
action terms, also identified as Grid Score step. Then, a rescoring
ranking was applied to the conformations obtained from SGE through
Amber Score Binding Energy (ASBE). The calculation uses Ecomplex ¼
Ebinding - (Ereceptor - Eligand), where Ecomplex, Ereceptor, and Eligand are
energies approximated by the Amber force field with MM-GB/SA
method [53]. During this step small accommodations are allowed
due the receptor and ligand flexibility.

Refinements of the Grb2-Coumarin complex were simulated through
molecular dynamics, using as initial structure the conformation with the
lowest AMBER score. The simulations were carried out using GROMACS
package version 4.5.5 [40]. It was employed the force field CHARMM27
[41] with the standard set up for the protein residues and TIP3P water
model. The ligand parameterization was performed using the webserver
Swiss-param from Swiss Institute of Bioinformatics [55]. The MD mini-
mization was done using 50000 steepest-descent steps and 5000 conju-
gate gradient steps, both without position restraints. The equilibration
was performed in two steps with 100 ps, initially with and followed
without position restrictions for the protein and ligand atoms. Initial
atom velocities were based on Maxwell-Boltzmann distribution and the
MD simulations for 20 ns with an integration step of 2 fs at 295 K, salt
concentration of 0.15 M and 1 atm. The trajectory positions and energies
were recorded each 100 ps. The simulation was performed using the
Parrinello-Rahman barostat, Berendsen thermostat, the LYNCS method
was used to constrain all hydrogen bonds and the simulation box was
built with the edges of the box 10Å from the protein surface with Periodic
Boundary Conditions (PBC). MD analyses were done using tools available
in GROMACS package [40]. The conformation with the lowest energy of
short range binding during all molecular dynamic simulation was
selected, being considered the most probable conformation for the
complex Grb2dimeric-Coumarin. Since molecular simulations and docking
calculations employs different energy expressions, the conformation with
the lowest energy from simulations was submitted to a complete mo-
lecular docking procedure (SGE and ASBE), providing comparable
energies.
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