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Abstract The fat mass and obesity associated protein (FTO)
is a potential target for anti-obesity medicines. In this paper,
we have synthesized two potential inhibitors for FTO, three-
member-ring compound (W3) and four-member-ring com-
pound (W4). The interactions of fat mass and obesity-
associated (FTO) protein with W3 (or W4) have been studied
by spectral method. Results show the intrinsic fluorescence is
quenched by the W3 (or W4). The thermodynamics parame-
ters indicate hydrophobic interaction play a major role in the
interactions. The results of synchronous fluorescence spectra
demonstrate that the microenvironments of Trp residue of
FTO are disturbed by W3 and W4. Results showed that W3

are stronger quenchers and bind to FTO with the higher affin-
ity thanW4. The influence of molecular structure on the bind-
ing aspects has been investigated.
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Introduction

The fat mass and obesity-associated (FTO) gene was placed
center stage when common intronic variants within the gene

were robustly associated with human obesity. FTO protein has
been demonstrated to influence human obesity and energy
utilization in up to half the world’s population. Murine models
of perturbed FTO expression have shown effects on body
weight and composition [1]. FTO protein, belonging to the
Fe(II) and 2-oxoglutarate (2OG)-dependent oxygenase family,
is an N-methyl nucleic acid demethylase acting on both
single-stranded DNA and RNA substrates. In addition, it is
reported that FTO involved in various disease, such as obesity,
cardiovascular diseases, type II diabetes, heart disease and so
on [2–4]. The recently reported crystal structure of FTO has
offered insights into cofactors and substrate binding sites. Tak-
en together with the extensive structural and mechanistic stud-
ies of AlkB family proteins, these studies enable the rational
design and development of inhibitors targeting RNA
demethylases [2]. There is an unmet medical need for
new approaches to treating obesity. How the modulation
of nucleic acid methylation status by FTO relates to
increased body mass has remained elusive. Possible
mechanisms and potential FTO inhibitors have been re-
ported recently [3, 4].

Three-member-ring compounds (W3) and four-member-
ring compounds (W4) has been obtained in our lab as shown
in Fig. 1. Recently our experimental results indicate that W4

may be potential inhibitors for FTO [5].
Drug-protein interaction may also have an influence on the

structure of the protein. Thus, the study on the interactions of
ligands with proteins is important in understanding the action
of these molecules in the body [6]. The nature and magnitude
of drug-protein interaction significantly influences the biolog-
ical activity of the drug. Several analytical methods have been
used to qualitatively and quantitatively study the bind-
ing of ligands to protein [7–11]. Fluorescence tech-
niques are great aids in the study of interactions be-
tween drugs and proteins because of the high sensitivity,
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rapidity, and ease of implementation. The techniques
both offer qualitative insight into interactions and pro-
vide estimated binding constants that agree with those
obtained by established methods [12].

FTO contains tyrosine (Tyr) and tryptophan (Trp) residues
[4, 13]. The presence of tryptophan residues offers an advan-
tage to studying the ligand binding process using fluorescence
spectroscopy [14]. The interactions between drugs and protein
can been studied by fluorescence spectroscopy [15–19].
Therefore, the association behaviors between the synthesized
compounds (W3 and W4) and FTO were investigated by
spectroflourimetric method for the first time.

In the present study, the association behaviors between
FTO and W3 (or W4) were investigated by spectroscopic
methods. An important aspect of this study was to gain insight
into the structural changes of FTO induced allosterically by
W3 (or W4) binding. The microenvironments of Trp residue
of FTO were disturbed by W3 (or W4). These results will be
helpful in understanding the interactions between FTO and the
synthesized compounds.

Experimental Section

Materials

FTO were provided from Prof. Jijie Chai (Tsinghua Universi-
ty). FTO stock solutions were prepared in 10 mM Tris–HCl
buffer, pH 7.4. All chemicals were of analytical grade and
were used without further purification. Double distilled water
was used throughout the experiment. W3 and W4 were syn-
thesized in our lab [5], and their molecular structures were
shown in Fig. 1. Stock solutions (4.0×10−3 M) were prepared
in ethanol.

Apparatus

Absorption spectra were acquired in an Agilent 8453 UV-
visible spectrophotometer. Steady-state fuorescence spectra
were acquired on a F-4600 spectrofuorometer (HITACHI, Ja-
pan). The pH values were measured by a pH-3 digital pH-
meter (Lei Ci, Shanghai) with a combined glass electrode.
For steady-state fuorescence spectra experiments, the excita-
tion wavelength was 285 nm, and the emission was monitored
from 295 to 500 nm (1 nm increments). The excitation and

emission monochromator slit widths were 5 nm and were held
constant during all experiment.

Spectroflourimetric Experiments

In experiments, FTO concentration was fixed at 15 μMwhile
varying W3 (or W4) concentrations in the range of 10.0–
230.0 μM in a total volume of 3.0 mL. After an incubation
of 10 min in water bath, fluorescence spectra were recorded in
the same way as described above. To study the effect of tem-
perature on the W3 (or W4)−FTO interaction, experiments
were carried out at three different temperatures, viz. 16 °C,
27 °C and 35 °C. The fluorescence intensity was recorded
after an equilibration of 10 min at each temperature.

W3 W4

I I

Fig. 1 The molecular structures ofW3 and W4
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Fig. 2 The fluorescence spectra of FTO (1.5×10−5 M), W3 (2.0×
10−4 M) and W4 (2.0×10

−4 M) in 10 mM Tris–HCl pH=7.40. W3 and
W4 do not show any appreciable fluorescence at an excitation wavelength
of 285 nm
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Fig. 3 The influence of ethanol on the FTO fluorescence in 10mMTris–
HCl pH=7.40 at an excitation wavelength of 285 nm. FTO solution was
mixed with ethanol instead ofW3 (orW4)
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Synchronous fluorescence spectra of the protein samples
were obtained in the wavelength range of 260–360 nm and
280–400 nm for the difference between excitation and emis-
sion wavelengths (Δλ) of 15 and 60 nm, respectively.

Results and Discussion

Fluorescence Spectra of W3 and W4

The fluorescence spectra ofW3, W4 and FTO were shown in
Fig. 2. The solution of W3 and W4 were nonfluorescence.
FTO exhibited strong fluorescence excited at 285 nm. So the
interaction between FTO andW3 (orW4) can be investigated
from the fluorescence change.

Influence of Ethanol on Fluorescence

W3 andW4was dissolved in ethanol. The influence of ethanol
on the FTO fluorescence was shown in Fig. 3. Results indi-
cated little effect was caused by the addition of ethanol. So the
fluorescence change in the interaction of FTO with W3 (or
W4) was caused by the addition ofW3 (orW4). Our previous
studies also indicated that the small amount of ethanol did not
influence the fluorescence of albumin [20].

Fluorescence Quenching Measurements

Binding resulted in a decrease in fluorescence intensity forW3

and W4. Figure 4 showed representative data for W3 and W4

binding to FTO. AtW3 (or W4): FTO mole ratios (as high as
15:1), λEM,max remains almost constant for W3 and W4. No
obvious shift was observed at the maximum emission
wavelength.

Qualitative observations showed that the conformational
changes occurred upon W3 (or W4) binding to FTO, as well
as the fluorescence data may also be quantified to estimate

association constants for the FTO−W3 (or W4) complexes.
The fluorescence data were analyzed using the Stern-Volmer
equation as shown in Fig. 5 [21]:

Fo

F
¼ 1þ Kqτ0 Q½ � ¼ 1þ Ksv Q½ � ð1Þ

Where, F0 and F are the fluorescence intensities of FTO in
the absence and presence of the quencher, respectively; Ksv is
the Stern-Volmer quenching constant; Kq is the diffusion-
controlled quenching rate constant; τ0 is the average lifetime
of the biomolecule without quencher (τ0≈10−8 s) [22]; [Q] is
the concentration of W3 (or W4).

For clear comparison between W3 and W4 in the same
graph, data fit by Stern-Volmer equation at 27 °C was show
Fig. 5. Table 1 and Fig. 6 showed representative data fit by
Stern-Volmer equation at 16, 27 and 35 °C. It was found that
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Fig. 4 FTO fluorescence decreases upon titration with W3 or W4 in
10 mM Tris–HCl pH=7.40 at an excitation wavelength of 285 nm. The
concentration of FTO is 1.5×10−5 mol L−1. The concentration of W3 (or

W4) is 0, 1.0×10
−5, 2.0×10−5, 3.0×10−5, 4.0×10−5, 5.0×10−5, 6.0×10−5,

7.0×10−5, 8.0×10−5, 1.0×10−4, 1.3×10−4, 1.5×10−4, 1.8×10−4, 2.0×
10−4 and 2.3×10−4 mol L−1 respectively (From top to bottom)
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Fig. 5 Data were fit by Stern-Volmer equation at 27 °C. The fluorescence
of FTOwas quenched byW3 (orW4) in 10 mM Tris–HCl pH=7.40 at an
excitation wavelength of 285 nm. The concentration of W3 (or W4) and
FTO are the same as those in Fig. 4
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the graphs in Figs. 5 and 6 were non-linear when the concen-
tration of W3 (or W4) was high than 1.0×10−4 mol L−1. The
plot of (F0/F) against concentration of quencher [Q] was ob-
served straight line in the range of 1.0–8.0×10−5 mol L−1. In
order to obtain Ksv from slopes, the plot in the concentration
range of 1.0–8.0×10−5 mol L−1 forW3 (orW4) was used. The
Kq can be obtained based on Ksv=Kqτ0. Values of Kq were
obtained from the slope of these plots based on Eq. (1) and
were listed in Table 1.

As can be seen from the results in Figs. 5, 6 and Table 1,Kq

is temperature dependent and a positive correlation between
Kq and temperature was noticed. Static quenching is charac-
terized by the decrease in the quenching constant with the
increase in temperature [23]. The Kq in Table 1 was the order
of 1012 L·moL−1·S−1, which was greater than the maximum

scatter collision quenching constant of various quenchers.
Larger Kq values obtained for the FTO−W3 (or W4) system
compared to the highest value reported for a diffusion-
controlled process (2.0×1010 L·moL−1·S−1) also opposed the
involvement of dynamic quenching in the binding process
[23]. According to the conclusions in the references [24, 25],
these results suggested that the quenching of FTO fluores-
cence byW3 (orW4) was due to the formation of a complex.

Analysis of Binding Equilibria

Assuming the binding of W3 (or W4) as independent to a set
of equivalent sites on FTO, the binding constants (Ka) and
binding sites (n) can be calculated by the following double-
logarithm equation based on Eq. (2) [26].
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Fig. 6 Data were fit by Stern-Volmer equation at 16, 27 and 35 °C. The fluorescence of FTO was quenched byW3 (orW4) in 10 mM Tris–HCl pH=
7.40 at an excitation wavelength of 285 nm. The concentration of W3 (or W4) and FTO are the same as those in Fig. 4

Table 2 The binding constants
(L.mol−1) between W3 (or W4)
and FTO

Complex T(°C) Double-logarithm equation Ka(L.mol−1) R n

W4 16 log(F0−F)/F=4.6968+1.1568 log[Q] 4.9750×104 0.9994 1.1568

W3 16 log(F0−F)/F=5.3769+1.2854 log[Q] 2.3819×105 0.9996 1.2854

W4 27 log(F0−F)/F=4.8682+1.1722 log[Q] 7.3841×104 0.9982 1.1722

W3 27 log(F0−F)/F=5.7576+1.3426 log[Q] 5.7227×105 0.9996 1.3426

W4 35 log(F0−F)/F=5.1877+1.2136 log[Q] 1.5405×105 0.9996 1.2136

W3 35 log(F0−F)/F=5.8523+1.3326 log[Q] 7.1164×105 0.9994 1.3326

Table 1 The quenching
constants (L.mol−1.S−1) between
W3 (or W4) and FTO by Stern-
Volmer equation

Complex T(°C) Stern-Volmer equation Kq(L.mol-1 .S1) R

W4 16 F0/F=0.9716+0.1127×10
5[Q] 1.1270×1012 0.9990

W3 16 F0/F=0.4832+0.2328×10
5[Q] 2.3276×1012 0.9993

W4 27 F0/F=0.6816+0.1880×10
5[Q] 1.8799×1012 0.9997

W3 27 F0/F=0.7249+0.2473×10
5[Q] 2.4733×1012 0.9978

W4 35 F0/F=0.5367+0.2858×10
5[Q] 2.8583×1012 0.9990

W3 35 F0/F=0.3292+0.4133×10
5[Q] 4.1333×1012 0.9987
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log
F0−F
F

¼ logKa þ n log Q½ � ð2Þ

Plots of log ((F0-F)/F) versus log[Q] for FTO−W3 (orW4),
which were shown in Table 2, listed the corresponding calcu-
lated results with all the correlation coefficient over 0.99. The
values of binding constants ofW3 (orW4) to FTO were in the
range of 104–105 L mol−1, which agreed with the common
affinities of drugs for protein [27]. The number of binding
sites for W3 (or W4) was about 1.0, which indicated that one
binding site formed between W3 (or W4) and FTO.

Quantitative consideration of the data presented here provides
a measure of the strength of FTO−W3 (or W4) associations.
Fluorescence titrations of FTO withW3 suggest primary sites
with Ka on the order of 105 L mol−1. ForW4, the value of Ka

was on the order of 104 L mol−1. The binding constant values
show that the strength of interactions for W3 is stronger than
the interactions for W4.

Binding Modes

The intermolecular acting forces between small molecular
substrates and biomolecule may be hydrogen bonds, van der
Waals interactions, electrostatic interactions, hydrophobic
force, etc. The thermodynamic parameters of the reaction are
important evidence for confirming the binding force. If the
temperature varies in a small range, the enthalpy change is
regarded as a constant. The van’t Hoff relationship is based
on the assumption of a nearly constant enthalpy change [28].
To characterize the forces involved in the W3 (or W4)−FTO
interaction, the values of enthalpy change (ΔH), entropy

Table 3 Thermodynamic parameters of interaction between W3 (or
W4) and FTO

Complex T (°C) ΔG (J.mol−1) ΔH (J.mol−1) ΔS (J.mol-1 .K−1)

W3 15 −2.1402×104 1.6470×104 131.50

W4 15 −2.3983×104 3.0512×104 189.22

W3 27 −2.2980×104

W4 27 −2.6254×104
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Fig. 7 The synchronous fluorescence spectra upon addition of W3 (or
W4). a Δλ=60, b Δλ=15. Tris–HCl pH=7.40; FTO 1.5×10−5 mol.L−1.
The concentration ofW3 (or W4) is 1.0×10

−5, 2.0×10−5, 3.0×10−5, 4.0×

10−5, 5.0×10−5, 6.0×10−5, 7.0×10−5, 8.0×10−5, 1.0×10−4, 1.3×10−4,
1.5×10−4 and 1.8×10−4 mol L−1 respectively (From top to bottom)
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change (ΔS) and the free-energy change (ΔG) were evaluated
from the van’t Hoff plot and thermodynamic equations [29]
and were listed in Table 3.

lnKa ¼ −
ΔH

RT
þ ΔS

R
ð3Þ

ΔG ¼ ΔG−TΔS ð4Þ
where Ka is the binding constant at corresponding tempera-
ture, R is the gas constant (R=8.314 J·moL−1·K−1), ΔH and
ΔS are calculated from the slope and the intercept of this
linear plot between lnKa and 1/T based on Eq. (3). The free
energy change (ΔG) could be calculated by the Eq. (4).

As shown in Table 3, the negative ΔG means that the
binding process was spontaneous. Both ΔH and ΔS values
of the interaction of W3 (or W4) with FTO are positive. Ac-
cording to the views of Ross and Subramanian [30], hydro-
phobic interaction is characterized by a positive value of ΔS
and a positiveΔH value. Therefore, it can be deduced that the
acting forces are mainly hydrophobic interactions between the
interactions of FTO with W3 (or W4) [31, 32].

Synchronous Fluorescence

Alteration in the microenvironment around the tyrosine (Tyr)
and tryptophan (Trp) in the structure of FTO uponW3 (orW4)
binding was elucidated by synchronous fluorescence spectra
(Fig. 7, (a) for Δλ =60 nm and (b) for Δλ=15 nm). Figure 7
show the effect of increasing concentrations ofW3 (orW4) on
the synchronous fluorescence spectra of FTO at theΔλ value of
15 and 60 nm, respectively. While no obvious change in the
emission maxima (310 nm) was observed upon addition ofW3

(orW4) whenΔλ was 15 nm, synchronous fluorescence spec-
tra obtained with Δλ=60 nm showed a blue shift from 348 to
340 nm upon W3 (or W4) addition. The observed blue shift
signified a transition of the Trp residues from a polar to a less
polar environment [6]. Results suggested that binding ofW3 (or
W4) to FTO had little effect on the microenvironment around
Tyr residues but was sufficient to perturb the environment in the
vicinity of the lone Trp residue from polar to slightly nonpolar.

Three-Dimensional Fluorescence Spectra

The three-dimensional fluorescence spectra are a rising fluo-
rescence analysis technique. The excitation wavelength, the
emission wavelength and the fluorescence intensity can be
used as the axes in order to investigate the synthetically infor-
mation of the samples [33]. Figure 8 presented the represen-
tative three-dimensional fluorescence spectra of FTO (a) and
FTO–W3 (b). Results showed that three-dimensional fluores-
cence spectra of FTO and FTO–W3 were different obviously.
The intensity of one peaks decreased obviously. Similar re-
sults were obtained forW4. The phenomena revealed that the

interaction of FTO–W3 (or W4) induced some microenviron-
mental and conformational changes in FTO [34].

Comparison Between W3 and W4

There is a similar main structure in the molecular of W3 and
W4. The difference betweenW3 andW4 is the size of the ring.
The binding constant for W3 was larger. Analyzing from the
binding constants forW3 andW4,W3 >W4may be explained
by the different between the ternary ring and four-member
ring. W3 showed a stronger quenching effect with FTO. The
interaction with FTO was enhanced by the ternary ring. The
reason may be that the ternary ring showed smaller steric
hindrance in the interaction.

Conclusions

In summary, the interactions between FTO and W3 or W4

were studied. The influence of molecular structure on the
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Fig. 8 The three-dimensional fluorescence spectra of FTO (a), FTO–W3

(b). The concentration of FTO is 1.5×10−5 mol/L and the concentration
ofW3 is 8.0×10

−5 mol/L
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binding aspects has been investigated. The binding study of
drugs to proteins is important in pharmacy, pharmacology and
biochemistry and so on.

Fluorescence spectroscopy provides qualitative and quan-
titative information about the interaction between FTO and
W3 or W4. Our results showed that the intrinsic fluorescence
of FTO was quenched through static quenching mechanism.
The binding reactionmainly involved hydrophobic interaction
as revealed by thermodynamic parameters. Themicroenviron-
ment of Trp residues of FTO were disturbed by the binding of
W3 or W4 to FTO as analyzed by intrinsic and synchronous
fluorescence. W3 and W4 displayed different binding ability.
Thermodynamic results also showed that the W3 show stron-
ger quenching ability than W4. This study may provide valu-
able information about the inhibitors of FTO.
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