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Spectroscopic and molecular docking studies on the binding
mechanism of Mobic and lipase

Baosheng Liu1∗ Xu Cheng1 Hongcai Zhang1

Abstract: Under simulated physiological conditions (pH=7.40), the interaction between non-steroidal
anti-inflammatory drug Mobic and lipase was studied by fluorescence spectra, ultraviolet absorption spectra,
circular dichroism spectra and computer simulation technique. The experimental results showed that Mobic
could quench the fluorescence of lipase by static quenching, and the binding site number is about 1. According
to Förster’s theory of non-radiation energy transfer, the binding distance between Mobic and lipase was obtained,
r<7 nm, which indicated that there was non-radiation energy transfer in the system. The thermodynamic param-
eters were obtained from van’t Hoff equation, Gibbs free energy ∆G<0, indicating that the reaction between
them was spontaneous, ∆H<0, ∆S>0, indicating that hydrophobic force played a major role in the formation
of Mobic and lipase complex. The results of synchronous fluorescence spectra, UV spectra and circular dichro-
ism spectra showed that Mobic changed the conformation of lipase. The molecular docking results showed that
the binding position of Mobic was close to the active center, indicating that Mobic could change the microen-
vironment of amino acid residues at the active center of lipase catalysis. The results of docking showed that
there was hydrogen bond between Mobic and lipase, so the interaction between Mobic and lipase was driven by
hydrophobic interaction and hydrogen bond.
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1 Introduction

Non-steroidal anti-inflammatory drugs can relieve
pain and edema to play a role in the treatment of in-
flammation, however, patients taking non-steroidal anti-
inflammatory drugs often cause gastritis, gastric ulcer,
kidney and liver damage and other adverse symptoms.[1]

Mobic is one of the non-steroidal anti-inflammatory
drugs[2] and the structural formula is shown in Figure
1. The toxic and side effects of Mobic are much less
than those of some other non-steroidal anti-inflammatory
drugs (such as dotaline, ibuprofen, etc.). Therefore,
the adverse effect of Mobic on gastrointestinal function
was much smaller.[3] This drug is widely used in daily
life and it is a very common drug for the treatment of
rheumatoid arthritis. in addition to the treatment of in-
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flammatory diseases, Mobic also has a good effect on
relieving physical pain in patients.[4]

Figure 1. Chemical structure of Mobic

Lipase is a hydrolase that decomposes triacylglycerol.
It is an intracellular enzyme. Its catalytic site contains
a nucleophilic catalytic triad (SHD or SHE). The cat-
alytic site is buried inside the molecule and the surface
is formed by relatively hydrophobic amino acid residues.
Covered by a spiral lid structure to protect the catalytic
part of the triplet.[5] Human lipase is mainly secreted by
pancreatic acinar cells, so it is also called pancreatic li-
pase, and plays a role in digesting fat in the duodenum. It
plays an important role in the absorption of triglycerides
in the small intestine. Hydrolyzed triglyceride is con-
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verted into Glycerin and fatty acids are absorbed by the
body[6] and play an important role in the process of di-
gestion and absorption. Zhao Lining et al.[7] studied the
interaction of three mercaptopropionic acid-terminated
CdTe quantum dots with lipase, and proved that three
mercaptopropionic acid-terminated CdTe quantum dots
can cause toxic side effects on lipase; Zhang Rui et al.[8]

studied the interaction of bisphenol A with lipase in vitro
to better understand the toxicity and toxicity mechanism
of bisphenol A.

In recent years, fluorescence spectroscopy has become
an important means to study the mechanism of ligand-
protein system. But up to now, researches on the inter-
action of lipase with Mobic have not been reported by
a variety of spectroscopic and computer simulations. In
this paper, the binding constants, binding sites, thermo-
dynamic parameters and binding distance of the drug-
protein system were obtained by spectroscopic experi-
ments and molecular docking methods, and a series of
experimental data such as binding constants, binding
sites, thermodynamic parameters and binding distance
were obtained. Thus, the mechanism of Mobic bind-
ing to lipase is revealed, which provides important in-
formation for more comprehensive understanding of the
mechanism of drug and protein transport and harmony in
human body.

2 Experimental

2.1 Apparatus

RF-5301PC fluorometer (Shimadzu, Japan); UV-3600
UV-vis spectrophotometer (Shimadzu, Japan); MOS-
450/SFM300 circular dichroism (Bio-Logic, France);
SYC-15Bsuper constant temperature water bath (Nan-
jing Sanli Electronic equipment Factory); SZ-93 auto-
matic double Pure Water Distiller (Shanghai Yarong bio-
chemical instrument Factory).

2.2 Materials

Porcine pancreatic lipase (PPL, purity grade inferior
99%, Sigma), reserve solution (5.0×10−6mol/L); Mobic
(CAS#,71125-28-7), reserve solution(4.0×10−4mol/L).
Tris-HCl buffer solution was used to keep the pH of the
solution at 7.40, and NaCl (0.10 mol/L) solution was
used to maintain the ionic strength of the solution. The
water used in the experiment was secondary quartz dis-
tilled water, and the above storage solution was kept
away from light at 277 K. The fluorescence signal mea-
sured in the experiment was corrected by the ”internal
filter effect” Equation (1):[9]

Fcor = Fobs× e(Aex+Aem)/2 (1)

Where Fcor and Fobs are the corrected and observed
fluorescence signals, respectively, and Aex and Aem are
the absorbance values of Mobic-PPL system at excita-
tion and emission wavelengths, respectively. The fluo-
rescence signal used in this article was corrected.

2.3 Experiment procedure

2.3.1 Fluorescence experiment
At 298K, 310K and 318K, 1.0 mL Tris-HCl buffer so-

lution, 2.0 mL PPL solution and different volume of Mo-
bic solution were added to the 10.0 mL colorimetric tube
at constant volume and constant temperature of 30 min.
The slit width was 5 nm, λex and the scanning fluores-
cence spectra were 280, 295 nm, respectively.
2.3.2 Circular dichroism measurements

At 298K, 1.0 mL Tris-HCl buffer solution, 2.0 mL
PPL solution and different volume of Mobic solution
were added to the 10.0 mL colorimetric tube at con-
stant volume and constant temperature of 30 min. Cir-
cular dichroism measurements were performed with a
1.0 cm path length quartz cuvette. Each spectrum was
recorded at wavelengths between 190 and 300 nm and a
scan speed of 1 nm/s.
2.3.3 UV-Vis measurements

At 298 K, 1.0 mL Tris-HCl buffer solution, 2.0 mL
PPL solution and different volume Mobic solution was
added to the 10.0 mL colorimetric tube at constant vol-
ume and constant temperature of 30 min. The ab-
sorbance of the system was determined by using the cor-
responding concentration of Mobic solution as the blank
reference, and the UV absorption spectrum of the system
was drawn.
2.3.4 Molecular docking

The crystal structure (PDB ID: 1RP1) of PPL comes
from the protein database (Protein Data Bank). The
ChemDraw Pro 14.0 and ChemBio 3D Ultra 14.0 are
used to draw the Mobic structure, and the energy min-
imization of the three-dimensional structure is carried
out. AutoDock 4.2.6 was used to study the molecular
docking of Mobic and PPL, and genetic algorithm was
used to calculate the binding conformation of Mobic and
PPL.[10]

3 Results and discussion

3.1 Fluorescence quenching mechanism
studies of Mobic-PPL system

The fluorescence effect of protein is produced by the
chromophore of Trp, Tyr and Phe residues. The Trp
and Tyr residues in protein are excited together at 280
nm wavelength, while at 295 nm wavelength, only Trp
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residue is excited.[11] Figure 2 showed the fluorescence
spectra of the interaction between Mobic and PPL (at
λex=295 nm, the fluorescence spectra of Mobic and PPL
are similar, but the fluorescence intensity was low). Fig-
ure 2 showed that the fluorescence peak of PPL at 343
nm quenched and the emission peak had a blue shift with
the increase of Mobic concentration, indicating that the
Mobic-PPL system interacted and formed a stable com-
plex.[12]

Figure 2. Fluorescence emission spectra of Mobic-PPL sys-
tem (T=310 K, λex = 280 nm), CPPL=1.0×10−6 mol/L, 1∼8
CMobic=(0, 0.1, 0.2, 0.5, 1.0, 2.0, 3.0, 4.0)×10−5 mol/L

The Stern-Volmer[13] equation was shown below,
through which the quenching constant Ksv and the
quenching rate constant kq: can be calculated by using
the fluorescence signal data obtained from the experi-
ment:

F0/F = 1 + kqτ0[L] = 1 +KSV [L] (2)

Where F0 and F represent the fluorescence signals in
the absence and presence of quencher, respectively. τ 0
is the average lifetime of fluorescence without quencher,
which is about 10−8 s. Ksv is the Stern-Volmer quench-
ing constant. kq is the bimolecular quenching constant,
and[?] is the concentration of Mobic. If the quenching
mechanism of the binding system is single, then the re-
lationship curve between F0/F and [L] is linearly cor-
related.[14] The Stern-Volmer equation curve of Mobic-
PPL system was shown in Figure 3. From Figure 3, it
could be seen that the relative fluorescence intensityF0/F
of PPL and the concentration of quenching agent Mobic
showed a good linear relationship, and the linear corre-
lation coefficient is more than 0.99. It reflected the exis-
tence of a single quenching mechanism.

The results were shown in Table 1. The results showed
that the kq values at different temperatures are larger than

Figure 3. Stern-Volmer plots for the quenching of PPL by Mo-
bic at different temperatures, CPPL = 1.0×10−6 mol/L, CMobic

= 0∼4.0×10−5 mol/L

the maximum diffusion collision quenching constant of
2×1010L/mol·s[15] for biomolecules by various quench-
ing agents. At the same time, it could be seen from the
data in Table 1 that with the increase of temperature,
kq of Mobic-PPL system and Ksv’s are decreased. The
results showed that the quenching mode of Mobic-PPL
system was static quenching.

For static quenching, the Equation (3)[16] is generally
used to calculate the binding constant Ka and the number
of binding sites n:

lg

(
F0 − F

F

)
= n lgKa+n lg

{
[L] − n

F0 − F

F0

[Bt]

}
(3)

[Bt] represents the concentration of PPL, and the re-
sults were shown in Table 1. From Table 1, n≈ 1 at
the experimental temperature indicates that there is only
one high affinity binding site[17] for Mobic to bind to
PPL, that is, Mobic formed a 1:1 complex with PPL.The
binding constant Ka of Mobic to PPL decreased with
the increased of temperature, which further proved that
the fluorescence quenching type of Mobic-PPL system
was static quenching. Figure 4 showed the participation
of Tyr residues and Trp residues of PPL in Mobic-PPL
system.The results showed that when λex=280 nm and
λex=295 nm, the quenching curve of Mobic-PPL system
was separated. This indicates that both Tyr residues and
Trp residues in PPL participated in the reaction. How-
ever, the slope of the quenching curve of Mobic-PPL
system at λex=295 nm was obviously smaller than that of
the binding system at λex=280 nm, which indicated that
the fluorescence quenching degree of PPL was stronger
at λex=280 nm.
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Table 1. Quenching reactive parameters of Mobic-PPL system at different temperatures

λ ex K sv k q K a

(nm) (L/mol·s) (L/mol) (L/mol)

298 1.86×104 1.86×1012 0.9977 2.08×104 1.1 0.9962

310 1.61×104 1.61×1012 0.9934 1.70×104 1.08 0.9969

318 1.34×104 1.34×1012 0.9926 1.33×104 0.96 0.9951

298 1.51×104 1.51×1012 0.9961 1.47×104 1.01 0.9941

310 1.27×104 1.27×1012 0.9963 1.22×104 1.12 0.9969

318 0.99×104 0.99×1012 0.9933 0.99×104 0.96 0.9911

 r1  is the linear relative coefficient of F0/F∼[L];

 r2  is the linear relative coefficient of lg[(F0-F)/F0]~lg{[L]-n[Bt](F0-F)/F0}

λ ex= 295

T /(K) r 1 n r 2

λ ex= 280

Figure 4. Relative fluorescence curves of the interaction be-
tween Mobic and PPL (T = 310 K), CPPL=1.0×10−6 mol/L,
CMobic=(0.1, 0.5, 1.0, 2.0, 3.0, 4.0)×10−5 mol/L

3.2 Type of interaction force of Mobic-PPL
system

The thermodynamic parameters of Mobic-PPL system
were calculated according to van’t Hoff equation,[18] and
the calculated results were shown in Table 2.

R lnK = ∆S − ∆H/T (4)

∆G = −RT lnK = ∆H − T∆S (5)

Where R is a gas constant (∆H and ∆S with a value
of about 8.314), Mobic and PPL can be calculated by a
linear relationship between the natural logarithm (lnKa)
of the binding constant and the reciprocal (1/T) of the
temperature. The results were shown in Table 2. It
can be seen from Table 2 that ∆G<0 indicated that
the binding reaction between Mobic and PPL was spon-
taneous, and ∆H<0 indicated that the formation of
Mobic-PPL complex was exothermic. The arrangement

of water molecules creates a more random configura-
tion around drugs and proteins in a more orderly man-
ner. Therefore, ∆S>0 is usually used as evidence of hy-
drophobic interaction between drug molecules and pro-
tein molecules.[19, 20] Based on this, the hydrophobic in-
teraction between Mobic and PPL can be judged.

3.3 Circular dichroism spectra studies of
Mobic-PPL system

As one of the well-known biophysical techniques, cir-
cular dichroism spectrum (CD) is usually used to clarify
the secondary structure of proteins. In the CD spectrum,
the far ultraviolet region (180 nm) mainly shows the α-
helix, β-fold and irregular crimping of the protein.[21]

The peaks at the left and right sides of the 208 nm and
222 nm are characteristic peaks of α-helix. The change
of α-helix content can be obtained by using the follow-
ing formulas:[22]

Kα−Helix(%) =
−NMRE − 4000

33000 − 4000
× 100 (6)

The NMRE is the molar ellipticity at 200 nm; the num-
ber 4000 is the NMRE value of β-fold and random curl
at 200 nm; and the number 33000 is the NMREvalue of
pure α-helix at 200 nm.

NMRE =
ICD

10CPnl
(7)

In the equation, n is the total number of amino acids
in PPL, about 450, l is the light diameter of the sample
cell (cm), Cp is the concentration of protein, and ICD is
the intensity of CD peak. The circular dichroism spec-
troscopy of Mobic-PPL system was shown in Figure 5.
When the molar ratio of PPL to Mobic are 1:0, 1: 10 and
1: 20, the content of α-helix structure of PPL molecules
decreased from 17.65% to 4.24%. The intensity of the
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Table 2. The thermodynamic parameters of Mobic-PPL at different temperatures

System T /(K) K a  /(L/mol) ΔH /(kJ/mol) ΔS /(J/mol·K) ΔG /(kJ/mol)

298 2.08×104 25.04 -24.63

310 1.70×104 -17.17 25.61 -25.11

318 1.33×104 24.95 -25.08

λ ex =280 nm

negative peaks decreases gradually and without obvious
change in position and shape of the peaks. It can be con-
cluded that the interaction between Mobic and PPL made
the α-helix structure of PPL loose and changed the pro-
tein secondary structure, leading to quenching of the PPL
fluorescence. But α-helical structure was still dominant.

Figure 5. The circular dichroism spectra of Mobic-PPL sys-
tem (T=298 K), CPPL = 1.0×10−6 mol/L; CMobic = (0, 1.0, 2.0)
×10−5 mol/L

3.4 UV-vis absorption spectra studies of
Mobic-PPL system

UV-vis absorption spectra can be used to explore the
structural changes of proteins and to study the formation
of protein-ligand complexes.[23] Figure 6 was an absorp-
tion spectrum of the Mobic-PPL system. From the Fig-
ure 6, it can be seen that PPL has two absorption peaks,
and its strong absorption peak near 208 nm reflects the
frame conformation of the protein. The weak absorp-
tion peak at about 280 nm is due to aromatic amino
acids (Trp, Tyr and Phe).[24] With the increases of Mo-
bic concentration, Figure 6 showed that the intensity of
the absorption peak at 208 nm decreases with the blue
shift, and the absorption peak at 280 nm also decreases
slightly. This result indicated that the interaction be-

tween Mobic and PPL led to the formation of new com-
plexes, and the PPL molecule tended to fold, the hy-
drophobicity of PPL microenvironment was enhanced.
The shift of UV-Vis absorption spectra indicated that the
fluorescence quenching of PPL by Mobic was a static
quenching process,[25] which was consistent with the re-
sults of fluorescence experiments.

Figure 6. Absorption spectrum of Mobic-PPL system (T=298
K), CPPL=1.0×10−6 mol/L, 1∼6: CMobic=(0, 0.1, 0.25, 0.5,
1.0)×10−5 mol/L

3.5 Binding distance of Mobic-PPL system

According to Frster’s non-radiative energy transfer
theory, when the transfer efficiency is 50%, the distance
between the donor (r) and the recipient (R0) and the en-
ergy transfer efficiency (E) can be calculated by the fol-
lowing formula:

E = 1 − F/F0 = R0
6/(R0

6 + r6) (8)

R6
0 = 8.79 × 10−25K2ΦN−4J (9)

J =
∑

F (λ)ε(λ)λ4∆λ/
∑

F (λ)∆λ (10)

In the combination system, the recipient is the PPL,
donor is the Mobic, where F is the fluorescence intensity
of recipient in the presence of the same concentration of
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donor, K2 is the orientation factor, Φ is the fluorescence
quantum yield of the donor without the recipient, N is the
refractive index at this wavelength, F(λ) is the fluores-
cence intensity of the fluorescence donor at wavelength
λ, and ε(λ) is the molar absorptivity of the acceptor at
that wavelength. Under these experimental conditions,
it is reported that K2= 2/3, N=1.336 and Φ = 0.15.[26] J
is the overlap integral between the fluorescence emission
spectrum of the donor and the absorption spectrum of the
recipient, as shown in Figure 7.

Figure 7. Fluorescence emission spectra of PPL (λex=280
nm) (1) and UV absorption spectra of Mobic (2), (T=298 K),
CPPL=CMobic=1.0 × 10−6 mol/L

The values of J, E, R0 and r are calculated in turn by
formula and shown in Table 3. As shown in Table 3, the
donor-recipient distance r<7 nm indicates a high likeli-
hood of energy transfer from PPL to Mobic. With the
increase of temperature, the distance r increases and the
energy efficiency E decreases, which results in the de-
crease of the stability of the binary system and the de-
crease of the value of the binding constant Ka, which
is consistent with the data obtained from the fluores-
cence experiment and the synchronous fluorescence ex-
periment.

3.6 Molecular docking

Molecular docking plays an important role in explor-
ing the interaction between ligands and receptors. In or-
der to further determine the binding position of Mobic-
PPL system and the effect of Mobic binding to PPL on
ligands and receptors. In this paper, the binding model
of Mobic and PPL was established by molecular dock-
ing method. By this method, the type of force and the
lowest binding energy of Mobic and PPL binding sys-
tem could be obtained. Figure 8(A) showed the opti-
mal binding position of Mobic to PPL, where the Lys268
residue formed two hydrogen bonds with Mobic, with

bond lengths of 2.065 Å and 1.951 Å, respectively, and
Mobic formed a hydrogen bond with the Ser333 residue,
and its bond length is 2.148 Å. These results showed that
hydrogen bond played an important role in the binding
of Mobic to PPL. Figure 8(B) showed a plurality of hy-
drophobic amino acid residues such as Phe335, Tyr267,
Trp85 and Ieu275 around Mobic, further indicating that
there was hydrophobic force in the binding process be-
tween Mobic and PPL. The amino acid residues such
as Tyr267 and Trp85 were relatively close to the bind-
ing position of Mobic and PPL, which led to the binding
could effectively quench the endogenous fluorescence of
PPL, which was consistent with the conclusion of flu-
orescence quenching experiment. The active center of
different lipases usually consists of serine (Ser) residues
and histidine (His) residues, and together with aspartic
acid (Asp) residues or glutamic acid (Glu) residues con-
stitute a three meta catalytic center.[27] It could be seen
from Figure 8(B) that the Mobic binding position was
near the active center of the PPL. The results of molec-
ular docking also showed that the binding of Mobic and
PPL could change the microenvironment of the catalytic
active center of PPL. In other words, the binding of the
system might affect the catalytic activity of PPL.

The binding energy obtained from molecular dock-
ing for Mobic and PPL interaction was -25.86 kJ/mol.
Whereas, the free energy change calculated from fluo-
rescence quenching results was -25.11 kJ/mol at 310 K.
This difference may be due to exclusion of the solvent in
docking simulations or rigidity of the receptor other than
Trp and Tyr residues.[28] The energy data obtained by
docking the molecules were list in Table 4. From Table
4, it could be also seen that the electrostatic energy was
very much lower than the sum of van der Waals energy,
hydrogen bonding energy and desolvation free energy in
the binding process of Mobic with PPL, indicating that
the main interaction mode between Mobic and PPL was
not electrostatic binding mode.Combined with the data
of fluorescence experiments and the results of theoreti-
cal modeling, it could be seen that hydrophobic interac-
tion and hydrogen bond were the main forces driving the
combination of Mobic molecules with PPL molecules,
which led to the static quenching of PPL.

4 Conclusion

In this study, Mobic reacted with PPL to form a 1:1
complex under simulated physiological conditions. The
interaction of the binding system was investigated by
spectroscopy and molecular docking techniques, and it
was found that the binding of Mobic to PPL would
change the conformation of PPL. It is of positive sig-
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Table 3. Binding parameters between Mobic-PPL system at different temperatures

T /K E  (%) J /(cm3·L·mol-1) R 0/ nm r /nm

298 3.18 5.76 × 10-15 2.36 4.17

310 2.34 5.25 × 10-15 2.29 4.26

318 1.84 4.62 × 10-15 2.23 4.33

(A) (B)

Figure 8. Computation docking model of the interaction between Mobic and PPL, (A) Mobic located within the hydrophobic pocket in
PPL (B) Detailed illustration of the amino acid residues lining the binding site in the Mobic and PPL cavity

Table 4. Docking energy of Mobic-PPL system (unit: kJ/mol)

Protein PDB ID ΔG 0 ΔE 1 ΔE 2 ΔE 3

1RP1 -25.86 -29.61 -28.98 -0.63

ΔG0  is the binding energy in the binding process.

ΔE1  denotes intermolecular interaction energy, which is a sum of van
der Waals energy, hydrogen bonding energy, desolvation free energy
and electrostatic energy.

ΔE2  is the sum of van der Waals energy, hydrogen bonding energy
and desolvation free energy.

ΔE3  is the electrostatic energy.

nificance for the study of pharmacokinetics, pharmaco-
dynamics and toxicology of Mobic. At present, the use
of spectroscopy to study the interaction between proteins
and ligands is more and more popular and favored by re-
searchers. compared with other research methods such
as chromatography, this research method has the advan-
tages of low experimental cost and short measurement
period. It has a wide range of applications, so this study
provides an important reference for efficient and rapid
discussion of the interaction between proteins and lig-
ands.
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