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Abstract In this paper, the interactions of pepsin with CYD
(cytidine) or nucleoside analogs, including FNC (2′-deoxy-
2 ′-β-f luoro-4 ′-azidocytidine) and CMP (cytidine
monophosphate), were investigated by fluorescence, UV–vis-
ible absorption and synchronous fluorescence spectroscopy
under mimic physiological conditions. The results indicated
that FNC (CYD/CMP) caused the fluorescence quenching by
the formation of complex. The binding constants and thermo-
dynamic parameters at three different temperatures were ob-
tained. The hydrophobic and electrostatic interactions were
the predominant intermolecular forces to stabilize the com-
plex. The F atom in FNC might weaken the binding of nucle-
oside analog to pepsin. Results showed that CYD was the
strongest quencher and bound to pepsin with higher affinity.
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Introduction

Pepsin is an enzyme expressed as a prototype of zymogen and
pepsinogen and is released by the chief cells in the stomach to
degrade food proteins into peptides [1]. According to its phys-
iological role, it has a broad substrate specifcity but preferen-
tially cleaves its substrates at large hydrophobic residues [2].
Pepsin is a member of the large family of aspartic proteases.
These enzymes are of great medical and pharmaceutical inter-
est because some of them play important roles in the develop-
ment of various human diseases (e.g., hypertension), in the

formation of gastric ulcers, in HIV viral maturation, and as a
prognostic tool for breast tumor invasiveness [3]. Pepsin is
fluorescencable because of tyrosine, tryptophan and phenylal-
anine residues.

Cytidine and its analogues (FNC, CMP) have important
pharmacology functions. As shown in Fig. 1, a similar main
structure is found in these nucleoside analogs. Cytidine is a
nucleoside molecule that is formed when cytosine is attached
to a ribose ring (also known as a ribofuranose) via a β-N1-
glycosidic bond. Cytidine is a component of RNA [4]. There
are a variety of cytidine analogs with potentially useful phar-
macology. FNC is a novel cytidine analogue. It is an excellent
substrate for deoxycytidine kinase and is phosphorylated with
higher efficiency than deoxycytidine [5]. Recent studies have
demonstrated that FNC is a highly potent and selective inhib-
itor of HCV [6]. Cytidine monophosphate, also known as 5′-
cytidylic acid or simply cytidylate, is a nucleotide that is used
as a monomer in RNA [7]. It is an ester of phosphoric acid
with the nucleoside cytidine. CMP consists of the phosphate
group, the pentose sugar ribose, and the nucleobase cytosine.

For the first time, this work is designed to demonstrate the
binding interactions between FNC (CYD/CMP) and pepsin at
different temperatures using spectroscopic methods.

Experimental

Apparatus

All fluorescence spectra were recorded on 970CRT fluores-
cence spectrophotometer (SANCO, Shanghai, China)
equipped with 1.0 cm quartz cell. UV/vis absorption spectra
were measured at room temperature with a T6 Xinshiji UV-
spectrophotometer (XINKE, Shenyang, China) equipped with
1.0 cm quartz cell. pH values were measured with a pHS-3C
acidity meter (Jingke, Shanghai, China). The widths of the
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excitation and the emission slits were set to 10.0 nm/10.0 nm
for pepsin, respectively.

Reagents

CYD, CMP and pepsin were purchased from Aladdin chem-
istry Co. Ltd. HCl-CH3COONa buffer (0.2 mol/L) was used
to keep the pH value at 1.6, which is to provide physiological
conditions (in stomach) for the chemical reactions. FNC was
synthesized in our lab. The deionized water was used through-
out whole experiment.

Stock solutions: FNC (2.0×10−3 mol/L), CYD (2.0×
10−3 mol/L), CMP (2.0×10−3 mol/L), and pepsin (1.0×
10−4 mol/L) were prepared in 50 mL volumetric flasks, re-
spectively. All solutions were stored in refrigerator at 4 °C in
dark.

Procedures and Methods

Pepsin (0.6 mL 1.0×10−4 mol/L) solution, 1.0 mL HCl–
CH3COONa buffer and a certain volume of FNC/CYD/
CMP were added into a 4 mL volumetric quartz cell. Deion-
ized water was added to dilute the mixture to 3 mL. The
fluorescence intensities of all solutions were measured (exci-
tation at 285 nm and emission wavelengths of 300–450 nm) at
three temperatures (298 K, 308 K and 318 K), respectively.
Synchronous fluorescence spectra were obtained by setting
Δλ=60 nm and Δλ=15 nm.

Results and Discussion

UV/vis Absorption Spectra

UV/vis absorption measurement is a simple method and ap-
plicable to explore the structural changes and the complex
formation [8]. Figure 2a-c showed the absorption spectra of
(a) buffer+pepsin; (b) buffer+pepsin+drugs; (c) buffer; (d)
buffer+drugs; (a-c) the absorption spectra of pepsin in the
absence of drugs and (b-d) the absorption spectra of pepsin
in the presence of drugs.

Spectra (a-c) and (b-d) should be identical in Fig. 2a–c if no
interaction occurred between pepsin and drugs. But as we can
see there is an obvious different between (a-c) and (b-d). Re-
sults indicated that there exists interaction between nucleoside
analogs and pepsin.

The UV/vis absorption spectrum of pepsin shows a strong
band in the near-UVregionwith a maximum at 211 nm, which
appears due to peptide bond absorption of tryptophan [8].

Quenching Studies of Pepsin

In terms of biological macromolecules, some information of
the binding between small molecules and protein, instants of
the binding mechanism, binding sites, binding constants
and inter-molecular distance, has been given by fluores-
cence measurements [9].

The intrinsic fluorescence of proteins can provide informa-
tion about their structure and dynamics, and it is often used to
study the folding and associated reactions of protein [10].
Pepsin consists of 327 amino acids residues and is a multi-
tryptophan protein that contains five tryptophan (Trp) residues
(Trp 39, Trp141, Trp181, Trp190, and Trp300). These Trp
residues can be used as intrinsic fluorophores to provide in-
formation on the pepsin-ligand interaction and ligand-induced
conformational change [11].

Figure 3 shows the fluorescence emission spectra of pepsin
in the absence and presence of increasing amount of nucleo-
side analogs and cytidine. The main fluorescence peak of pep-
sin was at about 343 nm. Nucleoside analogs and cytidine
were non-fluorescent. The fluorescence intensity of pepsin
decreased regularly with the increasing nucleoside analogs
and cytidine concentration, which indicates that nucleoside
analogs and cytidine may interact with pepsin.

Generally speaking, the fluorescence quenching types of-
ten include static and dynamic quenching. In order to obtain a
clear insight into the quenching mechanism, the fluorescence
quenching data were analyzed by the Stern–Volmer equation
[12]:

F0=F ¼ 1þ Ksv Q½ � ¼ 1þ kqτ0 Q½ � ð1Þ

CYD (cytidine)

CMP (cytidine monophosphate)
Fig. 1 Molecular structures of FNC (2′-deoxy-2′-β-fluoro-4′-
azidocytidine), CYD (cytidine) and CMP (cytidine monophosphate)
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F0 and F are the fluorescence intensities of pepsin in
the absence and presence of the quencher, respective-
ly. Kq is the quenching rate constant of protein, and
2.0×1010 L mol/L−1 s−1 is seen as the maximum of

dynamic quenching rate constant of protein [13]. Ksv
is the Stern–Volmer quenching constant and deter-
mined by liner regression of Stern–Volmer equation.
τ0 represents the average lifetime of pepsin without
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Fig. 2 A. The UVabsorption spectra of pepsin-FNC system. Absorption
spectra of (a) Buffer+pepsin (2.0×10−5 mol/L); (b) Buffer+pepsin (2.0×
10−5 mol/L)+FNC (2.0×10−5 mol/L); (c) Buffer; (d) Buffer+FNC (2.0×
10−5 mol/L). B. The UV absorption spectra of pepsin-CYD system.
Absorption spectra of (a) Buffer+pepsin (2.0×10−5 mol/L); (b) Buffer+

pepsin (2.0×10−5 mol/L)+CYD (2.0×10−5 mol/L); (c) Buffer; (d)
Buffer+CYD (2.0×10−5 mol/L). C. The UV absorption spectra of
pepsin-CMP system. Absorption spectra of (a) Buffer+pepsin (2.0×
10−5 mol/L); (b) Buffer+pepsin (2.0×10−5 mol/L)+CMP (2.0×
10−5 mol/L); (c) Buffer; (d) Buffer+CMP (2.0×10−5 mol/L)
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quencher (usually 10−8 s) and [Q] means concentration
of quencher.

Within certain concentration, the curve of F0/F versus [Q]
(Stern–Volmer curve) would be linear if the quenching type is
single static or dynamic quenching [14]. If the quenching type
is combined quenching (both static and dynamic), the Stern–
Volmer plot is an upward curvature [15].

Figure 4a–c display the Stern–Volmer plots of the
quenching of pepsin fluorescence by FNC, CMP and CYD,
respectively. The curves show good linear relationships within
the investigated concentrations at different temperatures. Lin-
ear Stern–Volmer plots may either reveal the existence of a
single type of quenching, or indicate the occurrence of just one
binding site for quencher in the proximity of the fluorophore
[16]. Ksv and Kq are calculated at corresponding temperature
in Table 1. The Ksv values are inversely correlated with tem-
peratures, which indicate that the probable quenching mecha-
nism of fluorescence of pepsin by nucleoside analogs and
CYD is not initiated by dynamic collision but complex for-
mation [17]. As a rule, for dynamic quenching, the maximum
scatter collision quenching constant of various quenchers is

2.0 × 1010 L mol−1 s−1. Kq is approximately 2.0 ×
1012 L mol−1 s−1 for nucleoside analogs and CYD and greater
than 2.0×1010 L mol−1 s−1 [18]. Obviously, this indicated that
the quenching mechanism of pepsin by nucleoside analogs
and CYD is not a dynamic quenching process but a static
quenching process. A complex substance was generated by
the interaction between pepsin and FNC/CYD/CMP.

The Binding Constants

The Lineweaver–Burk curves were shown in Fig. 4d-f. The
curves of 1/(F0–F) versus 1/[Q] were linear. The binding con-
stant (KA) between pepsin and drugs can be calculated by
employing the Lineweaver–Burk equation [19],

1= F0−Fð Þ ¼ 1=F0 þ 1= KAF0 Q½ �ð Þ ð2Þ
where F0 is fluorescence intensities before the addition of
FNC (CYD or CMP); F is the fluorescence intensity; [Q] is
the concentration of FNC (CYD or CMP). The values of bind-
ing constants KA is determined from the Lineweaver–Burk
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Fig. 3 Effect of FNC (CYD or CMP) on fluorescence spectra of pepsin (T=298 K, pH=1.6, λex=285 nm). (1–7) Cpepsin =1.67×10
−5 mol/L, Canalogs/

(μM): 0, 2.0, 4.0, 6.0, 8.0, 10.0 and 12.0 respectively. The concentrations of CYD and analog were same
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equation at different temperatures as shown in Table 2. The
values of KA decreased with the increase of temperature. The
increasing temperature leads to the lower stability of the com-
plex. Results also showed that the F atom in FNC might
weaken the binding of FNC (CYD or CMP) to pepsin.

Thermodynamic Parameters and the Binding Forces

Considering the dependence of binding constant KA on tem-
perature, a thermo-dynamic process was considered to be re-
sponsible for the formation of a complex. Therefore,
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thermodynamic parameters such as enthalpy change (ΔH0),
entropy change (ΔS0) and free energy change (ΔG0) were
used to characterize the interactions between nucleoside ana-
logs and pepsin.

There are essentially four non-covalent binding types that
could play a role in ligand binding to proteins, which embrace
hydrogen bond, Van Der Waals forces, hydrophobic interac-
tion force and electrostatic force [20]. On the premise of mild
fluctuation of ΔH0 over the studied temperature range, ΔH0,
ΔS0 and ΔG0 can be calculated by the Van’t Hoff equation
(Eq. (3)) and thermodynamic equation (Eq. (4)) [21],

ln KA ¼ −ΔH0=RTþΔS0=R ð3Þ

ΔG0 ¼ ΔH0−TΔS0 ð4Þ
KA is the binding constant at a certain T. R is the universal

gas constant (8.314 J mol−1 K−1). The temperatures were cho-
sen at 298, 308 and 318 K at which pepsin did not undergo
any structural degradation. According to the binding constants
at the three temperatures, the thermodynamic parameters were

determined from linear Van’t Hoff plot (Fig. 5.) and were
presented in Table 2. (The plot of ln KA versus 1/T gave a
straight line according to the Van’t Hoff equation).

Masaki Otagiri summed up the thermodynamic law of the
interaction that may take place in protein association process-
es [22]. According the views of Masaki, the positiveΔH0 and
ΔS0 values are associated with hydrophobic interaction. The
negative ΔH0 and ΔS0 values are associated with hydrogen
bonding and van der Waals interaction in low dielectric medi-
um. Finally very low positive or negative ΔH0 and positive
ΔS0 values are characterized by electrostatic interactions [23].
Thus it is difficult to interpret the thermodynamic parameters
of nucleoside analogs–pepsin interaction with a single inter-
molecular force. As can be seen from Table 2, the negative
signs for ΔG0 andΔH0 indicate the spontaneity and exother-
micity of the binding of nucleoside analogs with pepsin.ΔS0

is a positive value. A positiveΔS0 value is frequently taken as
evidence for hydrophobic interaction, because the water mol-
ecules that are arranged in an orderly fashion around the li-
gand and protein acquire a more random configuration as a
result of hydrophobic interaction. NegativeΔH0 value cannot

Table 1 Stern–Volmer
quenching constants of the system
at different temperature.

T(K) EQUATION R2 10−4KSV(L/MOL) 10−12Kq(L/MOL)

FNC

298 F0/F=1.86×10
4[Q]+0.9983 0.9988 1.86 1.86

308 F0/F=1.81×10
4[Q]+0.9976 0.9954 1.81 1.81

318 F0/F=1.74×10
4[Q]+0.9999 0.9980 1.74 1.74

CYD

298 F0/F=2.21×10
4[Q]+1.0057 0.9970 2.21 2.21

308 F0/F=2.18×10
4[Q]+1.0029 0.9966 2.18 2.18

318 F0/F=2.12×10
4[Q]+1.0030 0.9982 2.12 2.12

CMP

298 F0/F=2.07×10
4[Q]+1.0019 0.9986 2.07 2.07

308 F0/F=2.00×10
4[Q]+0.9951 0.9974 2.00 2.00

318 F0/F=1.90×10
4[Q]+1.0006 0.9946 1.90 1.90

Table 2 Thermodynamic
parameters of pepsin–FNC (CYD
or CMP) interactions

T(K) 10−4KA(L/mol) R2 ΔH0(kJ/mol) ΔG0(kJ/mol) ΔS0(J/mol)

FNC

298 1.7862 0.9996 −4.631 −24.257
308 1.6763 0.9950 −24.908 65.85

318 1.5882 0.9970 −25.574
CYD

298 2.4410 0.9996 −6.651 −25.030
308 2.2418 0.9964 −25.652 56.50

318 2.0617 0.9994 −26.264
CMP

298 1.9859 0.9962 −7.695 −24.519
308 1.8167 0.9980 −25.113 65.85

318 1.6332 0.9950 −25.648
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be attributed to electrostatic interactions since for electrostatic
interactions,ΔH0 is very small, almost zero [24]. According-
ly, it is not possible to account for the thermodynamic param-
eters of pepsin–FNC (CYD or CMP) on the basis of a single
intermolecular force model [25]. We inferred that hydropho-
bic interaction might play the major role in the interactions of
FNC (CYD or CMP) with pepsin, and electrostatic interaction
was possibly also involved in the binding process.

Energy Transfer

According to Förster’s theory [26], energy transfer is likely to
happen under the following conditions: (i) the relative orien-
tation of the donor and acceptor dipoles, (ii) the extent of
overlap of fluorescence emission spectrum of the donor with
the absorption spectrum of the acceptor, and (iii) the distance
between the donor and the acceptor is less than 7 nm. Here the
donor and acceptor were pepsin and nucleoside analogs re-
spectively. There was a spectral overlap between the fluores-
cence emission spectrum of free pepsin and absorptionUV/vis
spectra of FNC (CYD or CMP) as shwn in Fig. 6. The spec-
trum ranging from 300 to 400 nm was chosen to calculate the
overlapping integral.

According to Förster’s theory, the energy transfer efficien-
cy E is defined as the following equation Eq.(5).

E ¼ 1−F=F0 ¼ R6
0= R6

0 þ r6
� � ð5Þ

R6
0 ¼ 8:79� 10−25K2N−4ΦJ ð6Þ

J ¼ ∫∞0 F λð Þε λð Þλ4dλ=∫
∞

0 F λð Þdλ ð7Þ

Here, F and F0 are the fluorescence intensities in the pres-
ence and absence of nucleoside analogs, respectively, r is the
binding distance between donor and receptor, and R0 is the

critical distance when the efficiency of energy transfer is 50 %
[26]. It can be calculated from donor emission and acceptor
absorption spectra using the Förster formula Eq. (6). In
Eq. (6), K2 is the orientation factor related to the geometry
of the donor and acceptor of dipoles; N is the average refrac-
tive index of medium in the wavelength range where spectral
overlap is significant; Φ is the fluorescence quantum yield of
the donor; J is the effect of the spectral overlap between the
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emission spectrum of the donor and the absorption spectrum
of the acceptor, which could be calculated by Eq. (7), where,
F(λ) is the corrected fluorescence intensity of the donor in the
wavelength range λ to λ+Δλ; ε(λ) is the extinction coefficient
of the acceptor at λ. In the present case, K2=2/3, N=1.36, Φ=
0.146 [27], according to Eqs. ((5)–(7)), calculated results of J,
R0, E and r were listed in Table 3. The average distance be-
tween a donor fluorophore and acceptor fluorophore was less
than 7 nm obviously, which indicated that the energy transfer
from pepsin to nucleoside analogs occurred with high proba-
bility [28], while r was bigger than R0 in the present study also
revealed that FNC (CYD or CMP) could strongly quench the
intrinsic fluorescence of pepsin by static quenching [29].

Conformation Investigation

Synchronous fluorescence spectroscopy technique was intro-
duced by Lloyd in 1971 [30]. It involves simultaneous scan-
ning of the excitation and emission mono-chromators while
maintaining a constant wavelength interval between them.
The synchronous fluorescence spectra can provide informa-
tion about the molecular environment in a vicinity of the chro-
mospheres molecules and has several advantages, such as
sensitivity, spectral simplification, spectral band width reduc-
tion and avoiding different perturbing effects [27]. Yuan et al.
[31] suggested a useful method to study the environment of
amino acid residues by measuring the possible shift in wave-
length emission maximum λmax, the shift in position of emis-
sion maximum is corresponding to the changes of the polarity
around the chromospheres molecule. When the value ofΔλ is
60 nm or 15 nm, the synchronous fluorescence gives the char-
acteristic information of tryptophan and tyrosine residues
[32]. In order to clearly reveal the quenching mechanism of
pepsin with nucleoside analogs, the synchronous fluorescence
spectroscopic experiments were carried out.

The synchronous fluorescence spectra of pepsin at various
concentrations of nucleoside analogs are shown in Fig. 7a-f. It
can be seen that the intensities decrease with the addition of
FNC (CYD or CMP) for both tryptophan and tyrosine, but the
quenching extents were significantly different. In Fig. 7d-f
there is an obvious red-shift on the spectra of tyrosine. It is
conveyed that more tyrosine expose to hydrophilic and polar
microenvironment [33].

The three-dimensional fluorescence spectra are a ris-
ing fluorescence analysis technique. The excitation
wavelength, the emission wavelength and the fluores-
cence intensity can be used as the axes in order to
investigate the synthetically information of the samples,
and the contour spectra can also provide some informa-
tion [34]. Figure 8. presented the three-dimensional
fluorescence contour spectra of pepsin (A), pepsin–nu-
cleoside analogs (B, C, D) and the corresponding pro-
jections spectra of pepsin (A’), pepsin–nucleoside ana-
logs (B’, C’, D’), respectively. The contour map
displayed a bird’s eye view of the fluorescence spectra.
Results showed that three-dimensional fluorescence con-
tour map of pepsin and pepsin–FNC (CYD or CMP)
were different obviously. The intensity of one peaks
decreased obviously. The phenomena revealed that the
interaction of pepsin–FNC (CYD or CMP) induced
some microenvironmental and conformational changes
in pepsin. A complex between pepsin and FNC (CYD
or CMP) was formed [35].

Molecular Simulation

In order for understanding the efficacy of a biologically
active drug molecule to function as a therapeutic agent,
knowledge of its binding location in the model transport
protein environment is very crucial and important. Pep-
sin is a single chain protein with 327 amino acid resi-
dues that consists of three domains. The central domain
consists of a six-stranded antiparallel β-sheet that serve
as a backbone to the active-site region of the molecular.
Molecular modeling is carried out using Autodock 4.2
to investigate whether FNC/CYD/CMP binds to pepsin.
The binding mode and binding site are given in Fig. 9.
As we can see from Fig. 8 there are MET, PHE, LEU,
PRO and ALA five hydrophobic amino acid residues
around FNC (CYD or CMP), which means hydrophobic
interaction play the major role in the interactions of
FNC (CYD or CMP) with pepsin. These results are in
agreement with the thermodynamic analysis.

Comparison

The bindings between pepsin and small molecules have been
reported, such as Ligupurpuroside A [36], nobiletin [37],
silybin [38], chlorogenic acid [39], prulifloxacin [40],
fleroxacin [41], and bisphenol A [42].

A static quenching mechanism has been found between
pepsin and many small molecules in this study and published
work [36–42]. Hydrophobic and electrostatic interactions
played major role in the binding process of pepsin with FNC
(CYD or CMP), silybin [38], nobiletin [37], and fleroxacin
[41]. Van der Waals’ forces and hydrogen bonds were

Table 3 The distance parameters of pepsin–FNC (CYD or CMP)
interactions

Alkaloid J(cm3/mol L−1) R0(nm) E r(nm)

FNC 5.12×10−16 1.53 0.2360 1.86

CYD 7.91×10−16 1.65 0.2726 1.94

CMP 8.00×10−16 1.65 0.2586 1.96
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observed for chlorogenic acid [39] and prulifloxacin [40]. Hy-
drophobic interaction and hydrogen bond were observed for
the interaction of pepsin with Ligupurpuroside A [36] or
bisphenol A [42].

Different binding constants between pepsin and some
small molecules have been reported [36–42]. The bind-
ing constants for FNC (CYD or CMP) obtained in this
work were at the order of 104 L/mol and similar results
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Fig. 7 Influence of FNC (CYD or CMP) on synchronous fluorescence
spectra of pepsin. Conditions: Δλ=60 nm (figures A, B and C), pH 1.6,
T=298 K. From 1 to 7: Cpepsin =1.67×10

−5 mol/L, Canalogs=0, 2.0, 4.0,
6.0, 8.0, 10.0, 12.0×10−6 mol/L. Conditions: Δλ=15 nm (figures D, E

and F), pH 1.6, T=298 K. From 1 to 7: Cpepsin=5.0×10
−5 mol/L,

Canalogs=0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0×10
−5 mol/L. The concentrations

of CYD and analog were same
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were reported for silybin [38]. The binding constants for
bisphenol A was 103 L/mol [42]. The binding constants
of 106 L/mol were observed by Ligupurpuroside A [36]
and fleroxacin [41]. The binding constants of 105 L/mol
were reported for nobiletin [37] and chlorogenic acid
[39], respectively. The binding constant for prulifloxacin
was 108 L/mol [40].

Conclusion

The present study has provided insight into the interactions
between pepsin and FNC (CYD or CMP), respectively. The
results showed that nucleoside analogs and cytidine could
bind to pepsin by a static quenching and form a new complex
which becomes unstable with the rising temperature. Hydro-
phobic and electrostatic interactions played a major role in
stabilizing the complex. The influence of molecular structure
on the binding aspects was reported. Results showed that
CYD was the strongest quencher and bound to pepsin with
higher affinity than FNC and CMP. The F atom in FNCmight
weaken the binding of nucleoside analog to pepsin. The

�Fig. 8 The three-dimensional fluorescence contour spectra of pepsin
(A), FNC–pepsin (B), CYD–pepsin (C), CMP–pepsin (D), and the
corresponding projections spectra of pepsin (A’), FNC–pepsin (B’),
CYD–pepsin (C’), CMP–pepsin (D’). The concentration of pepsin and
FNC/CYD/CMP is 1.67×10−5 mol/L

Fig. 9 Stereo view of the docked
conformation of the drugs FNC
(A), CYD (B) and CMP(C) with
pepsin. The lower panels in each
case display the protein residues
in near vicinity of FNC (A’), CYD
(B’) and CMP (C’) over a
molecular surface representation
of the protein. The dotted green
line denotes hydrogen bond.
Color scheme: white for hydrogen
atoms, red for oxygen atoms, blue
for nitrogen atoms, orange for
phosphorus atom and carbon
atoms are gray
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binding and modeling study could provide useful information
on the compatibleness and use of drugs at molecule level.
These results will be helpful in understanding the pharmaco-
kinetics and pharmacodynamics of nucleoside analogs and
cytidine.
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