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Abstract: The binding of cefonicid sodium (CFS) with trypsin was investigated by spectroscopic and molecular docking 
methods under different temperatures conditions (303, 310 and 318 K). The results demonstrated that the interaction between 
CFS and trypsin was taking place via static quenching with 1:1 binding ratio. The fluorescence datas were treated by using the 
double logarithmic equation, and the binding constants Ka of the interaction of CFS-trypsin systems and the number of binding 
sites n were obtained. The thermodynamic parameters of CFS-trypsin systems under different temperatures were obtained by the 
thermodynamic equation. The experimental data show that the interactions between them were mainly hydrophobic interaction 
and hydrogen bonding interaction, and with the molecular docking results are consistent. 
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1. Introduction 

Cefonicid Sodium (CFS) is a semisynthetic second 
generation cephalosporin whose structure, antibacterial 
activity, and stability to β-lactamases have been described and 
researched extensively (the structure shown in Figure 1). A 
number of studies have documented its broad spectrum of 
antibacterial activity against aerobic, anaerobic gram-positive 
and gram-negative bacteria effectively [1]. CFS is suitable for 
the following infections caused by sensitive bacteria: lower 
respiratory tract infection, urinary tract infection, septicemia, 
skin and soft tissue infections, bone and joint infection and it 
also can be used in surgery to prevent infection. 

Trypsin (E. C. 3.4.21.4), a serine protease, is the most 
abundant proteases in nature and plays an essential role in 
digestion and deconstruction of food proteins and other 
physiological processes including hemostasis, apoptosis, 
signal transduction, reproduction, and immune response [2]. 
The molecular weight of trypsin is 23,300 Dalton and it 
consists of 223 amino acid residues [3]. The individual chains 
are held together by six disulfide bridges. It is composed of 

two domains of nearly equal size, the major constituent of 
each domain beinga set of six anti-parallel strands of 
polypeptide chain tied together into a β-sheet unit by a 
network of H-bonds [4]. Trypsin has four amino acids (Trp51, 
Trp141, Trp215, and Trp237) that can be used as intrinsic 
fluorophores [5]. Due to its essential physiological function, it 
has often been chosen as target protein to study the structural 
effects of small molecules to trypsin and thereby the function 
[6, 7]. At present, the molecular interactions between trypsin 
and many ligands have been investigated successfully in 
biochemistry domain [8, 9]. However, the interaction between 
CFS and trypsin has not been investigated. In this paper, the 
interaction of CFS with trypsin under different temperature 
conditions by used fluorescence spectroscopy and molecular 
docking technology. Furthermore, the thermodynamic 
parameters of the reaction between CFS and trypsin were 
obtained by the Van't Hoff equation. This study is expected to 
provide important insight into the essence, potential toxicity 
between drugs and protein in real terms, and can also provide a 
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useful clinical reference for future combination therapy. 

 

Figure 1. Chemical structure of Cefonicid Sodium. 

2. Experimental 

2.1. Apparatus 

All fluorescence spectra were recorded with a Shimadzu 
RF-5301PC spectrofluorophotometer. Absorption was 
measured with an UV-vis recording spectrophotometer 
(UV-265, Shimadzu, Japan). All pH measurements were 
carried out with a pHS-3C precision acidity meter (Leici, 
Shanghai, China). All temperatures were controlled by a 
SYC-15B superheated water bath (Nanjing Sangli Electronic 
Equipment Factory). 

2.2. Materials 

Trypsin was purchased from Sigma Co. and was of the 
purity grade inferior 99%. Cefonicid Sodium (CFS) as a 
standard in guarantee reagent, and was of the purity grade 
inferior 99 %. Stock solutions of trypsin (4.0×10-5 M) and 
CFS (1.0×10-3 M) were prepared. All the stock solutions 
were further diluted for use as working solutions. Tris-HCl 
buffer solution containing 0.15 M NaCl was used to maintain 
the pH of solutions at 7.40 and NaCl solution was used to 
maintain the ionic strength of the solution. All other reagents 
were of analytical grade and all aqueous solutions were 
prepared with newly double-distilled water and stored in dark 
at 4°C. 

The fluorescence intensities were corrected for the 
absorption of excitation light and re-absorption of emitted 
light to decrease the inner filter using the following 
relationship [10]: 

( ) / 2ex emA A

cor ob sF F e
+= ×            (1) 

Where, Fcor and Fobs are the corrected and observed 
fluorescence intensities, respectively. Aex and Aem are the 
absorbance values of CFS at excitation and emission 
wavelengths, respectively. The fluorescence intensity used in 
this paper was corrected. 

2.3. Procedures 

2.3.1. Fluorescence Measurements 

In a typical fluorescence measurement, 0.5 mL Tris-HCl 
(pH =7.40), 0.5 mL trypsin solution (4.0×10-5 M), and 
different concentrations of cefonicid sodium were added into a 
10 mL colorimetric tube successively. The samples were 
diluted to 5.0 mL with double-distilled water, mixed 

thoroughly by shaking, and kept static for 30 min at different 
temperatures (303,310 and 318 K). The excitation wavelength 
for trypsin was 280 nm and 295 nm, respectively, with a 1.0 
cm quartz sampling cells. The excitation and emission slits 
were set at 5 nm. The solution was subsequently scanned on 
the fluorophotometer and the fluorescent intensity of the 
system was recorded. 

2.3.2. Synchronous Fluorescence Measurements 

Preparation of solution is the same as that of the former. The 
fluorescence spectra of the CFS-trypsin systems were 
recorded when the ∆λ value between the excitation and 
emission wavelengths was stabilized at 15 and 60 nm, 
respectively. 

2.3.3. UV-vis Absorption Measurements 

A volume of 1.0 mL of Tris-HCl (pH=7.40), 1.0 mL trypsin 
solution (4.0×10-5 M), and different concentrations of 
cefonicid sodium were added into 10 mL colorimetric tube 
successively. The samples were diluted to scaled volume with 
double-distilled water, mixed thoroughly by shaking, and kept 
static for 30 min at 303 K. With appropriate concentration of 
cefonicid sodium as the blank reference, the ultraviolet 
absorbance of the determination of solution, and draw the 
ultraviolet absorbance of the CFS-trypsin systems 
spectrogram. 

2.3.4. Molecular Docking Investigation 

The crystal structure of trypsin (PDB ID:2PTN) was 
obtained from the Protein Data Bank, Structural formula of the 
CFS in Chemdraw Pro 14.0 software, At the same time in the 
Chembio 3D Ultra 14.0 software to optimize the energy of its 
three-dimensional structure. Finally use Autodock 4.2.6 
software to molecular docking of CFS and trypsin, application 
of Lamarck (LGA) genetic algorithm to calculate the 
combined with protein drug molecules possible conformation 
[11]. 

3. Results and Discussion 

3.1. Ultraviolet Absorption Spectrum of CFS-Trypsin 

Systems 

It is well-known that UV-visible absorption measurement is 
a very simple method and applicable to explore the structural 
change and formation of a complex [12]. The absorption 
spectra of CFS-trypsin combinations are shown in Figure 2. 
Trypsin has two main absorption bands. The strong absorption 
peak at 210 nm is resulted from the π→π* electronic transition 
of peptide backbone structure C=O, which can reflect the 
framework conformation of trypsin [13]. Another the weak 
absorbance of trypsin around 280 nm is primarily caused by 
tryptophan (Trp) and tyrosine (Tyr) (a very small extent on the 
amount of phenylalanine (Phe) and disulfide bonds) [14]. 
When CFS is gradually added, the intensity of the absorption 
peak at about 210 nm decreased and underwent an obviously 
red shift. The results suggest that the interaction between CFS 
and trypsin leads to loosen or destruct of the protein backbone 
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CTrypsin=4.0×10-6mol/L, 1~6 CCFS=（0, 0.4, 0.8 2.0, 4.0, 5.0)×10-5 mol/L 
Figure 2. Absorption spectrum of CFS-trypsin systems (T=298 K). 

3.2. Fluorescence Spectra of CFS-Trypsin Systems 

Proteins are considered to have intrinsic fluorescence due to 
the presence of amino acids, mainly Trp, Tyr. When the 
excitation wavelengths were at 280 nm and 295 nm, the 
emission peaks for trypsin were both located at 340 nm. We 
recorded the fluorescence spectra of CFS-trypsin systems 
which were shown in Figure 3. As depicted in Figure 3, the 
fluorescence intensity of trypsin decreased regularly with the 
addition of CFS when the excitation wavelength was 280 nm, 
which indicated that CFS could quench the intrinsic 
fluorescence of trypsin strongly and there was an interaction 
between CFS and trypsin. 

In order to confirm the quenching mechanism, the 
fluorescence quenching data are analyzed by the Stern-Volmer 
equation [16] (2): 

0 0/ 1 [ ] 1 [ ]q svF F K Q K Qτ= + = +            (2) 

Where F0 is the fluorescence intensities in the absence of 
CFS, F is that in the presence of different concentration of 
CFS. τ0 is the average life time of the protein without the 
quencher (10−8 s), and [Q] is the concentration of the quencher. 
Ksv and Kq are the Stern-Volmer quenching constant and the 
quenching rate constant of biomolecular, respectively. Based 
on the linear fit plot of F0/F versus [L], values of Ksv and Kq 

could be obtained at different temperatures. The calculated 
results were shown in Table 1. Table 1 showed that the value 
of Ksv gradually decreased with rising temperature. That is to 
say, the extent of fluorescence quenching of CFS to trypsin 
was reduced with rising temperature. The results indicated 
that fluorescence quenching was not caused by diffusion and 
collision of dynamic quenching, but was static quenching 
process forming ground-state complex between CFS and 

trypsin [17]. In addition, values of Kq were much greater than 
the maximum scatter collision quenching constant of various 
quenchers (2×1010 M-1·s-1) under different temperatures, 
which also suggested that the quenching was a static process 
[18].  

The binding constant (Ka) and the number of binding sites 
(n) can be calculated by the double logarithm regression curve, 
shown in the following equation [19]:  

[ ] [ ]0 0log log n loga t t

F F F F
n K D n B

F F

− −   = + −  
   

  (3) 

Where [Dt] and [Bt] are the total concentrations of CFS and 
trypsin, respectively. On the assumption that n in the bracket is 
equal to 1 (the results remain the same no matter what the 
value of n is hypothesized in the bracket, for example, n=1, 2, 
3, 7.3 or 13.7, the calculation remain the same). The curve of 
log (F0/F-1) versus log {[Dt]-[Bt] (1-F/F0)} is drawn and fitted 
linearly, then the value of n can be obtained from the slope of 
the plot. If the n value obtained is not equal to 1, then it is 
substituted into the bracket and the curve of log (F0/F-1) 
versus log {[Dt]-n [Bt](F0-F)/F0} is drawn again. The above 
process is repeated again and again till n obtained is only a 
single value or a circulating value. The value of n and binding 
constant Ka can be obtained from the slope and the intercept of 
the plot which were shown in Table 1. As seen in Table 1, 
values of n were all about 1, which suggested that just one 
binding site for CFS existed in trypsin. Meanwhile, the 
binding constants Ka decreased with increasing temperature, 
that is to say, the stability of ground-state complex was 
reduced with rising temperature, further suggesting that the 
quenching was a static process [20]. 

 

Figure 3. Fluorescence spectrum of CFS- trypsin systems (T = 303 K, λex= 

280 nm). 

CTrypsin= 4.0×10-6 mol/L; 1~10 CCFS= (0, 0.4, 0.6, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 

8.0)×10-5 mol/L 
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Table 1. Quenching reactive parameters of CFS and trypsin at different temperatures. 

λex/(nm) T/(K) Kq/(L/mol·s) Ksv/(L/mol) r1 Ka /(L/mol) n r2 

280 
303 1.65×1012 1.65×104 0.9981 1.73×104 1.08 0.9983 
310 1.62×1012 1.62×104 0.9950 1.65×104 0.99 0.9949 
318 1.48×1012 1.48×104 0.998 1 1.53×104 0.83 0.9981 

295 
303 9.23×1011 9.23×103 0.9904 9.34×103 0.96 0.9977 
310 8.32×1011 8.32×103 0.9949 8.43×103 0.89 0.9984 
318 7.56×1011 7.56×103 0.9925 7.82×103 0.85 0.9931 

r1 is the linear relative coefficient of F0/F~[Q]; r2 is the linear relative coefficient of log(F0-F)/F～log{[Dt]-n[Bt](F0-F)/F0}. 

3.3. The Participation of Amino Acid Residue Studies in 

CFS-Trypsin Systems 

At 280 nm wavelength, the Try and Tyr residues in trypsin 
are excited, whereas the 295 nm wavelength excites only 
tryptophan residues [21]. Based on the Stern-Volmer equation, 
comparing the fluorescence quenching of protein excited at 
280 nm and 295 nm allows to estimate the participation of Trp 
and Tyr groups in CFS-trypsin systems [22]. From Figure 4, in 
the presence of CFS, the quenching curves of trypsin excited 
at 280 nm and 295 nm did not overlap, and the extent of 
fluorescence quenching at 280 nm was larger than the extent 
of fluorescence quenching at 295 nm. This showed that 
tryptophan and tyrosine residues both participated in the 
CFS-trypsin complexation process. From Table 1, at the same 
temperature, the values of Ka at excitation wavelengths of 280 
nm and 295 nm showed differences, which also shown that 
tryptophan and tyrosine residues both participated in the 
interaction between CFS and trypsin. 

 

CTrypsin = 4.0×10-6mol/L; CCFS= (0.4, 0.6, 1.0, 2.0, 3.0) ×10-5 mol/L 

Figure 4. Quenching curves of CFS-trypsin systems (λex = 280 and 295 nm). 

3.4. Synchronous Fluorescence Spectra of CFS-Trypsin 

Systems 

When the value of ∆λ between the excitation and emission 
wavelengths is stabilized at either 15 nm or 60 nm, 
synchronous fluorescence gives characteristic information for 
Tyr or Trp, respectively [23]. It can be seen from Figure 5, the 
fluorescence intensity of both Try and Tyr residues decreased 
regularly, but the emission wavelength of the Try residues was 
red shifted with increasing concentration of CFS. At the same 
time, there was no change in the emission wavelength of Tyr 
residues. The red shift effect suggested that the 

microenvironment of around Try residues was changed and 
the hydrophility of tryptophan residues increased in the 
presence of CFS [24]. According to the equation (2) and (3), 
the quenching parameters for ∆λ=60 nm and ∆λ=15 nm are 
shown in Table 2. From Table 2, it can be seen that the values 
of Ksv decreased with increasing temperatures for CFS-trypsin 
systems, which indicated that the probable quenching 
mechanism of the interaction between CFS and trypsin was a 
static process. At the same time, the values of Kq were much 
greater than the maximum scatter collision quenching 
constant of various quenchers (2×1010 M-1·s-1) under different 
temperatures, which proved that the quenching process was a 
static quenching process with the formation of a new complex 
[25]. The n value approaches unity, suggesting that CFS binds 
with trypsin moderately through a 1:1 binding mode; the 
decreasing trend of the Ka with increasing temperature was 
conformed with static quenching process [26]. 

 

 

Figure 5. Fluorescence spectrum of CFS-trypsin systems (T = 303 K) (A) 

∆λ=15nm; (B) ∆λ=60nm. 

CTrypsin = 4.0×10-6mol/L; 1~10 CCFS= (0, 0.4, 0.6, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 
8.0) ×10-5mol/L 



84 Jinju Wang et al.:  Mechanism of Interaction Between Cefonicid Sodium and Trypsin by  
Spectroscopic and Molecular Docking Methods 

 

Table 2. Quenching reactive parameters of CFS and trypsin at different temperatures. 

∆λ/(nm) T/(K) Kq/(L/mol·s) Ksv/(L/mol) r1 Ka /(L/mol) n r2 

15 
303 1.00×1012 1.00×104 0.9945 1.10×104 0.97 0.9903 
310 9.88×1011 9.88×103 0.9980 9.67×103 0.87 0.9967 
318 9.84×1011 9.84×103 0.998 4 9.15×103 0.81 0.9937 

60 
303 1.39×1012 1.39×104 0.9945 1.48×104 0.99 0.9975 
310 1.32×1012 1.32×104 0.9919 1.31×104 0.81 0.992 8 
318 1.14×1012 1.14×104 0.9956 1.29×104 0.83 0.9975 

Kq quenching rate constant; Ka is the binding constant; n is the number of binding site; r3 is the linear relative coefficient of F0/F∼[L]; r4 is the linear relative 
coefficient of log(F0−F)/F∼log{[Dt]-n[Bt](F0−F)/F0}. 

3.5. Type of Interaction Force of CFS-Trypsin Systems 

In general, the interaction between biological 
macromolecules and small molecules can be described by four 
types of interaction: hydrophobic, hydrogen bonding, van der 
Waals and electrostatic interactions [27]. The type of 
interaction force of CFS-trypsin systems can be gained 
through the thermodynamic parameters of reaction of CFS 
with trypsin. Some thermodynamic parameters like standard 
enthalpy change (∆H), standard entropy change (∆S) and 
Gibbs free energy change (∆G) of binding reaction are the 
functions of temperature and can be regarded as the basic 
criteria confirming the binding model [28]. Therefore, these 
parameters were calculated from the van't Hoff equation: [29] 

ln /
a

R K H T S= −∆ + ∆                 (4) 

G H T S∆ = ∆ − ∆                     (5) 

Where R is the gas constant (R=8.314 mol·K/J), T is the 
experimental temperature and Ka is binding constant at 
corresponding temperature. According to the thermodynamic 
parameters of small molecules and biological macromolecules, 
the interaction types can be easily judged. For CFS-trypsin 
systems, based on the Ka value of different temperatures, the 
calculated results were shown in Table 3. The negative value 
of ∆G clarified a spontaneous reaction between CFS and 
trypsin. The negative value of ∆H and positive value of ∆S 

showed that the reaction between CFS and trypsin mainly 
electrostatic attraction [30]. Furthermore, synchronous 
fluorescence and fluorescence quenching two methods got the 
same conclusion. 

Table 3. The thermodynamic parameters of CFS-trypsin at different 

temperatures in two ways. 

 T/(K) 
Ka/ 

(L/mol) 

∆H/ 

(KJ/mol) 

∆S/ 

(J/mol·K) 

∆G 

/(KJ/mol) 

∆λ=15n
m 

303 1.10×104 
-9.77 

45.12 -23.44 
310 9.67×103 44.77 -23.65 
318 9.15×103 45.11 -24.11 

∆λ=60n
m 

303 1.48×104 
-7.25 

55.90 -24.19 
310 1.31×104 55.43 -24.43 
318 1.29×104 55.89 -25.02 

λex = 
280 nm 

303 1.73×104 
-6.57 

59.42 -24.59 
310 1.65×104 59.52 -25.02 
318 1.53×104 59.42 -25.47 

λex = 
295 nm 

303 9.43×103 
-9.46 

44.79 -23.03 
310 8.43×103 44.64 -23.29 
318 7.82×103 44.79 -23.70 

3.6. Hill's Coefficient of CFS-Trypsin Systems 

According to the Hill's coefficient of CFS-trypsin systems, we 
can make a quantitative analysis for cooperative binding between 
protein and ligands on the basis of the following equation: [31] 

lg lg lg[ ]
1

H

Y
K n L

Y
= +

−
                (6) 

Where Ka is the binding constant, Y is the fractional binding 
saturation, and nH is the Hill's coefficient. Hill's coefficient is 
greater than 1, which exhibits positive cooper-activity and its 
role is enhanced with increasing nH. Conversely, Hill's 
coefficient is less than 1, which exhibits negative 
cooper-activity and its role is enhanced by decreasing nH. A 
coefficient of 1 indicates non-cooperative reaction. 

For fluorescence measurement: 

1
m

Y Q

Y Q Q
=

− −
                     (7) 

0

0

F F
Q

F

−
=                       (8) 

Where 1/Qm is intercept of the plot 1/Q versus 1/[L]. 
According to the formula (6), Hill's coefficient of CFS-trypsin 
systems can be gained from the slope of the plot of log[Y/ (1−Y)] 
versus log [L]. The results were presented in Table 4. We could 
see that the values of nH were slightly greater than 1 at different 
temperatures, which indicated that there were positive 
cooperative reaction between trypsin and CFS. Meanwhile, it 
illustrated that with the increase of temperature, the 
concentration of CFS on the fluorescence quenching of trypsin 
was more difficulties, and the binding constant decreases with 
the increase of the temperature. Finally, the experimental results 
show that the synergy between the fluorescence quenching 
method and the synchronous fluorescence method is consistent 
with the CFS-trypsin systems. 

Table 4. Hill coefficient of CFS-trypsin systems at different temperatures. 

T/K 
λex = 280 nm λex =295 nm ∆λ=15 nm ∆λ=60 nm 

nH r3 nH r3 nH r3 nH r3 

303 0.94 0.9902 1.02 0.9981 1.02 0.9920 1.22 0.9906 
310 0.97 0.9952 0.97 0.9989 1.00 0.9956 1.12 0.9917 
318 1.02 0.9941 1.01 0.9992 1.04 0.9901 1.24 0.9904 

r3 is the linear relative coefficient of log[Y/(1−Y)] ~ log[L], nH is the Hill's 
coefficient. 
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3.7. Binding Distances between Trypsin and CFS 

According to Förster's non-radiative energy transfer theory 
[32], the distance(r) between the donor and the acceptor, 
critical energy transfer distance R0 when the transfer 
efficiency is 50 % and the energy-transfer efficiency E can be 
calculated by the formulas: [33] 

6
0

6 6
00

1
R F

E
FR r

= = −
+                (9) 

6 25 2 4
0 8.78 10R K N J− −= × Φ            (10) 

4( ) ( )

( )

F
J

F

λ ε λ λ λ
λ λ

∆
=

∆
∑
∑

              (11) 

Where F0 is the fluorescence intensity of donor, F is the 
fluorescence intensity for the donor in presence of same 
concentration acceptor, K

2 is the orientation factor, Φ is the 
fluorescence quantum yield of the donor in the absence of 
acceptor, N is a refractive index of the medium, F (λ) is the 
fluorescence intensity of the fluorescence donor at wavelength 
λ and ε (λ) is the molar absorption coefficient of the acceptor at 
this wavelength. Under these experimental conditions, it has 
been reported that K2=2/3, N =1.336 and Φ=0.118 [34]. J is the 
overlap integral between the fluorescence emission spectrum 
of the donor and the absorption spectrum of the acceptor. Thus 

J, E, R0 and r were calculated and shown in Table 5. As seen in 
Table 5, the donor-to-acceptor distance r<7 nm indicated that 
the energy transfer from trypsin to CFS occurred with high 
possibility [35]. The distance r increased and the energy 
efficiency E decreased with increasing temperature, which 
resulted in the reduced stability of the binary systems and the 
values of Ka. Moreover, the value of r was greater than R0 in 
this study which suggested that CFS could strongly quench the 
intrinsic fluorescence of trypsin by a static quenching 
mechanism. 

 

Figure 6. Overlap of the fluorescence spectrum of trypsin (λex=280nm) (1) 

and the absorption spectrum of CFS (2) (T =303K), CCFS = CTrypsin 

=4.0×10-6mol/L. 

 

Table 5. Binding parameters between trypsin and CFS at different 

temperatures. 

T/(K) E/(%) J/(cm3·L/mol) R0/(nm) r/(nm) 

303 3.94 6.03×10-16 1.53 2.61 

310 3.86 6.15×10-16 1.62 2.74 

318 3.83 6.23×10-16 1.59 2.72 

3.8. Molecular Docking 

Molecular simulation technology was widely used in the 
analysis of the interaction between protein and ligand. The 
aim of molecular docking was finded the best binding position 
between the substrate and the receptor molecule. The optimal 
binding position of trypsin and drug small molecule was 
selected by molecular docking software, the docking results 
data processing shows that, the combination of CFS and 
trypsin for 25.05 KJ/mol, and the results with the experiment 
of the proceeds of the thermodynamic parameters are very 
close to (∆G=25.02 KJ/mol), which is further evidence of the 
interaction between CFS and trypsin. 

As shown in Figure 7, it is the best conformation of CFS 
with trypsin molecular docking. CFS molecules are ammonia 
acid residues Tyr59, Cys58, Lys60, Phe41, Cys42, Cys58, 
His57, Ser195, Gly193, Gln192, Cys191, Trp215, Gly216, 
Gly219 and Cys220 by surrounded, most amino acid residues 
of hydrophobic amino acid residues. This result indicates that 
the hydrophobic interaction exists between CFS and typsin, 
and the electrostatic attraction is the main force. And CFS can 
effectively quench the trypsin fluorescence, which is 
consistent with the experimental results of fluorescence 
spectra. Figure 7 is the best conformation of CFS and trypsin 
molecular docking. 

 
(1) 
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(2) 

Figure 7. Computation docking model of the interaction between CFS and 

trypsin. (1) Binding site in the trypsin cavity． (2) Detailed illustration of the 

amino acid residues lining the binding site in the trypsin cavity. 

More clearly from the Figure 7 found that CFS with Lys60, 
Ser195 and Gly216 form hydrogen bond, bond length were 
1.775, 1.982, 1.840 Å. The results show that there are strong 
hydrogen bonding effect between CFS and trypsin. Therefore, 
the research results show that the combination of molecular 
docking model of CFS and trypsin is mainly the hydrophobic 
interaction, hydrogen bonding interactions exist at the same 
time, consistent with the experimental results. 

4. Conclusions 

In this work, the interaction of trypsin with CFS has been 
studied by using spectroscopic techniques and molecular 
docking method. The thermodynamic parameters indicated 
that the interaction between CFS and trypsin was spontaneous 
and hydrophobic forces played primary roles in stabilizing the 
CFS-trypsin complex. Besides, the molecular docking results 
showed the specific binding site and the detailed information 
of hydrogen bond, and hydrophobic interaction between the 
protein and ligand. At the same time, the performed results 
provide some important information on the structure and 
function of protein and may be useful for pharmacology and 
biochemistry. 
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