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The interactions between trypsin and gallic acid (GA) were investigated by means of fluo-

rescence spectroscopy, UV-vis absorption spectroscopy, resonance light scattering (RLS)

spectroscopy, synchronousfluorescence spectroscopy, and enzymatic inhibition assay. Itwas

found that GA can cause the fluorescence quenching of trypsin during the process of for-

mation of GA-trypsin complex, resulting in inhibition of trypsin activity (IC50¼ 3.9� 10�6mol/

L). Thefluorescence spectroscopic data showed that the quenching efficiency can reach about

80%.Thebinding constantswere 1.9371� 104 L/mol, 1.8192� 104 L/mol, and1.7465� 104 L/mol

at three temperatures, respectively. The thermodynamic parameters revealed that hydrogen

bonds, van der Waals, hydrophobic, and electrostatic interactions were involved in the

binding process of GA to trypsin. Molecular modeling studies illustrated a specific display of

binding information and explained most of the experiment phenomena. The microenviron-

ments of tryptophan and tyrosine residue in trypsin were changed by the GA. Results indi-

cated that GA was a strong quencher and inhibitor of trypsin.

Copyright © 2014, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC.  
Open access under CC BY-NC-ND license.
1. Introduction

In recent years, there has been much attention to the inter-

action of small molecules with proteinases [1e3], which

is related to understanding the medicine, chemistry, food

science, toxicology, and biology [4]. Trypsin (EC 3.4.21.4) is an

important protease in the human digestive system and plays

an important role in many physiological processes [5].

Therefore, studies on the interactions of trypsin with small
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molecules have great significance in understanding the inhi-

bitionmechanisms of the smallmolecules [6]. The structure of

trypsin is shown in Fig. 1A. Fruits, health drinks, and func-

tional beverages are the main sources of the small molecules

entering the human body, which influence the trypsin activity

in vivo [7,8]. Several reports about interactions between trypsin

and several proteinase inhibitors have been published,

such as cinnamic acid [9], methotrexate [10], caffeine, and

theophylline [11]. However, there was no report on the in-

teractions between polyphenol and trypsin.
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Fig. 1 e The molecule structure of trypsin (A) and gallic acid (GA) (B).
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Gallic acid (3,4,5-trihydroxybenzoic acid, GA) is one of the

natural occurring polyphenolic compounds in food, biological,

pharmaceutical, chemical, andotherfields [12]. The structureof

the GA is shown in Fig. 1B. Reports confirmed the restoration of

lysosomal damage, myocardial damage, and lipid peroxidation

induced by isoproterenol during GA treatment [13]. GA shows

cytotoxicity against cancer cellswithoutdamagingnormal cells

[14]. GA can be used to treat diabetes and albuminuria, and also

exhibits a variety of pharmacologic properties such as antioxi-

dant, antitumor, antiinflammatory, antibacterial, and antiviral

activities [15e22]. However, there has not been enough atten-

tion paid to the interaction of GA with trypsin by spectroscopy.

The use of fluorescence quenching is simple and sensitive.

Therefore, it is an important method to study the interaction

between small molecules and proteinases [23e25]. Fluores-

cence spectroscopy can not only explain the result of the

experiment, but also obtain dynamic information and special

structure [26,27]. In this paper, the effects of GA on the struc-

ture and activity of trypsin and the interaction mechanism

between GA and trypsin were studied by UV-vis absorption

spectroscopy, fluorescence spectroscopy, synchronous fluo-

rescence spectroscopy and resonance light scattering (RLS).

The data provided information on the influence of the binding

constant, binding distance, binding force, and thermodynamic

aspects in the binding process.
2. Materials and methods

2.1. Apparatus

All the fluorescence spectra were recorded on an LS-50 fluores-

cence spectrophotometer (Perkinelmer Corp., London, UK)

equipped with 3 cm quartz cell. UV-vis absorption spectra were

measured at room temperature with an Ultrospec 2100 pro

spectrophotometer (General Electric Company, London, UK)

equippedwith 3 cmquartz cell. Thewidths of the excitation and

theemissionslitsof trypsinwere5.0nmand5.0nm,respectively.

2.2. Reagents

The trypsin (Sigma Aldrich, New York, USA) was obtained

from the USA and the GA (Guizhou Dida Biological Technolog
Co., Ltd, Guiyang, China) was purchased from Guizhou Dida

Biological Technology Co., Ltd. The trypsin solution

(4 � 10�5 mol/L) was prepared in pH 7.40 phosphate buffer. GA

solution was prepared in deionized water. Other reagents

were analytical grade and deionized water was used

throughout. All solution was stored at 4�C in a refrigerator.

2.3. Fluorescence measurements

The trypsin (2 mL, 4 � 10�5 mol/L) solution and 2 mL different

concentration of GAwere added into a 10mL volumetric flask,

and phosphate buffer was added to dilute the mixture to the

scale mark. The fluorescence intensities of all solutions were

measured (excitation at 280 nm and emission wavelengths of

300e500 nm) with a, LS-50 fluorescence spectrophotometer at

three temperatures (25�C, 31�C, 37�C). Synchronous fluores-

cence spectra were recorded with lex ¼ 280 nm. The D-value

(Dl) was 15 nm and 60 nm, respectively.

2.4. UV-vis absorbance measurement

The UV-vis absorbance spectra of GA and trypsin were

recorded at 298 K. Trypsin of fixed concentration in the

absence and presence of GA was added to the test tube.

2.5. Study of trypsin activity

The catalysis activity of trypsin was determined by the

modified Lowry assay. Specific methods of operation were

0.5% casein, GA of different concentrations, and 4 � 10�5 mol/

L trypsin solution preheated for 5 minutes. GA (2 mL) and

casein (2 mL) solutions were added to 2 mL trypsin solution.

The reaction kept for 10minutes at 40�C (accurate to seconds).

An amount of 4 ml 0.4 mol/L Trichlooacetic acid was added to

the mixture to end the reaction. They were then kept for

20 minutes at 40�C. The precipitate was removed by filtration.

Amounts of 1 mL supernatant, 5 mL 0.4 mol/L Na2CO3,

and 1 mL Folin-phenol reagent were mixed and colored for

20 minutes at 40�C. The absorbance of the mixture was

measured at a wavelength of 680 nm. No GA-mixed trypsin

was taken as the blank group. Trichloroacetic acid solution

was added to the trypsin solution tomake the trypsin inactive.

Then, the casein solution was added to the mixture as the

http://dx.doi.org/10.1016/j.jfda.2014.09.001
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control group. Each experiment group had a control group.

The inhibition rate was calculated as follows:

Inhibition rate ð%Þ ¼ A� a
A

� 100 (1)

whereA and awere the absorbance of the blank group and the

experimental group, respectively.

2.6. Molecular modeling study

The 3D structure of trypsin (PDB ID: 4I8G) was downloaded

fromProtein Data Bank (http://www.rcsb.org/pdb/home/home.

do). AutoDock Vina 1.1.2 was used for all docking calculations.

The AutoDockTools 1.5.6 package (http://mgltools.scripps.edu)

was employed to generate the docking input files. The search

grid of trypsin was identified as center_x: �1.793, center_y:

�14.925, and center_z: �16.941 with dimensions size_x: 16,

size_y: 16, and size_z: 16. The value of exhaustiveness was set

to 20. For Vina docking, the default parameters were used if it

was not mentioned. The best-scoring pose as judged by the

Vina docking score was chosen and visually analyzed using

PyMOL (http://www.pymol.org/).
3. Results and discussion

3.1. UV-vis absorption spectra

UV-vis absorption is a simple and effective method to

research the change of structure and the formation of a

complex [28]. The change of microenvironment around the

chromophore in trypsin can result in the change of absorption

spectra about protein. So, the UV-vis absorption spectra of

protein can be used for studying the changes of protein

structure in solution. The absorption spectral changes of

trypsin in the presence and absence of drugs are shown in

Fig. 2. There was an absorption peak at 290 nm, which was

related to the aromatic amino acid absorption. With the

addition of GA, the peaks of trypsin increased and a red shift

was observed. The results indicated the formation of a new

complex between GA and trypsin. Fig. 2 shows different

spectra between trypsin, GA, and GA-trypsin. If no interaction
Fig. 2 e The UV absorption spectra of gallic acid (GA) bound

to trypsin at pH 7.4. C(GA) ¼ 1 £ 10¡5 mol/L,

C(trypsin) ¼ 1.5 £ 10¡5 mol/L.
happened between trypsin and GA, the spectra of trypsin and

(gallic acid þ trypsin)-gallic acid should be the same. The re-

sults illustrated that there was a change in the conformation

of trypsin and the microenvironment around the tryptophan

residues when GA was mixed. GA influenced the functional

groups and exposed the chromophore in the trypsin mole-

cules to the surfaces of molecules.

3.2. Fluorescence quenching of trypsin

The method of fluorescence can reveal some information

about binding between small molecules and proteins [29]. Due

to the fluorescent properties of tryptophan and tyrosine in

trypsin, tryptophan, and tyrosine can be regarded as probes to

detect the conformation change of trypsin. Tryptophan and

tyrosine residues are excited when the excitation wavelength

is at about 280 nm. The fluorescence intensity and position are

related to the microenvironment of these residues [30].

Fluorescence quenching is a phenomenon of interaction

between fluorescent substances and othermolecules [31]. The

mechanisms of fluorescence quenching include dynamic

quenching and static quenching [32].

The influence of GA on fluorescence intensity of trypsinwas

investigated. The GA is nonfluorescent. The trypsin fluores-

cence peakwas at about 350nm.Anobvious decrease of trypsin

fluorescence intensity was observed when GA was added into

the solution as shown in Fig. 3A, B, and C. The quenching effi-

ciencieswere80.75%, 80.04%, and79.48%, respectively.Thedata

of fluorescence were analyzed by the Stern-Volmer equation:

F0

F
¼ 1þ Kqt0½Q� ¼ 1þ Ksv½Q� (2)

where F0 and F are the trypsin fluorescence intensities before

and after GA is added into solution, respectively, Kq is the

quenching rate constant of trypsin [33], t0 is the fluorescent

life of trypsin in the presence of quencher and taken as 10�8

[34], Ksv is the Stem-Volmer quenching constant, and [Q] is the

concentration of GA. Kq and Ksv can be determined bymapping

for F0/F and concentration of GA.

Fig. 4 shows the Stern-Volmer plots of the fluorescence

quenching of trypsin by GA. Good linearity appeared in the

curves. Linear Stern-Volmer plotsmay reveal the occurrence of

a single type of quenching [35]. For dynamic quenching, the

maximum scatter collision quenching rate constant of various

quenchers is 2.0 � 1010 L/mol/s [36]. In this paper, Ksv and Kq

values at different temperatures are shown in Table 1. In this

table, Ksv was negatively correlated with temperature, which

revealed that the quenching mechanism between trypsin and

GA was due to the formation of a GA-trypsin complex. In addi-

tion, all the values of Kq are greater than the maximum colli-

sional quenching constant of various quenchers for biological

macromolecules (2.0 � 1010 L/mol/s). Therefore, these results

indicated that the quenching mechanism of trypsin with GA

was initiated by the formation of a GA-trypsin complex.

3.3. Binding constants

For the static quenching interaction, the binding constant (KA)

between trypsin andGA can be obtained from the Lineweaver-

Burk equation [37]:

http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
http://mgltools.scripps.edu
http://www.pymol.org/
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Fig. 3 e Effect of gallic acid (GA) on fluorescence spectra of

trypsin (pH¼ 7.4, lex¼ 280 nm) at different temperatures (A:

25 �C, B: 31 �C, andC: 37 �C),with the trypsin concentration of

4 £ 10¡5 mol/L, and GA concentration of 0 mol/L,

1.0 £ 10¡5 mol/L, 2.0 £ 10¡5 mol/L, 3.0 £ 10¡5 mol/L,

4.0 £ 10¡5 mol/L, 5.0 £ 10¡5 mol/L, 6.0 £ 10¡5 mol/L, and

8.0 £ 10¡5 mol/L, respectively (from spectra 1 to spectra 8).

Fig. 4 e The Stern-Volmer plots for the fluorescence

quenching of trypsin by gallic acid (GA). The concentration

of trypsin is 4 £ 10¡5 mol/L, pH 7.4, lex ¼ 280 nm.
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1
F0 � F

¼ 1
F0KA½Q� þ

1
F0

(3)

where KA is the binding constant, which can be calculated

from the slope and intercept of the curve from 1/F0-F vs. 1/[Q],
as shown in Fig. 5. The KA values at different temperatures are

shown in Table 2. The binding constant decreased with the

increasing temperature, which indicated the formation of a

low stability complex.

3.4. Thermodynamic parameters and binding forces

The interaction forces between biomolecules and small mol-

ecules include hydrogen bonds, electrostatic interactions, van

der Waals interactions, hydrophobic forces, etc. [38]. Ther-

modynamic parameters are major evidence for certificating

the binding force. If the effect of temperature is small in the

reaction, the enthalpy change (DH) can be regarded as a con-

stant. The values of enthalpy change (DH), entropy change (DS)

and the free-energy change (DG) can be calculated using the

Van't Hoff and thermodynamic equations [39]:

InKA ¼ �DH
RT

þ DS
R

(4)

DG ¼ DH� TDS (5)

KA is the Lineweaver-Burk binding constant at different tem-

peratures. R is the gas constant (R ¼ 8.314 J/mol/K). DH and DS

can be calculated by the linear relationship between InKA and

1/T based on Equation (4). The free energy change (DG) can be

obtained from Equation (5). The Van't Hoff curve is shown in

Fig. 6. The fitting equation is InKA ¼ 7.1977 þ 795/T (R2 ¼ 0.999).

The values ofDH andDS could be calculated from the intercept

and slope of the curve, respectively. The values of DH, DS, and

DG for GA binding to trypsin are presented in Table 3.

There are several noncovalent interaction forces between

small molecules and protein macromolecules according to

Ross and Subramanian [40], such as hydrogen bonds, van der

Waals forces, hydrophobic, and electrostatic interactions [41].

DG < 0means that the binding of GA and trypsin is a process of

spontaneous exothermic. DH < 0 and DS > 0 show that hy-

drophobic interactions are involved in the binding process.

Electrostatic interactions are characterized by DH z 0 and

http://dx.doi.org/10.1016/j.jfda.2014.09.001
http://dx.doi.org/10.1016/j.jfda.2014.09.001


Table 1 e Stern-Volmer quenching constants for the gallic acid (GA)-trypsin system at different temperatures.

T (�C) Equation R2 Ksv (10
5 L/mol) Kq (10

13 L/mol/s)

Trypsin þ GA 25 �C F0/F ¼ 1.0165 þ 0.2008 � 105 [Q] 0.9906 0.2008 0.2008

31 �C F0/F ¼ 1.0413 þ 0.1603 � 105 [Q] 0.9927 0.1603 0.1603

37 �C F0/F ¼ 1.0743 þ 0.1269 � 105 [Q] 0.9976 0.1269 0.1269

Fig. 5 e The Lineweaver-Burk curves for quenching of

trypsin by gallic acid (GA) at different temperature.

Fig. 6 e Van't Hoff plot for gallic acid (GA) bound to trypsin.
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DS > 0. In addition, DH < 0 could also indicate van der Waals

interactions. As shown in Table 3, it could be inferred that

hydrophobic and electrostatic interactions were drawn into

the binding process. In most cases, the reaction of small

molecules and the proteins is the synergetic effect of a variety

of forces. Three hydroxyl groups in GAmolecules also indicate

that hydrogen bonds may participate in the reaction. There-

fore, it could be concluded that hydrogen bonds, van der

Waals, hydrophobic, and electrostatic interactions were

involved in the binding process of GA and trypsin.
3.5. Energy transfer between trypsin and GA

Fluorescence resonance energy transfer is an important

technology, which has wide applications for interaction

analysis between biological macromolecules and small mol-

ecules, cellular physiology, and immunity analysis [42]. Ac-

cording to F€orster's theory [43], the nonradiative energy

transfer may occur if the compound met the following con-

ditions: (1) the donor emits fluorescence; (2) there is enough

overlap between the fluorescence emission spectrum of the

donor and absorption spectrum of the receptor; and (3) the

maximum distance between the donor and the receptor is

<7 nm. The binding distance between the emission
Table 2 e The binding constants between gallic acid (GA) and

T (�C) Lineweaver-Burk

GA þ trypsin 25 �C Y ¼ 0.0030 þ 0.0158

31 �C Y ¼ 0.0035 þ 0.0202

37 �C Y ¼ 0.0045 þ 0.0245
fluorescence groups can be determined between protein

molecules and small molecules by the F€orster theory.

The overlap between UV-vis absorption spectrum of GA

and the fluorescence emission spectrum of trypsin is shown

in Fig. 7. The efficiency of energy transfer E can be described by

the F€orster nonradiative energy transfer theory in the

following equation:

E ¼ R6
0

R6
0 þ r6

¼ 1� F
F0

(6)

where R0 is the F€orster critical distance when the transfer ef-

ficiency is 50%, and r is the distance between the donor and

the receptor. F and F0 are the fluorescence intensities of

trypsin in the presence and absence of GA, respectively:

R6
0 ¼ 8:8� 10�25K2N�4FJ (7)

In Equation (7), K2 is the spatial orientation factor of the

dipole related to the random distribution of the donor and the

receptor. N is the refractive index of the medium. F is the

fluorescence quantum yield of the donor and J is the overlap

integral between the fluorescence emission spectra of the

donor and the absorption spectra of the receptor, which can

be calculated by the equation:

J ¼
P

FðlÞεðlÞl4dl
P

FðlÞdðlÞ (8)
trypsin by Lineweaver-Burk equation.

equation KA (104 L/mol) R2

� 10�5 [Q]�1 1.9371 0.9969

� 10�5 [Q]�1 1.8192 0.9949

� 10�5 [Q]�1 1.7465 0.9970

http://dx.doi.org/10.1016/j.jfda.2014.09.001
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Table 4 e The distance parameters of gallic acid (GA)-
trypsin interaction at pH 7.4.

J (cm3$L$mol�1) E R0 (nm) r (nm)

GA-trypsin 2.72 � 10�14 0.4169 2.31 2.82

Table 3 e Thermodynamic parameters of trypsin-gallic
acid (GA) interaction at pH 7.4.

T (�C) DG (kJ/mol) DH (kJ/mol) DS (J/mol/K)

Trypsin þ GA 25 �C �24.28 �6.61 59.84

31 �C �4.80

37 �C �25.16
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where F(l) is the donor fluorescence intensity at the wave-

length of l, and ε is the molar absorption coefficient of the

receptor at the wavelength of l.

In the above equations, K2 ¼ 2/3, N ¼ 1.336, and F ¼ 0.118.

According to Equations (6e8), J, R0, E and rwere calculated and

are shown in Table 4. The binding distance was <7 nm and 0.5

R0 < r < 2.0 R0. The results showed that the nonradiative en-

ergy transfer occurred between GA and trypsin.

3.6. Characteristics of the RLS spectra

RLS is a new analysis to determine the scattering signal by the

fluorescence spectrophotometer. The RLS analysis is simple,

rapid, and highly sensitive. Therefore, it becomes more pop-

ular in life sciences, environmental science, nanomaterial

analysis, and testing [44,45]. The RLS spectra of trypsin, GA,

and GA-trypsin complex synchronously scanned from 200 nm

to 600 nmwith Dl ¼ 0 nm are recorded. The results are shown

in Fig. 8. An obviously increased RLS was found when a little

GA was added to trypsin solution. It was guessed from the

results that trypsin might interact with GA in solution, form-

ing a new GA-trypsin complex that could be expected to be an

aggregate [46]. The size of GA-trypsin particles may be larger

than those of trypsin, and the increased light scattering signal

appeared under the given conditions.

3.7. Conformation investigation

Synchronous fluorescence spectroscopy is a commonmethod

to provide information about the conformational changes

near fluorophore functional groups [47]. Synchronous
Fig. 7 e Overlap of fluorescence emission of trypsin with

absorption spectra of gallic acid (GA). C

(trypsin) ¼ C(GA) ¼ 1 £ 10¡5 mol/L. 1: The fluorescence

emission spectrum of Trypsin. 2. The UV-vis absorption

spectrum of GA.
fluorescence spectroscopy is a useful method and tool to

investigate the environment of amino acid residues and the

influence of drug on the protein conformation. When the Dl

values between excitation wavelength and emission wave-

length are set at 15 nm or 60 nm, the characteristic informa-

tion of tryptophan and tyrosine residues are given by the

synchronous fluorescence.

The influence of GA on trypsin synchronous fluorescence

spectra is shown in Fig. 9. The synchronous fluorescence

spectra gave the characteristic information of tyrosine

(Fig. 9A) and tryptophan (Fig. 9B), respectively. The red shift

indicated that the tryptophan and tyrosine residues in the

nonpolar environment moved to a more polar environment.

Intensities decreased of tyrosine and tryptophan residues and

the red shift of peaks were observed when GA was gradually

added into the trypsin solution. It can be concluded that GA

may bind to trypsin. Tryptophan and tyrosine residues are

sensitive to the microenvironment and show the change of

trypsin tertiary structure by the synchronous spectra shift.

3.8. Effect on trypsin activity

In order to investigate the influence on the enzymatic activity

of trypsin, the inhibition effects of GA on the activity of trypsin

are shown in Fig. 10. With casein as a substrate, the absor-

bance of trypsin in the presence of GA was determined. IC50

can be calculated from the fitting equation:

Y ¼ �0:0155x3 þ 0:4925x2 � 2:0931xþ 7:1922 (9)

where x is the concentration of GA, and Y is the inhibition rate.

IC50 was 3.9 � 10�6 mol/L obtained from Equation (9). The re-

sults indicated that the inhibition rate of GA to trypsin was

increased by the addition of GA, which was in accordance

with previous reports.
Fig. 8 e The resonance light scattering (RLS) spectra of

gallic acid (GA)-trypsin, trypsin, and GA. C

(trypsin) ¼ 1.5 £ 10¡5 mol/L, C (GA) ¼ 1.0 £ 10¡5 mol/L.

http://dx.doi.org/10.1016/j.jfda.2014.09.001
http://dx.doi.org/10.1016/j.jfda.2014.09.001


Fig. 9 e Influence of gallic acid (GA) on synchronous

fluorescence spectra of trypsin, (A) Dl ¼ 15 nm, (B)

Dl ¼ 60 nm. Both at pH ¼ 7.4, T ¼ 25 �C, with trypsin

concentration of 4 £ 10¡5 mol/L, and GA concentration of

0 £ 10¡5 mol/L, 1.0 £ 10¡5 mol/L, 2.0 £ 10¡5 mol/L,

3.0 £ 10¡5 mol/L, 4.0 £ 10¡5 mol/L, 5.0 £ 10¡5 mol/L,

6.0 £ 10¡5 mol/L, and 8.0 £ 10¡5 mol/L, respectively (from

spectra 1 to spectra 8).

Fig. 10 e The inhibition rate of gallic acid (GA) to trypsin at

different concentrations (pH ¼ 7.4, T ¼ 313 K), C

(trypsin) ¼ 4 £ 10¡5 mol/L.
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In order to confirm the inhibition mode, the Lineweaver-

Burk plots of trypsin in the absence and presence of GA

were drawn (Fig. 11). When GA was added, Km was

0.283 mmol/L, while without GA, Km was 0.211 mmol/L. From

the above enzymatic activity experiment data, the results

indicated that GA could interact with trypsin by the formation

of a trypsin-GA complex, resulting in inhibition of trypsin

activity.

3.9. Computational modeling of the trypsin-GA

The molecular modeling method was originally performed in

drug design and widely used to provide visible binding infor-

mation between small molecules and proteins in recent years

[48]. As shown in Fig. 12, GA fitted into the binding pocket of

trypsin and produced a high density of van derWaals contacts

with the residues. Importantly, one of the hydroxyl groups

forms a hydrogen bondwith residue Gln192, and the other two

hydroxyl groups form hydrogen bonds with residue Ser195.

Additionally, two hydrogen bonds were observed between the

carboxy group and side chain of residues Ser190 and Gly219.

From Fig. 12B, we could see that therewere several tryptophan

and tyrosine residues around GA and their microenvironment

may be changed because of the addition of exogenous sub-

stance. All in all, the above molecular simulation gives us a

rational explanation for the excellent activity of GA against

trypsin, which provided valuable information for further

study of trypsin inhibitors.
4. Conclusion

This paper shows spectroscopic studies on the interactions

between trypsin and GA. The fluorescence spectroscopy re-

sults revealed that GA could bind to trypsin by a static

quenching to form anew compound. Hydrogen bonds, van der

Waals, hydrophobic, and electrostatic interactions were

involved in the formation process of the GA-trypsin complex.
Fig. 11 e The Lineweaver-Burk plots of trypsin in the

absence and presence of gallic acid (GA). pH ¼ 7.4,

T ¼ 313 K), C (trypsin) ¼ 4 £ 10¡5 mol/L.

http://dx.doi.org/10.1016/j.jfda.2014.09.001
http://dx.doi.org/10.1016/j.jfda.2014.09.001


Fig. 12 e (A) The full view of gallic acid (GA) in trypsin. (B) Detailed illustration of the surroundings nearby GA in trypsin.
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The structural change of trypsin was shown by using UV-vis

absorption spectra, synchronous fluorescence spectra, and

RLS spectroscopy, when GAwas added to the trypsin solution.

The tryptophan and tyrosine residue microenvironments

were changed by GA. The results indicated that GA was a

strong quencher and inhibitor. The molecular docking results

agreed well with the experiment data and offered more spe-

cific evidence for explaining the interaction mechanism.

Finally, these results provided a new method to probe the

inhibition effect of digestive enzymes induced by other small

molecules and further advanced the interaction mechanism

between the small molecules and proteinases.
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