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Abstract

SDS-PAGE was applied to determine trypsin activity and inhibition. After the hydrolysis by trypsin
to substrate bovine serum albulnin (BSA) under different temperatures and pH, the hydrolysis
degree of BSA was conducted using SDS-PAGE. From the quantitative analysis to the electrophore-
sis bands of BSA and its hydrolysis products in SDS-PAGE pattern, the change of trypsin activity
was determined, and then the optimum temperature at 40°C and the optimum pH at pH 8.5 - 8.7
for trypsin activity were obtained. All the target bonds in BSA molecule could be hydrolyzed at the
same time by trypsin. The inhibition was due to the binding of inhibitor to trypsin, which made it
impossible for trypsin to touch the substrate protein. SDS-PAGE was demonstrated to be also an
effect method for assaying the characteristics of trypsin activity and its inhibition.
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1. Introduction

As a protease produced mainly in animals, trypsin is an important digestive enzyme. So far trypsin is diffusely
applied to industry, agriculture, ecology and medicine and has been studied widely [1]. The most common la-
boratory methods to determine enzyme activity, Kinetics and inhibition are spectrophotometric and fluorometric
assays [2]. The natural substrates of trypsin are proteins that can be hydrolyzed into peptides, which is inconve-
nient for assaying trypsin activity due to no change of absorption light appear for the peptides. So N-benzoyl ar-
ginine ethyl ester (BAEE) that is a nonprotein substrate mimic for trypsin and the hydrolysis of which can be
observed through a change in absorbance is in common used for assaying trypsin activity [3] [4]. Almost all of
the methods for protease study based on the spectroscopy require labelling of substrates with the chromophore
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or fluorophore groups. However, many assays employing BAEE demonstrate that the activity of trypsin is in-
fluenced, suppressed or enhanced in mixed aqueous-organic solvent systems [5]. In our practice, unstable results
for trypsin activity assay employing BAEE also appeared. In fact, it is difficult to truly reflect the actuality by
using the nonprotein substrate mimic or protein substrate conjugated the chromophore or fluorophore groups for
studying trypsin functional characteristics due to the real substrates of trypsin are proteins.

Recently, a physical technique, isothermal titration calorimetry (ITC) for determine the kinetics of trypsin-
catalyzed hydrolysis was used [6], in which the substrate for trypsin was real substrate protein. In this study, af-
ter the trypsin-catalyzed hydrolysis with the protein as substrate of trypsin, SDS-PAGE was applied to conduct
the changes of protein substrate because the polyacrylamide gels were effective tool for detection of proteins [7]
[8]. Bovine serum albumin (BSA) were used as the substrate, the optima of trypsin-catalyzed hydrolysis and its
inhibition were detected through SDS-PAGE with image scanning and quantitative analysis of the products of
enzymatic reaction. A novel method for trypsin assay was demonstrated, which is of significance for protease
activity assay due to the natural substrate of protease is protein.

2. Materials and Methods
2.1. Materials

Trypsin, trypsin inhibitor (21 KD) purified from soybean and BSA was from Sigma. All other chemicals used in
SDS-PAGE or for buffers were of analytical or chemical grade and were purchased from Guangzhou Chemical
Co. Ltd. (Guangzhou, China). Markers for SDS-PAGE were supplied by Shanghai Sheng Zheng Biotechnology
Co. Ltd. (Shanghai, China).

2.2. Enzymatic Reactions with Different Temperatures

Based on the preliminary test, BSA was directly dissolved in deionized water to make a 5 mg/mL solution and
the concentration of trypsin dissolved in 5 mmol/L HCI was 0.625 mg/mL. EP tube with 0.2 mL trypsin was
placed in preheated water for 5 minutes and then 0.4 mL BSA was added to the tube for the reaction of 10 mi-
nutes. In this condition, as the substrate of enzymatic reaction, BSA was enough to be hydrolyzed by trypsin.
The enzymatic reaction was terminated by put the reaction tube in boiling water. Five temperatures, 20°C, 30°C,
40°C, 50°C, 60°C were adopted respectively in these tests [9] [10]. Every experiment was repeated three times.

2.3. Enzymatic Reactions with Different pH

Tris-HCI buffer of 0.2 mol/L was respectively made in different pH, 0.2 mL of which was mixed with 0.2 mL of
trypsin in EP tube. The reaction tube was placed in 40°C water for 5 minutes and then 0.4 mL BSA was added to
the tube for the hydrolysis of 10 minutes. The enzymatic reaction was terminated by put the reaction tube in
boiling water.

2.4. Enzymatic Reactions with Inhibitor

Inhibitor was directly dissolved in deionized water to make a 1 mg/mL solution. The inhibitor solution of 0, 20,
40, 60, 80, 100 uL was respectively mixed with 0.2 mL trypsin, and then the deionized water of 100, 80, 60, 40,
20, 0 also be respectively added in the EP tube to ensure the same condition of the reaction system. The reaction
tubes were placed in 40°C water for 5 minutes and then 0.4 mL BSA were added to the tubes for the reaction of
10 minutes. The enzymatic reaction was terminated by put the reaction tube in boiling water.

2.5. SDS-PAGE and Their Analyses

After the stopping of trypsin-catalyzed hydrolysis by using boiling water for every sample, the protein solutions
in certain amount (same amount for an experiment) were mixed with 1% SDS-mercaptoethanol solution as the
SDS-PAGE samples. Gel concentration used in SDS-PAGE was 15% and the Coomassie was as the stained so-
lution [11] [12]. Scanning of SDS-PAGE pattern was performed using Azure biosystem C200.

Quantity One 4.4 image analysis software from Bio-Rad is a 1D gel quantification software. The software
mainly used for gel for dish fluorescence quantitative analysis. There are four main functions: swimming road/
stripe track quantitative method, contour direct quantification, colony counting and molecular weight determina-
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tion [13] [14]. The pictures which got from Azure biosystems C200 were analyzed by the software. Quantitative
analysis of any selected region in SDS-PAGE pattern may be performed. The relative concentration can be ob-
tained by the quantitative analysis.

3. Results and Discussion
3.1. Optimum Temperature of Trypsin-Catalyzed Hydrolysis

BSA is a protein containing some lysine and arginine [15] [16], so it would be hydrolyzed by trypsin into small-
er peptides as showed in Figure 1(a). With the different temperatures, the hydrolysis degree for BSA appeared
some difference. Comparing to the others, the most retention of BSA was at 60°C in Figure 1(a), which was al-
so demonstrated by the quantitative 1D SDS-PAGE analyses to the pattern as showed in Figure 1(b). The
amount of product 2 and product 3 at 60°C were less than at the other temperatures, which explained that the
hydrolysis degree from BSA and the product 1 were weaker, or the optimum temperature for trypsin activity
was not at 60°C, maybe trypsin had higher activity at 60°C but was very unstable and lost activity very soon.
The hydrolysis degree of BSA at 20°C, 30°C, 40°C and 50°C had a less difference. But at 50°C, the retention of
product 1 and 2 was more than at the others, and more, the product 3 formed from BSA, product 1 and 2 was
less, which explained that the enzymatic activity was weaker during the reaction comparing to at the other tem-
peratures, 50°C was not the optimum temperature for trypsin activity. Almost no difference appeared among
20°C, 30°C and 40°C for trypsin activity in this experiment condition (only reaction for 10 min). According to
the relationship between temperature and enzymatic activity, 40°C could be considered as the optimum temper-
ature for trypsin activity.

The enzymatic reactions lasted only ten minutes in this experiment, so BSA has not been hydrolyzed com-
pletely. The intermediate productl closed to BSA in SDS-PAGE pattern was an important indicator for
representing the activity of trypsin. At 60°C, the retention of product 1 was the most (Figure 1), and at 50°C, the
retention of this polypeptide obviously became less, which explained the significant difference for trypsin activ-
ity at these two temperatures. But this polypeptide also remained more than at 20°C - 40°C, which further ex-
plained the optimum temperature was not at 50°C.

Therefore, among five temperatures, the most suitable one for trypsin activity was at 40°C.

3.2. Optimum pH of Trypsin-Catalyzed Hydrolysis

The experiment for assaying the optimum pH of trypsin-catalyzed hydrolysis was conducted at 40°C based on
the previous tests. The results were showed in Figure 2. Obviously, at pH 7.3 and 7.6 (lane 1 and lane 2 in Fig-
ure 2(a)), the trypsin were not in the suitable pH environment due to the hydrolysis of BSA were weaker than at
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Figure 1. SDS-PAGE analysis of BSA hydrolyzed by trypsin under different temperatures (a) and
their quantitative comparison (b). (a): Lane 1, 20°C; lane 2, 30°C; lane 3, 40°C; lane 4, 50°C; lane 5,
60°C; lane 6, BSA without hydrolysis by trypsin. (b): Solid line, BSA; dash line, product 1; dot line,

product 2; dash dot line.
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the other pH, also at pH 8.1 (lane 3 in Figure 2(a)). From the quantitative 1D SDS-PAGE analyses as showed in
Figure 2(b), the retention of BSA and product 1 that were the main indicator of hydrolysis degree were more at
pH 8.3 and 9.1 than at pH 8.5 and 8.7.

Therefore, the optimum pH of trypsin-catalyzed hydrolysis was at pH 8.5 and pH 8.7.

3.3. Function by Inhibitor

In this experiment, the volume ratio of the inhibitor to the enzyme was gradually increased with 0, 1/10, 1/5,
3/10, 2/5 and 1/2 to conduct the function of inhibitor. Results were showed in Figure 3, which explained clearly
that the suppression of inhibitor to trypsin-catalyzed hydrolysis became larger as the volume ratio of the inhibi-
tor to the enzyme increased because the hydrolysis of BSA was weaker, but the formation of the small polypep-
tides as product 2 and 3 trended to become less as the volume ratio of the inhibitor to the enzyme increased.
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Figure 2. SDS-PAGE analysis of BSA hydrolyzed by trypsin under different pH (a) and their quan-
titative comparison (b). (a) Lane 1, pH 7.3; lane 2, pH 7.6; lane 3, pH 8.1; lane 4, pH 8.3; lane 5, pH
8.5 lane 6, pH 8.7; lane 7, pH 9.1; lane 8, BSA without hydrolysis by trypsin. (b) Solid line, BSA;
dash line, product 1; dash dot line, product 2. Y-axis (Percentage of gray value) refers to the protein
amount of electrophoresis bands.
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Figure 3. SDS-PAGE analysis of BSA hydrolyzed by trypsin with the existence of different amount
of inhibitor (a) and their quantitative comparison (b). (a) Lane 1, 0 pL of inhibitor solution, as a
control; lane 2, 20 pL of inhibitor solution; lane 3, 40 L of inhibitor solution; lane 4, 60 pL of in-
hibitor solution; lane 5, 80 pL of inhibitor solution; lane 6, 100 pL of inhibitor solution. (b) Solid
line, BSA; dash line, product 1; dot line, product 2; dash dot line, product 3. Y-axis (Percentage of
gray value) refers to the protein amount of electrophoresis bands.
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From Figure 3 and the former experiment results, some information about the process of trypsin-catalyzed
hydrolysis could be speculated. First, all the peptide bonds that may be functioned by the trypsin in BSA mole-
cule, or the peptide bonds formed by lysine or arginine, could be hydrolyzed at the same time as long as the
trypsin was still possessing its activity, which was not related with whether the inhibitor was presented. From
the molecular structure, with about 24 KD molecular weight, the trypsin molecule could not swallow all the
BSA molecule with about 66 KD, the possible reaction process was performed by the active site of trypsin to
touch the target bonds in BSA. Therefore, the inhibition of trypsin-catalyzed hydrolysis was speculated to be
caused by the binding of inhibitor to trypsin, and the inhibitor (about 21 KD) was speculated to bind to the ac-
tive site of the trypsin, which made the enzyme molecule not touch the substrate protein BSA. This inference
was consistent with previous studies [17]-[19].

Only those enzyme molecules without the binding with the inhibitor could continue their normal function
process, which made the target bonds in BSA be hydrolyzed at the same time as showed in SDS-PAGE pattern.

According to the function process of trypsin inhibitor speculated, the trypsin activity inhibited by the inhibitor
was appeared before the reaction of trypsin-catalyzed hydrolysis, was not involved in the actual catalysis
process of the trypsin to BSA. Obviously, the inhibitory effect was relied on the combined rate between trypsin
and inhibitor. This study explained that the function process of trypsin inhibitor and its inhibitory effect could be
determined by SDS-PAGE.

4. Conclusion

SDS-PAGE was applied to determine the change of trypsin activity in different condition by conducting the hy-
drolysis degree of substrate BSA, from which the optimum temperature at 40°C and the optimum pH at pH 8.5 -
8.7 were obtained for trypsin activity. The suppression of trypsin activity by the inhibitor was due to the binding
of inhibitor to trypsin, which made it impossible for trypsin to touch the substrate protein, only those enzyme
molecules without the binding with the inhibitor could continue their normal function process with the target
bonds in substrate hydrolyzed at the same time. SDS-PAGE was also an effect method for assaying the charac-
teristics of trypsin activity and its inhibition.
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