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Abstract: Proteins undergo a series of conformational changes when affected by the applied electric
field, which changes their functions and properties. The conformational changes in proteins in
various electric fields are different due to their internal structures. This study simulates the molecular
dynamics of proteins in different amounts and directions of electric fields with gromacs software.
According to the root mean square deviation, hydrogen bond, dipole moment, and solvent accessible
surface area, it is proved that the conformation change in proteins is more drastic under the simulta-
neous action of multiple electric fields under various directions, and different fragments unfold with
divergent electric fields combined, which is of great importance to control protein function, improve
biochemical research and production efficiency in the food and drug safety field.

Keywords: electrostatic field; molecular dynamics; dipole moment; hydrogen bond; solvent accessible
surface area

1. Introduction

Nowadays, proteins are widely applied in different areas. Proteins are indispensable
for physiological health [1], food production [2], industrial manufacturing [3] and biomedi-
cal research [4]. The secondary structure of proteins plays an important role in framework
and conformational stability. It has been found that altering the secondary structure of
a protein affects its higher structure, which, in turn, affects its activity and properties to
varying degrees [5]. Taking proteases as an example, proteases are a type of catalyst that
affects the degree and speed of protein decomposition and are divided into the following
two categories: endopeptidase [6] and telpeptidase [7] according to the way they degrade
polypeptides. Because of their high efficiency, specificity, and gentleness, proteases have
become the catalyst of choice in biochemical research. By stimulating proteases according to
this property to change their secondary structure and, thus, affect the function or properties
of proteases, the catalytic process can be precisely controlled to achieve the goals of clinical
precision treatment and maximizing production benefits. Many factors affect the structure
of proteins, and a large number of studies have shown that exogenous factors such as
pressure [8], temperature [9-11], ion concentration [11], irradiation [12], PH [13], the electric
field [14-16], and magnetic field [17] affect protein conformation stability.

External electrostatic field stimulation is a popular direction for protein conformation
studies. Studies have confirmed that the degree of unfolding of proteins placed in the
electric field is closely related to the strength of the electric field [14]. The electrical effects of
proteins are often studied in tandem with thermal effects. Studies have shown that external
electric field stimulation causes significant conformational changes in proteins, and the
charged regions are arranged in the direction of the electric field. Different temperatures
also have different effects on the speed and degree of development of secondary protein
structures [18], guiding maximum nutrient retention and cost control in food industry
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production. The idea of modulating protein behavior (velocity, selectivity, etc.) by applying
an electrostatic field of a certain intensity without affecting protein deformation has also
been confirmed [19]. And this finding could bring important contributions to applications
such as protein isolation in biochemical reactions and the controlled release of targeted
drugs.

The existing research on protein conformational changes mostly uses Raman spec-
troscopy?9, terahertz dielectric spectroscopy [19], Fourier infrared spectroscopy [20], and
other techniques for observation and analysis. Compared to these techniques, molecular
dynamics (MD) simulation phases can be more easily analyzed at the atomic level, and it
is more intuitive to observe conformational changes in proteins. The molecular dynamic
simulation is a simulation scientific method specializing in the multidimensional reaction
between nanoatoms and other molecular nanoscales, which can accurately predict the
dynamic change characteristics of various chemicals larger than the nanometer scale and
simulate various basic processes closely related to the path of atomic motion.

In earlier studies, the authors found that applying an electric field of 0.5 v/nm in the x
direction can cause significant conformational changes in trypsin inhibitors, resulting in
changes in their properties and function. Trypsin inhibitors can inhibit the absorption and
utilization of food proteins and, thus, achieve the purpose of antimicrobial and anti-insect
pests, regulating the growth and development of organisms and even the apoptosis of
cells. In addition, trypsin inhibitors also have broad research and application space in the
prevention of diseases (pancreatitis, etc.), such as antiviral and anti-cancer. Based on this
study, the molecular dynamics simulation is used to further explore the conformational
changes of trypsin inhibitors under the simultaneous action of multiple exogenous electric
fields, which has practical value for food production and pharmaceutical research.

2. Materials and Methods

In this study, molecular dynamics simulation methods are used to study secondary
structural changes in trypsin inhibitors in an electric field at the molecular level [21].
And the Groningen Chemical Simulation Machine (GROMACS 18.8) software is used to
simulate protein kinetics to establish an SPC water model [22], using the Gromos 54a7
force field [23] to apply different amounts of electric fields in the direction of X, y, and z,
respectively, [24] and to observe the secondary structure of the protein under different
conditions of the electric field and analyze its hydrogen bond, root mean square deviation
(RMSD), dipole moment and other data. Trypsin inhibitors are derived from the Protein
Database, protein PDB number 4H9W. We placed the selected protein in a cube water box
with a size of 6.68 x 6.68 x 6.68 nm, which avoided mirroring and satisfied the periodic
boundary conditions. There were 8864 water molecules in the box. In addition, 5 sodium
ions (NA+) were introduced to neutralize the entire system.

The downloaded protein molecule consists of 180 residues, with two disulfide bonds
between cysteine residues 40-84 and 134-143 [25]. First of all, we used the convergence
criterion of 10 k] /nm/mol maximum force and eliminated close contact via the fastest
descent method of 5000 steps so as to minimize the energy of the system. A 50 ns equi-
librium simulation was then performed under constant temperature and pressure (NPT)
and constant temperature and capacity (NYT) systems so that the water molecules were
completely relaxed inside the box to avoid problems in the long-term simulation. The
temperature was controlled at 300 K, the temperature control time constant was 0.2 ps, the
pressure was maintained at 1 bar, and the pressure control time constant was 2 ps. In all
simulations, time steps of 2 fs are used. For the non-bond interaction calculation setting, the
cutoff value was set to 1 nm. The electrostatic interaction adopts the PME [26] algorithm,
and the calculation of the Van der Waals force interaction uses the cutoff method. Trypsin
inhibitors are subjected to different amounts and directions of electrostatic fields to explore
the effects of applied electric fields on the secondary structure of proteins [27]. In addition,
the RMSD, solvent accessible surface area (SASA), dipole moment, and hydrogen bonds
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inside the protein and between the protein and water are calculated to analyze the protein’s
effect in the electrostatic field.

3. Results and Discussions
3.1. VMD Conformational Observation

VMD (Visual Molecular Dynamics) is a molecule-based visualization application that
displays, animates, and analyzes a variety of large-scale biomolecular systems through 3D
images and built-in scripts [28]. We obtained Figure 1 by observing the molecular structure
and molecular trajectory of proteins through VMD. In previous studies, authors have found
that the secondary structure of the protein begins to change after applying an electric field
of 0.5 v/nm in intensity in the x-axis direction, and the residues 4-19 gradually unfold and
stabilize around 30 ns, and this study also successfully reproduced this conclusion [29].
Under the action of the 0.5 v/nm intensity electric field in the y-axis direction, the residues
4-19 of the protein also unfolded around 10ns, and the residues 139-149 at about 20 ns
also began to deform until they were stable at about 60 ns. When the electric field acted
in the z-axis direction, the protein conformation changed the same as the former except
in the direction. When the 0.354 v/nm electric field was applied simultaneously in the x
and y axis directions (the combined field strength was 0.5 v/nm, and the direction was
45 degrees from the x-axis to the y-axis), the protein also expanded the residues for the
61-88 and 169-180 base on the residues 4-19 and 139-149 and rotated because the VMD
observation was the same when 0.5 v/nm was applied in each direction; therefore, the
situation of 0.5 v/nm of the unidirectional electric field is not discussed in this article. When
a 0.5 v/nm electric field is applied simultaneously on the x-axis and z-axis, the protein
immediately expands the residues 4-19 at the beginning of the reaction, and the residues
139-149 and 61-88 are gradually expanded but do not rotate for about 30 ns. When the
0.5 v/nm intensity electric field is applied to both the y-axis and the z-axis electric field,
the residues 4-19 and 139-149 are deployed along the y-z-axis, and the protein rotates, but
the residues 61-88 have no clear conformational changes. When an electric field of the
same size acts simultaneously in the direction of the three coordinate axes, the above three
fragments have clear conformational changes and rotation.

3.2. Root Mean Square Deviation (RMSD) Analysis

RMSD is an important parameter for observing and analyzing the degree of conforma-
tional change and stability of proteins, and its calculation formula is as follows:

1 Natm Tef 2
RMSD = —
Natm &4 (ra=r¥)

In the above equation, A represents the number of atoms, Ny, represents the number
of atoms in the selected range, and the superscript ref represents the reference structure.

In this paper, the RMSD of the whole and partially changing fragments of the simulated
protein under the action of electric fields in different directions is calculated, as shown in
Figure 2, to study the conformational changes, stability, and convergence of the proteins
during the simulation [30]. Firstly, we calculate the RMSD value of the protein in the 310 K,
0 v/nm state and set it as the reference value. According to Figure 2a, the RMSD reference
value of the protein fluctuated at around 0.25 nm, and the overall dynamic was stable. After
applying the electric field, the RMSD curve of the protein could be seen to shift, and the
change was clear. This phenomenon indicates that the protein changes its original spatial
position and the conformation changes under the action of the electrostatic field. In the
above analysis, we observed that the secondary structure of some regions of the protein
except residues 4-19 (residues 61-88, 139-149, 169-180 residues) also changed significantly.
So, the RMSD parameter graph of residues 61-88, 139-149, and 169-180 under the action of
electric fields in different directions was drawn.
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Figure 1. Conformational changes in proteins at different amounts and directions of electric fields.

From Figure 2b—d, it can be seen that the above three segment residues changed
significantly under the action of electrostatic fields in different directions. After applying an
electric field of 0.5 v/nm at different amounts and directions, the RMSD curve of residues
61-88 increased to a certain height sharply and maintained dynamic stability. This indicates
that the secondary structure of the protein fragment changes under the influence of the
electric field and deviates significantly from the initial position, maintaining the current
conformation to maintain equilibrium after a period of deformation. When the 0.5 v/nm
electrostatic field was applied to the z axis and x, z-axis, respectively, the RMSD of residues
61-88 underwent a second mutation at about 20 ns to 30 ns at the start of the reaction and
remained dynamically stable after the second mutation. This is because protein molecules
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have an interaction force that maintains the initial structure, and the destruction of this
force requires a certain period of continuous action, sometimes divided into several stages.
In addition, the RMSD value of residues 61-88 was finally dynamically stabilized at about
0.5 nm after the electric field was applied to the z-axis alone, while the final value was
about 1.3 nm when the electric field was applied to the x and z-axis simultaneously. It can
be seen that the stability of protein molecules is anisotropy, and the application of electric
fields in different directions has different effects on the protein structure. It can be found
from the changes in the RMSD curve in Figure 2c¢ for residues 139-149 that although the
RMSD value is significantly higher than the reference value under the action of the electric
field, the curves of each group do not undergo clear bending or rising but increase as a
whole. This phenomenon shows that the structure of residues 139-149 is very stable, and
the movement of protein molecules is intensified under the action of the electric field, but
no clear deformation occurs. In addition, the different structures of proteins in different
directions have different effects on the reaction time and degree, just like residues 169-180.
Compared with other directions, when the 0.354 v/nm electric field is applied to both the x
and y axes, the RMSD value of residues 169~180 increases sharply to 0.85 nm within 25 ns
and then drops rapidly to about 0.5 nm, which also proves this conclusion. The RMSD
curve can reflect the conformational changes in proteins under the action of the electric
field, and these proteins can be controlled to achieve a different deformation according to
the difference between electric fields.
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Figure 2. Cont.
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Figure 2. (a-d) Represents the RMSD curves of protein No. 4H9W, residues 61-88, residues 139-149,
and residues 169-180 under different numbers and directions of electric fields.

3.3. Dipole Moment Analysis

In the study of changes in protein conformation via external electrostatic fields, the
dipole moment parameter analysis of proteins is a very simple and intuitive method of
analysis [31]. The dipole moment of a protein molecule is the product of the distance
between the centers of positive and negative charges and the electricity carried by the
center of the charge, which is a vector representing the polarity of the molecule. In the
natural state, the molecular dipole moment presents as a random, disordered distribution
state in the system. In this study, we applied an external electrostatic field so that the dipole
moment of the protein molecule could couple with the direction of the applied electric
field. From Figure 3, we can see that the dipole moment of the protein molecule without
the action of the reference group (310 K, 0 v/nm) was stable at about 400-500 Debye. When
the instantaneous dipole moment of the electric field was applied simultaneously in the X,
y, X, and z directions, it increased rapidly until the dynamic stability was about 2800 Debye
and 2600 Debye, respectively, about 30 ns after the simulation began. The results show
that there was a significant coupling between the dipole moment and the direction of
the electric field, which affected the behavior and conformational change in the protein
in the electric field. When an electric field of 0.5 v/nm was applied to the x, y, and z
axes at the same time, the growth amplitude and speed of the dipole moment increased
significantly, and the reaction was complete within about 10 ns from the beginning of the
simulation and remained dynamically stable at about 2250 Debye. It can be inferred that
the electric field intensity had an effect on the coupling reaction speed of the electric field
to the dipole moment. When the electric field intensity was strong, the coupling speed
clearly accelerated, and the electric field with the same intensity in different directions
had different effects. It is worth noting that when an electric field of 0.5 v/nm in size
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was applied to the y and z axes, respectively, or in the direction of both axes, the total
dipole moment of the protein molecule decreased and fluctuated around the value of 0.
The final equilibrium position was even negative when applied in both directions at the
same time: a phenomenon that indicates that the protein may have a certain force in the y
and z directions in the natural state. The intensity of the electric field in both directions
does not cause a coupling reaction with a significant dipole moment, and some fragments
may be more compact under the electric field. Combined with the different dipole moment
convergence values of other experimental groups, it is not difficult to find that there are
differences in forces and stability in different directions within the protein [32].
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Figure 3. Protein dipole moment curves under different numbers and directional electric fields.

3.4. Hydrogen Bond Analysis

Proteins have a secondary structure because the peptide backbone hovers or folds
according to a certain law in space, which is manifested as the «-helix, 3-folding, 3-corner,
and Q-rings and other structural conformations. Hydrogen bonds are molecular forces
stronger than van der Waals’ forces formed via the covalent bonding of hydrogen atoms
and electronegativity atoms in proteins with secondary structures. Since changes in the
secondary structure of proteins lead to changes in hydrogen bonds inside and outside
the proteins, this paper provides lateral proofs of conformational changes in proteins by
analyzing and comparing the changes in the number and length of hydrogen bonds inside
the proteins and between proteins and water after an applied electric field [33]. As can
be seen from Figure 4, the number of hydrogen bonds inside the reference group (310 K,
0 v/nm) protein without an electric field is stable at around 120. The number of hydrogen
bonds inside the protein decreases significantly after the electrostatic field is applied [24],
which indicates that the original internal structure of the protein changes under the action
of the electric field, and the hydrogen bond between the secondary structure begins to
break. The change in the number of hydrogen bonds between the protein and water
can be observed in Figure 5, and it is not difficult to find that the number of hydrogen
bonds in this part changed and the number of hydrogen bonds in the protein changed
in a complementary relationship. Taking the simultaneous application of the 0.5 v/nm
electric field in the X, y, and z axes as an example, the number of intermolecular hydrogen
bonds of proteins decreased to the minimum when the simulation started at about 10 ns.
Correspondingly, the number of hydrogen bonds between protein molecules and water
molecules increased to the maximum at about 10 ns; that is, the number of hydrogen bonds
inside the protein decreased, and the hydrogen bond increased with the water because
more hydrogen bonds are formed with the water molecules after the hydrogen bond breaks
under the action of the electric field. In addition, the electric field’s strength also has an
impact on the speed at which hydrogen bonds break and form. From Figure 4, it can be
found that the drop time of the number of hydrogen bonds when applying a 0.5 v/nm
electric field in one direction is around 30 ns. As the number of electric fields increases, the
strength of the combined field becomes larger, the time for the hydrogen bond change in
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the protein is also shortened, and the decline time of the number of hydrogen bonds inside
the protein is only about 20 ns when the electric field is applied to the two sides, while the
decline time when the electric field is applied at the same time in the direction of the x, y, z
coordinate axis is only 5-10 ns, and it can be seen that the strength of the electric field has a
great impact on the conformational change rate of the protein.
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Figure 4. (a,b) Represents the curves of change in the number and length of hydrogen bonds inside
proteins under different amounts and directional electric fields.
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Figure 5. The curves of the change in the number of hydrogen bonds between proteins and water
under different amount and directional electric fields.
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To accurately describe the conformational changes in proteins, we then calculated
and analyzed the number of hydrogen bonds between the three residues selected above
and the water and the hydrogen bond length inside the residues to obtain Figure 6. It was
then found that the number of hydrogen bonds between residues 61 and 88 and water
under the action of the electric field increased significantly and, combined with the above
parameter analysis, it can be seen that the secondary structure of this area changed, and the
contact area with water increased while more hydrogen bonds were formed with water
molecules [34]. In addition, the change in the number of hydrogen bonds of different
residues also reflected the diversity and difference in the internal structure of the protein.
Unlike residues 61-88, it can be seen from Figure 7 that the number of hydrogen bonds
between residues 139 and 149 and water was relatively stable after different electric fields
were applied, and this change was not clear. Combined with the calculation and analysis
of the RMSD parameters of residues 139-149 above, the RMSD curve of this part of the
residue moved upward but did not significantly jump under the action of the electric field,
and the change amplitude only increased from an initial 0.3 nm to about 0.5 nm, indicating
that residues 139-149 became active under the action of the current electric field but did
not undergo significant structural changes. This result confirms that the 3 folding structure
of this fragment region is stable, and the conformational changes are subtle. When the
electric field is applied simultaneously in the x, y, and z directions, the number of hydrogen
bonds increases as a whole, indicating that the conformation of residues 139-149 does
change under the action of the electric field, and more hydrogen bonds are formed with
water. In addition, the change in the number of hydrogen bonds between residues 169 and
180 and water in Figure 8 also proves the difference within the protein, and it can be found
that the hydrogen bond between residues 169 and 180 and water is significantly reduced
under the action of the unidirectional electric field, and the number of hydrogen bonds
is closer to the reference value after the electric field is increased. This indicates that the
internal structure of the protein fragment folds more under a one-way electric field [35],
and the hydrogen bond with the water is broken. Combined with VMD images and RMSD
parameter analysis, the changes in the number of hydrogen bonds in the three-segment
residue confirmed the conformational changes in proteins. We define the hydrogen bond
length as the distance between the donor and the receiver. From Figure 4b, we can find that
the internal hydrogen bond length of the protein is elongated but not clear under the action
of the electric field. We analyzed this phenomenon for the following reasons: First, the
hydrogen bonding force inside the protein is strong, and the electric field applied by the
experiment is not strong enough to completely prevent the hydrogen bond at all. Second,
the residue region analyzed in this article has a strong dipole moment; in addition, because
residues 139-149 contain disulfide bonds, which are offset by the electric field coupling
of proteins, skeletal changes are also limited. Combined with the previous analysis, we
correctly characterized the conformational changes of proteins by analyzing the number
and length of the hydrogen bonds of proteins.
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Figure 6. The change curves of the number of hydrogen bonds between residues 61 and 88 and water
under different amounts and directions of electric fields.
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Figure 7. The change curves of the number of hydrogen bonds between residues 139 and 149 and

water under different amounts and directional electric fields.
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Figure 8. The curves of the number of hydrogen bonds between residues 169 and 180 and water
under different amounts and directional electric fields.

3.5. Solvent Accessible Surface Area (SASA) Analysis

The previous article explored the formation of more hydrogen bonds between the
hydrogen bond breaks inside the protein and the water molecule under the action of the
electric field and found that the contact area between the protein and the water may change
during the reaction. To explore the interaction between proteins and solvents, we continued
to study the SASA of proteins to analyze changes in the protein—water contact area. We
performed this by calculating the contact area change chart between the No. 4H9W protein
and the three-segment residue (residues 61-88, residues 139-149, residues 169-180) and
the water solvent, as shown in Figure 9. As can be seen from Figure 9a, the SASA value
of the protein of the reference group (310 K, 0 v/nm) of this experiment was stable at
about 100 nm? without significant change, which proves that the protein has a certain force
inside, so that it can maintain structural stability in the natural state and, thus, stabilize the
contact area with water. Under the action of the electric field, the contact area of the protein
as a whole with the water solvent increases sharply, and it is dynamically balanced at a
certain value after 25 ns. It can be seen that the internal structure of the protein changes
significantly under the action of the external electric field, and some areas become stretched
or rotated from curling up to expanding so that the contact area with the water solvent
increases. Since most of them are distributed on the surface of the protein, more active sites
are exposed [36]. In addition, as the strength of the combined electric field increases, the
change time of the contact area is significantly shortened, and the area growth rate increases
significantly, which also matches the results of the previous analysis of the RMSD, dipole
moment, and hydrogen bond. In combination with the protein RMSD curve in Figure 2a, it
is not difficult to find that the curves of different parameters under the same electric field
change at the same speed. Taking the electric field of 0.5 v/nm applied simultaneously in
the x, y, and z axes as an example, the RMSD and SASA parameter curves of the proteins
both increased to the highest within 10ns after the simulation began and then tended to be
stable. Figure 9b—d calculates the SASA values of residues 61-88, 139-149, and 169-180,
respectively, and we found that the SASA parameter changes in some protein fragments
were slightly different from the overall characteristics discussed above. Taking residues
61-88 as an example, we could see that the contact surface of this segment of the residue
with the aqueous solvent mostly significantly increased after different electric fields were
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applied, indicating that the deformation of this protein fragment under the action of the
electric field exposed more hydrophilic regions. In particular, when an electric field of
0.354 v/nm was applied simultaneously in the x, y-axis direction, the SASA value of this
fragment dropped to a certain extent before it began to grow and exceed the reference value,
indicating that residues 61-88 in this state may shrink to a certain extent and then expand.
In the RMSD and hydrogen bond parameter curves of residues 139-149, the parameters in
this direction electric field were the most active. By observing Figure 9¢, it can be found that
the SASA change in residues 139-149 under the action of the electric field is not drastic, and
the same change in the number of hydrogen bonds is also the overall upward movement
of the curve, which proves that the conformational change in this protein fragment is not
clear. In contrast, the SASA value of residues 169-180 in Figure 9d did not increase but
decreased under the action of some electric fields, which also confirmed the anisotropy
inside the protein and the influence of disulfide bonds.
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Figure 9. (a—d) Represents the SASA numerical curves of protein No. 4H9W, residues 61-88, residues
139-149, and residues 169-180 under different amounts and directional electric fields.

3.6. Cell Pulse Electrical Breakdown Experiment

In order to study the changes in the protein under the action of the electric field in the
real environment, the lightning surge generator (SUG61005TB, Prima, Shanghai, China)
was used as the pulse power supply in this project, as shown in Figure 10. The myeloma
cells (SP/20) were removed from the liquid nitrogen tank and melted in a water bath at
37 °C, then centrifuged at 1000 r/min for 5 min before the removed supernatant; then, they
were re-suspended with an SP/20 cell culture medium and spread in a 10 mL cell culture
dish, and then cultured in a cell incubator. After the cells grew normally, they multiplied for
2 to 3 generations and multiplied the cells once the day before the experiment, controlling
the cell density by 80% to 90%. An an ppropriate amount of myeloma cell suspension was
dropped into the electric cup, and the pulse electric field voltage was set as 0.2 kV, 0.4 kV,
0.6 kV, 0.8 kV, and 1 kV, respectively. The pulse number was 50, and the pulse width was
fixed as 12.8 us. The electrode plate spacing of the rotating cup was 0.4 cm. The control
group was cells in the natural environment, and the experiment times in the pulsed electric
field environment were five times, respectively. After the completion of each experiment,
cell samples were taken and placed on a slide of a biological microscope (Olympus CX43,
Olympus Corporation, Tokyo, Japan) to observe the changes in cell structure.
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Figure 10. Experimental apparatus for the effect of the pulsed electric field on biological tissue.

In this paper, the structure of myeloma cells was observed many times under different
levels of electric field intensity. The control group did not apply the pulsed electric field,
and the five experimental groups applied a pulsed electric field of 0.5 kV/cm, 1 kV/cm,
1.5kV/cm, 2 kV/cm, and 2.5 kV/cm. Under the electric field intensity of 0.5 kV/cm,
1kV/cm, and 1.5 kV/cm, the structure of myeloma cells did not change significantly, as
shown in Figure 11. When the pulsed electric field intensity was 2 kV/cm and 2.5 kV/cm,
the cell membrane structure of some myeloma cells was broken. The results show that
when the pulse electric field intensity reaches 2 kV/cm, the electric field has a clear effect
on the phospholipid membrane structure.

1.0 kfem 1.5 kyfem

Figure 11. Myeloma cells’ state under different levels of electric field intensity.

4. Summary

In this study, we discuss the conformational changes in trypsin inhibitors at different
amounts and different directions of applied electrostatic fields using a molecular dynamics
simulation to find the change law of the protein’s secondary structure, and the simulation
results found that the external electrostatic field had a huge impact on protein conformation
changes. When an electric field of 0.5 v/nm was applied to a one-way electric field, the
chain region of the protein (residues 4-19) and the folding region (residues 139-149) began
to deform, and the latter changed insignificantly. When an electric field of 0.5 v/nm
(0.354 v/nm) was applied simultaneously in multiple directions, the new folding region
(residues 61-88) and the chain region (residues 169-180) also changed successively. In
the next three segments, residues 61-88 and residues 139-149 were expanded to a certain
extent in molecular dynamic simulations, and residues 169-180 gradually expanded into
flat protein chains. We calculated parameters such as RMSD, dipole moment analysis,
hydrogen bonding, SASA, etc. The analysis of the number and length of hydrogen bonds
showed that some of the structures inside the protein were deconstructed under the action
of the electric field; the hydrogen bonds between some protein molecules were broken,
and new hydrogen bonds formed with the water molecules. The numerical changes
in SASA also confirmed this conclusion, and under the action of the electric field, the
area of hydrophilic regions and the hydrophobic regions of proteins increased due to
conformational changes. RSMD indicates that the protein as a whole and the analyzed
fragments spatially shifted after energization, and the conformation changes deviated from
their original positions. The analysis of dipole moments shows that proteins are coupled
to the electric field direction under the action of the electric field, and the coupling effect
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and speed of each direction are different. In summary, the direction and quantity of the
electric field have different effects on the secondary structure of proteins. The greater the
electric field intensity, the more intense the movement of protein molecules and the more
likely conformational changes occur. While the electric field intensity is the same, the
reaction results of protein molecule motion under the action of the electric field in different
directions are also different. In the actual experiment of myeloma cells under a pulsed
electric field, the experimental results show that the phospholipid membrane structure
has a certain resistance to the pulsed electric field below 1.5 kV/cm. When the electric
field intensity is higher than this value, the pulsed electric field causes irreversible damage
to the membrane structure. Due to the complex structure of phospholipids and proteins,
the specific molecules destroyed by a pulsed electric field need to be further studied. The
subject of this paper is a trypsin inhibitor, which has the effect of controlling the catalytic
rate and effect of trypsin. Through the study and calculation of the behavior of trypsin
inhibitors under the electric field, it is possible to accurately control the conformational
changes in trypsin inhibitors, thereby changing the properties of proteins and achieving
accurate control of the catalytic process of trypsin, which is of great value for antimicrobial
and insect pests [37], food and drug production [38], health maintenance [39], and disease
prevention [15].
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