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Abstract The actual conformation switching of proteins in
the crowded cellular environment is completely different from
that in vitro. Proteins in cytoplasm are continually subject to
confinement and/or attraction to other molecules in their sur-
roundings due to the existence of various biological species.
To gain insight into the nature of crowded environments, we
investigated the effects of confinement and affinity on the
conformation switching of adenylate kinase (ADK) in a spher-
ical cavity. It was found that even a small degree of confine-
ment reduces the entropy of the open state and stabilizes the
closed state, which leads to increased energy barriers for
transition. Furthermore, the analysis of transition temperatures
and mean first passage times indicates that the proper affinity
can promote the transition of ADK from closed state to open
state. This study reveals that the crowded cellular environment
plays an important role in the thermodynamics and kinetics of
proteins in vivo.
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Introduction

How a protein accomplishes conformational transitions in the
crowded cellular environment is a central issue in molecular
biology [1]. Various kinds of macromolecules, such as ribo-
somes, RNAs and proteins, occupy approximately 30% of the
whole volume of cells [2–4]. No single macromolecule can be
freely present at a high concentration of one species; instead,
they all tend to get together to form a crowded environment in
the cytoplasm, which is termed the excluded volume effect
[5–8]. The high concentration of macromolecules in the cyto-
plasm has significant influence on biological processes, such
as protein folding, genetic transcription, aggregation, and so
on [9].

Aiming to explore the dynamic processes of macromole-
cules in crowded environments, a great deal of effort has gone
into studies of confinement by means of various experimental
techniques [10–13] and theoretical methods [9, 14–26]. Con-
finement involves the physical entrapment of the biomole-
cules concerned within rigid cavities of different sizes and
shapes [16, 20, 25, 27, 28]. Biochemical experiments [10, 11]
demonstrate that confinement enhances the thermodynamic
stability of proteins in their native structure compared to that
in dilute solution. However, some NMR studies [13, 29]
found that in many cases of macromolecular crowding it is
enthalpy rather than entropy that keeps proteins in unfolded
states stable. On the other hand, theoretical studies [30, 31]
reveal that confinement can stabilize the native structures of
proteins and accelerate their folding process by reducing
entropy. Further, Monte Carlo simulation [25] implies that a
larger degree of confinement might have a destabilizing effect
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on native structures, stemming from competition between
entropic stabilization and enthalpic destabilization.

Molecular dynamics (MD) simulations based on all-atom
models [23] can provide structural details of proteins at the
atomic level, but it is difficult to reach the time scale of
milliseconds required to study conformational switching. A
useful physical model for the investigation of conformational
transitions in proteins is the so-called Gō model that was
proposed a decade ago [32, 33]. In the Gō model, every
residue in a protein is represented by a coarse-grained bead,
and the interactions of these beads are described by empirical
potentials invented to emphasize native structures [32–35]. In
an earlier version of the Gō model, interactions of the beads
were described by simple attractive or repulsive non-bonded
potentials [36]. The Gō model has been applied widely to
study the kinetics of conformational change of proteins and
has achieved numerous successes to date [33, 37]. Combined
with confining potentials, it is now starting to be employed to
explore the conformational switching of proteins in the
crowded cellular environment. In most such studies, it is usual
to construct a double-well Gō-like model [38] to gain infor-
mation regarding intermediate states in the conformational
transition for macromolecules such as RNA [37].

In this work, we investigated the conformational switching
of adenylate kinase (ADK) in a crowded environment that was
mimicked by confinement. ADK is an enzyme with 214
amino acid residues that plays an important role in the signal
transduction process that catalyzes the conversion of adeno-
sine triphosphate (ATP) to adenosine diphosphate (ADP) [39].
ADK is usually divided into three functional regions, namely,
the LID domain (lid domain), the NMP domain (nucleotide
monophosphate-bind domain) and the Core domain [39–41].
It is already known that ATP binds in the active pocket formed
by the LID and Core domains, while ADP binds in the
inactive pocket formed by the NMP and Core domains, with
interconversion between the active (open) and active (closed)
states [41]. In nature, ADK in the cytoplasm functions in a
crowded environment as substrates bind to it. The crowded
environment involves not only the spatial confinement formed
by the immediate surroundings but also strong interactions
with other macromolecules. It remains unclear how the con-
formational transition of ADK is affected by this complicated
environment. In order to explore this, we placed a molecule of
ADK in a spherical cavity, as shown in Fig. 1, to set up a
model for MD simulations. Then, we investigated the effects
of confinement and affinity on conformational switching of
ADK.

The rest of paper is organized as follows: the following
section on Theory and computational details gives the theo-
retical background and model parameters. The effects of tem-
peratures, sizes of confining spheres and affinities on confor-
mation switching of ADK are then discussed in the Results
and discussion section, before summing up in Conclusions.

Theory and computational details

Double-well Gō-like model

The double-well Gō-like model [42, 43] with the energy
potential function U shown in Eq. (1) was used throughout
our simulations. The energy functionU explicitly includes the
bond, bond-angle, torsion-angle and nonbonding interactions.
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The conformation Г is a function of Г1 and Г2, correspond-
ing to the open and closed states of ADK. The first three terms
describe the bond, angle vibration and dihedral rotation within
adjacent four residues, whereN is the total number of residues
in protein. As described in our previous work [27, 28], the
parameters b, θ, and Φ denote the virtual bond lengths, bond
angles and dihedral angles, respectively. The parameter b0i
means the average values of bonds of both conformations Г1
and Г2. θ1i (θ2i) and φ1i (φ2i) stand for the corresponding

Fig. 1 Cartoon representation of adenylate kinase (ADK) in a spherical
cavity. The LID, NMP and Core domains are highlighted in yellow, blue
and magenta, respectively

2530, Page 2 of 10 J Mol Model (2014) 20:2530



variables in the open (closed) structures. For the parameters
Κb, Κθ and Κφ, the empirical values 100.0, 20.0 and 1.0 are
adopted as previously reported [44, 45]. The fourth term
describes nonnative interactions, where rij refers to the dis-
tance between the residues i and j, and ε0 denotes a weight
factor [27]. The parameter C [38, 42, 45] is always set as 4 Å
to characterize the excluded volume repulsion between
pairwise residues in the backbone.

The expression for the last native termUnat [42] is shown in
Eq.(2):
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where Unat is a function of interacting distance r between
two residues i and j. As shown in Fig. 2, r1 is the position of
first well while r2 is that of the second. The term rh represents
the position of the transition state connecting the two wells; r1
and r2 denote the pairwise distances of residues in open and
closed state, respectively. The value of rh is set as rh=(r1+r2)/
2. Parameters m, k, and n are obtained by a smooth fit of the
potential curve [42, 45]. The left well represents the open state
of ADK and the right well represents the closed state. The

parameters ɛ1 and ɛ2 are the depths of the open and closed
wells, respectively. The term ɛh denotes the height of the
barrier from the closed well. In principle, the values of
Δɛ=|ɛ1− ɛ2| and ɛh can be determined from experimental
data. In practice, these two parameters were adjusted to
achieve reasonable conformational switching between the
open and closed states. In this study, the values of Δɛ and ɛh
used were 1.1 and 1.2 kcal mol−1, respectively.

Confining potentials

To mimic the effect of crowded environments, several differ-
ent confining potentials, such as spherical potentials [25],
cylindrical potentials [27], and planar potentials [22], have
been used to model the confinement of limited spaces in cells.
However, previous studies [22] have demonstrated that there
is no substantial difference between spherical potentials and
the others in accounting for crowed cellular environments.
Thus, a spherical space was imposed on ADK throughout this
work. In addition, another typical interaction term [26] shown
in Eq. (3) was introduced into the total potential.

X
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The term rc denotes the radius of the confined sphere and ri
is the distance between a Cα atom and the center of the sphere.
The parameter h denotes the affinity, and C is the same as in
Eq. (1). Due to the hydrophobic and hydrophilic interactions
in conformation transition, the two terms in Eq. (3) compro-
mise the repulsive and attractive interactions between the
surface of the sphere and all residues in the protein. The
assigned 12-exponent repulsive potential introduces a repul-
sive boundary to avoid proteins approaching each other or
coming out of the restricted space, while the 6-exponent
attractive potential with affinity h dominates the interactions
between the confined walls and residues of the protein. A
larger value of h means stronger surroundings attracting
ADK, while h=0 stands for no affinity at all. Since we are
concerned with the influence of affinity on conformation
switching, a series of values of hwere applied in the Gōmodel
and h-dependent folding dynamics were investigated.

Langevin dynamics simulations were performed according
to Eq. (4) using a code implemented before, as described in
previous work [27].

mv̇ ˙ ¼ F tð Þ−γv tð Þ þ Γ tð Þ ð4Þ

In Eq. (4), t denotes the simulation time and the force F(t) is
calculated as the gradient of potential V according to F(t)=

Fig. 2 A schematic illustration of the potential energyU(r) of the double-
well Gō-like model. The parameters r1, r2 and rh denote the locations of
the well of the open state, the well of the closed state and the transition
state, respectively. The terms ɛ1 and ɛ2 describe the depths of wells of the
open and closed states, respectively, while ɛh denotes the height of the
barrier between the closed state and intermediate state
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−∇V, where the potential V includes all interactions in Eqs.1–
3. The parameter γ is a viscosity constant set at 0.05τ−1, and τ
is the time unit of period of oscillations. To be consistent with
the reduced units, we set the value of the viscosity constant γ
as 0.25 in this study. The velocity v(t) in the second term was
derived from the second derivative of the total potential V,
which contains the effects of confinement and affinity. The
last term Γ represents random force [28].

Model setup and parameters

The crystal structures with PDB IDs 1ANK and 4AKE were
downloaded from the PDB bank (http://www.rcsb.org). Only
the Cα atoms of A chains in 1ANK and 4AKE were chosen
for constructing the native open and closed states in the
double-well Gō model. Langevin dynamics simulations were
then carried out at different conditions of temperature (0.5–1.
05), radii (5–40 Å) and affinities (0.0–2.0) starting from the
closed state of ADK to sample the transition ensembles, until
ADK reached a stable open state [46–48]. Finally, the simu-
lated trajectories were analyzed and plotted. In addition, the
exponential functions were used to fit the data of Tf in Fig. 6 to
obtain smooth curves. To analyze the residue interactions in
closed and open states of ADK, residue pairs within a cut-off
value of 4.5 Å were defined to form “native contacts”.

Results and discussion

Transition ensembles of ADK in bulk

To estimate the effect of different temperatures on the confor-
mational switching of ADK, four simulations starting from the
closed states were performed at temperatures T=0.5, 0.65,
0.75 and 0.95 (Supporting Information, Fig. S1), respectively.
At the lower temperatures of 0.5 and 0.65, ADK could not
break the native contacts in closed state and had a lower
probability to switch to the open state. As the temperature
increased up to 0.75, i.e., around the transition temperature
Tf

0=0.78 [49], ADK could reside in the open state and closed
state with equal probability, switching rapidly between the
closed and open states. At the high temperature (0.95), many
native contacts in ADK broke and resulted in unstable con-
formations. The calculated values of root mean squared devi-
ation (RMSD) of both open and closed states are larger than
those at low temperatures. The features of conformation tran-
sitions of ADK at different temperatures could also be char-
acterized by the constructed two dimensional (2D) free energy
profiles (Supporting Information, Fig. S2).

We evaluated the population rates of closed and open states
of ADK at different temperatures and obtained a value of
transition temperature Tf = 0.78 using a linear fitting [42].

The typical transition pathways [38, 45] of ADK from the
closed state to open state near Tf in bulk are displayed in
Fig. 3a. The constructed free energy profiles show that the
barrier from the closed state to the intermediate is much higher
than that from the intermediate to the open state, which
indicates that the transition from the closed state to the inter-
mediate state is the rate determining step for the whole tran-
sition process. The secondary structures obtained by cluster
analysis at the temperature T=0.80 shown in Fig. 3b reveal
that the LID domain of ADK first dissociates to form an
intermediate state, followed by movement of the NMP do-
main, which is in good agreement with previous findings that
conformation switching of ADK travels mainly along the
NMP-closing pathway [45].

Confinement at different radii

In order to explore the confinement effect without affinity, the
2D free energy profiles of conformation transitions at different
radii were plotted (Fig. 4). The energy profile of ADK in bulk
(Fig. 4a) was taken as a reference for conformational

Fig. 3 a Two-dimensional (2D) free energy profile at temperature T=
0.80 in bulk as a function of the root mean square deviations (RMSD) of
closed and open states, denoted as rmsd_close and rmsd_open (in Ång-
stroms).White arrows Transition paths from the closed state to open state
through the intermediate state. The free energies range from 0.0 to 6.0 and
in the unit of KBTf

0. b Ribbon representations of the backbones of three
structures corresponding to the three minima of closed, intermediate and
open states in a. Blue, yellow and green regions denote the key NMP, LID
and Core domains of ADK, respectively
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switching without confinement. When the radii of confined
spheres take the values 5 Å or 9.5 Å, the constructed contour
maps of free energies in Fig. 4b and c are extremely abnormal
since the sampled structures of ADK in trajectories distort
drastically from the native structures. As the radius adopts
12 Å, the volume is sufficient for ADK to make a successful
conformational transition through space. Figure 4 reveals that
confinement within spherical walls can prevent ADK from
switching. That means that proteins immersed in cytoplasm
can be repelled by surrounded biomolecules so that their
conformational switching might be hampered or even fail
because of too crowded surroundings. Within a larger space,
the confinement of environment has less effect on ADK
conformational switching and the dynamic behavior of ADK
is similar to that in bulk.

Affinity effect

In vivo, the interactions between embraced proteins and their
surroundings are very complicated, and involve strong repul-
sive and attractive interactions. This section focuses on ex-
ploring the effect of affinity on the ADK transition within a
confined cavity. Based on the results in Fig. 4, the radius of the
sphere was fixed at 12 Å, which allows ADK to switch to the
open state; meanwhile, the parameter h of affinity adopts a
series of values that correspond to different strengths caused
by the surroundings.

The plots in Fig. 5 clearly show that the different affinities
do influence the conformational switching of ADK at the
temperatures chosen. Even at the low temperature T=0.5,
the strong affinity h=1.5 still has a considerable impact on
the switching process, as shown in Fig. 5g. Comparing the

contours of 2D free energy profiles at the affinities 0.5, 1.0 and
1.5 indicates that the conformational spaces of the intermedi-
ate and open states are visited more frequently, with larger
affinities at the same temperatures. This means that the strong
attractions between proteins in crowded environments could
make the native contacts in proteins break more easily, effec-
tively facilitating their transition processes. The conformation-
al spaces have been referred to as multiple long and broad
valleys [42] on the landscapes of transition that could be
visited by ADK with the help of strong affinities, as shown
in Fig. 5g–i. In other words, the attractive interactions actually
accelerate conformation switching of proteins in crowded
environments to some extent.

In addition, another basin has been mentioned to be located
near the native structure of the closed state in Fig. 5f, but
obviously this does not connect the intermediate state as well
as the open state with the available transition pathways. The
existence of such a basin could be explained readily by the
funnel energy landscape theory [50–53]. Since the energy
landscape is fairly rugged, the ADK might be trapped in a
certain energy minimum near the closed state under high
enthalpic and entropic conditions. Each temperature is asso-
ciated with an optimal affinity with which the closed state
transits to the open state most quickly. It is clear that the
conformation switching of protein in crowded environments
needs to be properly governed and regulated by cells in order
to carry out their wide range of physiological activities.

Tf and mean first passage time analysis

To further confirm the significant effects of confinement and
affinity, we explored the relationship between Tf and radius

Fig. 4 The 2D free energy
profiles a in bulk and b–d at
different radii (b R= 5.0, c
R= 9.5, d R= 12 Å) without
affinity at T=0.75, as a function
of the calculated rmsd_close and
rmsd_open in Ångstroms. The
values of free energies range from
0.0 to 6.0 in units of KBTf

0
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and estimated the transition rates of ADK by using the mean
first passage time (MFPT) [42]. Figure 6a shows the data of Tf
varying with the radius R. Previous studies [22, 25] reported
that the calculated difference of Tf−Tf

0 is proportional to the
function R−γ, in which the parameter γ depends on specific
ensembles. In this work, we fitted the data of Tf using an

exponential function with γ=3.75 (see Supporting Informa-
tion, Fig. S4). The smooth curve obtained in Fig. 6a indicates
that Tf appears to decay exponentially with increasing radii,
which suggests that confinement is a local effect dependent on
Tf. It should be noted that, below 12 Å, the conformational
switching always needs higher Tf, while beyond 12 Å the Tf

Fig. 5 a–c The 2D free energy
profiles with affinity h=0.50 (a,
d, g), h=1.0 (b, e, h), and h=1.5
(c, f, i) at different temperatures
[T=0.50 (a–c), 0.65 (d–f) or 0.75
(g–i)] as a function of the
calculated rmsd_close and rmsd_
open in Ångstroms. The radii of
spherical cavities in all
simulations was fixed at 12 Å.
The values of free energies range
from 0.0 to 6.0 in units of KBTf

0

Fig. 6 a, b Plots of Tf changing
with radius R and affinity h,
respectively. Tf data in a and b are
fitted with red curves using the
exponential functions shown. The
dashed line in a represents the
value Tf=0.78 in bulk. c, d Mean
first passage time (MFPT)
changes with R and h,
respectively. In d, the black, red
and blue curves denote the data
obtained at R=10, 20 and 36 Å,
respectively. Calculated error
bars mean standard deviations of
MFPT values
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remains almost invariant around 0.78. The variation tendency
of Tf indicates that the crowded environment has no substan-
tial effect on conformational switching of ADK if the radii of
the confined spheres are larger than 12 Å.

Figure 6b also shows the dependence of Tf on different
affinity values. An exponential fit of Tf data shows that the
change in Tf is very small when h is within 0.8. Compared to
the Tf=0.78 of ADK in bulk, it seems that interactions with
low affinities are less helpful in breaking residue contacts in
ADK so that the affinity effects are not remarkable and are
similar to those in bulk. Nevertheless, Tf drops dramatically to
0.6 as h increases to 1.4, which demonstrates that strongly
crowded environments affect Tf considerably. Besides, it was
noted that ADK trapped in excessively small spaces could not
undergo switching, and the exact biological cavities in cells
should be of a suitable size for the accommodation of proteins.

Figure 6c shows that the calculated MFPT values vary
linearly with radii where R is less than 12 Å, which is consis-
tent with a previous study by Nitin et al. [25]. Beyond 12 Å,

MFPT values fluctuate around 6.0, which implies that spatial
confinement is not the crucial factor impacting on switching
rates at large distances. The results in Fig. 6d indicate that the
switching rates can be enhanced greatly by changing the radii
and affinity strengths. When the radii of confinement spheres
are much larger than the size of native states of ADK, the
transition rates do not change markedly and are similar to
those in bulk. When R adopts a suitable value such as 10 Å,
the MFPT values exhibit a clear dependence on the increasing
affinity values.

Free energy barriers

Another concern about confinement is how it influences the
transition pathways of ADK. Figure 7a displays the one-
dimensional energy profiles projected from the 2D free energy
profiles, and shows that the open states become apparently
less stable in energy when R becomes smaller, as indicated by
the dashed curveΔGO. The reason for this lies in the fact that

Fig. 7 a One-dimensional free energy profiles as functions of the radius
R and rmsd_close (Ångstroms). Red, blue, cyan, dark and pink curves
represent R=9, 12, 16, 24 and 32 Å, respectively. Green, red and gray
dashed curves show the connections of free energy values of the closed
states, second transition states and open states, denoted byΔGC,ΔGTand
ΔGO, respectively. b Evaluated values of free energy heights at different
R (Ångstroms). FCI and FIO denote barriers from the closed state to an
intermediate state and from intermediate to open state, respectively. c

One-dimensional free energy profiles as functions of the affinity h and
rmsd_close (Ångstroms). Red, green, blue, cyan and magenta curves
represent h=0, 0.15, 0.7, 1.1 and 1.4, respectively. Black, red and blue
dashed curves show the connections of free energy values of the closed
states, the second transition states and open states, defined byΔGC,ΔGT

and ΔGO, respectively. d Calculated values of free energy heights at
different h. FCI and FIO are the same as in b. The free energies F in all plots
are in units of KBTf

0
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confinement destabilizes the open state by reducing entropies
and thus makes a significant contribution to the stabilization
of closed states. The results in Fig. 7b indicate that both the
calculated barriers FCI and FIO become higher with smaller R
values. The first barrier FCI is larger than the second FIO by 2.5
KBTf

0. thus ADK prefers the closed state under compact
confinement and it is difficult to transit to the open state [22].

Figure 7c shows the variations in free energy profiles with
affinity h at a fixed R. It can be seen that the weak affinities

with h<1.0 almost do not change the free energy profiles at
all. However, the strong attractions seen at h>1.0 can effec-
tively facilitate ADK to switch to the open states The energy
profile at h=1.4 shows that the energy well of the open
state is lower than that of the corresponding intermediate
state and closed state, which could be attributed to the
enthalpic stabilization generated by affinity. A strong af-
finity could promote the escape of ADK from the closed
well and keep it stable in an open state. The calculated

Fig. 8 a Left Comparison of residue interactions between the closed and
open states of ADK with respect to the residue index N. The area of
greatest difference between two states is highlighted in a blue square.
Right Typical structure of the closed state; blue, yellow, red and black
beads denote residues crucial to stabilization of interactions between LID,
NMP and Core domains. b Left Constructed contact map at h=0.0 and

1.0. Black squares highlight the areas of greatest difference between the
two sets of data. Right Structure of the open state, where the contact
interactions of the yellow and blue beads are crucial for conformation
transition. c Comparison of probability distributions, P, of the native
contacts with respect to the residue pairs i and j, based on the
trajectories obtained at h=0.0 and 1.0

2530, Page 8 of 10 J Mol Model (2014) 20:2530



values of the first barrier FCI in Fig. 7d appear to be more
sensitive than FIO to the affinity h, especial for values
larger than 1.0. Although the energy difference between
barriers is approximately 2.5 KBTf

0. the wells of both
intermediate and open states are much deeper than the
closed states under this strong attraction. The results fur-
ther prove that affinity effects of the environment play an
important role in changing the kinetics of conformational
switching of ADK.

Contact maps

A detailed comparison of native contacts between the
closed and open states of ADK is shown in Fig. 8a.
The major difference between the open and closed states
lies in the regions of the LID and NMP domains, where
native contacts might be formed in the closed state but
not in the open state, such as residues 53–58 in the
NMP domain and 163–170 in the LID domain,
highlighted by the blue square in the left plot in
Fig. 8a. As shown in the right structure of the closed
state, the residue pairs G14-V132, T15-R131 and T15-
V132 are of great importance for Core/LID binding
[38], while the Core domain stabilizes the closed struc-
ture by forming contacts between helical residues 12–20
and the surrounding residues, as indicated by the red
and black beads. During conformational switching, these
contacts in the LID and NMP domains would break to
facilitate the transition process.

Figure 8b shows the analysis of contacts of residue
pairs under confinement with or without affinity. The
major differences under confinement with h=0 and 1.0
are marked with black squares. In the crowded environ-
ment, ADK forms many pairwise residue contacts be-
tween the loop of the LID and the helix of the Core
during the transition. If the affinity is strong enough,
the LID region would move away from the Core do-
main. The right structure shows that some residue con-
tacts are deconstructed under the affinity of h=1.0 com-
pared to h=0.0, such as the yellow beads 140–150 in
LID and blue beads 14–19 in the Core domain. The
probability distributions of native contacts of key resi-
due pairs in the transition are further calculated in
Fig. 8c. The left, middle and right plots present the
crucial pairwise residue interactions in different regions.
A comparison of three histograms indicates that the
affinity strongly affects the contact interactions of resi-
due pairs such as T15-R131, T15-V132 in the Core/LID
domains and A17-D84, Q18-Q28, F19-R206 in the Core
domain. Affinity favors dissociation of LID domain
from the Core domain by breaking the pairwise contacts
T15-R131 and T15-V132, which lowers the first barrier
and changes the kinetics of the NMP-closing pathway.

Conclusions

The Gō-like double-well model was employed to investigate
conformational switching of ADK under confinement and
affinity in a crowded environment. We explored the transition
processes of ADK in bulk, with affinity and without affinity,
respectively. Interestingly, we found that, compared to the
transition of ADK in bulk, confinement indeed makes a sig-
nificant contribution to the stabilization of closed states. The
influence of confinement on Tf is quite remarkable within a
distance 12 Å; beyond that the conformational switching of
ADK is similar to that in bulk. It was also noted that an
extremely small degree of confinement completely prevents
ADK from switching from closed state to open state due to the
steric effect. In contrast, the affinity facilitates the conforma-
tional switching of ADK from closed states by stabilizing the
open states. The simulation results demonstrate that strong
affinities with h>1.0 drastically enhance the transition rates of
ADK. It can be concluded that the affinity of the environment
has an effect on the conformation switching of proteins only if
they are within a valid distance. Based on our simulations, the
effect on proteins of confinement and affinity of the crowded
environment in cells can be understood clearly. Significantly,
our results reveal that the conformation switching of proteins
occurring in cells is actually affected by the combined effect of
confinement and affinity of surroundings, which is distinc-
tively different from that in bulk.
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