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Talin is an important linking between integrin and the actin cytoskeleton. In
the process of signal transduction, talin play a critical role in the bidirectional signal
transfer. In this paper, we analyze the motion modes of talin rod domain with the Gaussian
network model. The results show that the two free terminals move in a negative correlated
way, and this large-scale conformational change trend rest with the topological
characteristics of the structure. For the peaks of the fast modes, it corresponds to some
residues, and these residues are important to the stability of the structure. They may also
act as key residues when they talin interacted with integrin or other signaling molecules.
As an inherent feature of the structure, these motion modes are determined by the topology
character of the structure. These results can provide a better understanding of the motion
trend of talin in the process of signal transfer.
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Talin is a ubiquitous cytosolic protein
(Rees et al.,1990; Gingras et al., 2009; Critchley et
al., 2008). Its C-terminal rod domain contains
bundles of alpha helices. The N-terminal FERM
domain includes three sub domains: F1, F2, and
F3. The F3 sub domain can interact with integrin,
and the rod domain contains binding sites for
vinculin. With these interactions, talin can link the
integrin to the actin cytoskeleton either directly or
indirectly by interacting with vinculin and alpha-
actinin.

Talin plays an important role in
mechanotransduction. From the extracellular matrix
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to the transmembrane signal protein-integrin, and
then to actin cytoskeleton, outer mechanical
stimulation can be transmitted to biochemical
signal. Some biochemical signaling pathways,
activated ' by mechanical stimuli, have been
studied systematically.

However, the mechanisms of this process
is still underway, and there are still many problems
need to be studied. With some signal molecular
structure data be solved, the molecular detail of
the mechanotransduction process has now
become a research hotspot.

The rod domain of talin provides an
essential structure link between integrin and the
actin cytoskeleton (Moes et al., 2007). Several
studies have examined the mechanical properties
of other molecules with rod-like coiled-coil
conformations. The results of these works suggest
that the rod domain can contribute some
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conformational rigidity and flexibility to the
molecular structure. For a linker between the
integrin and actin cytoskeleton, less focus has been
paid for the rod domain of talin.

In this work, the motion mode of the rod
domain of talin is investigated from a novel point
of view through a simple coarse-grained scheme-
Gaussian network model (GNM) (Haliloglu et al.,
1997; Erman, 2006; Yang et al., 2005). The GNM
can investigate the large-scale conformation
motions of the biomolecular systems, which does
not require a high computational cost of MD. In
numerous application studies, the GNM method
has been proven to be a simple yet useful tool, and
the results of GNM are in good agreement with
that of MD simulation (Su et al., 2007).

In this work, we choose the C-terminal
dimerization rod domain of talin as our research
object to investigate its large-scale conformation
motion modes.

Fig. 1. The ribbon representation
of the of talin rod domain
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Fig. 2. The contact map of the rod domain
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The rod domain of talin is an anti-parallel
dimmer. Figure 1 is the ribbon representation of
the molecule. Each monomer contains 317 residues.
There are ten helixes in the chain A and nine helixes
in the chain B. Each of these helixes can be divided
into two groups. These two groups are linked by
the longest helix of the monomer.

To show the structure of talin rod domain
more clearly, we constructed the native contact
map of its conformation, showed as Figure 2.

With the structure data got form protein
data bank (PDB), we can calculate the distance
between residues. Here, the carbon alpha is used
to present residue. If the distance between two
residues is less than a cut-off, then there will be a
native contact between these two residues. In this
work, we use the 7.3 angstrom is used as the cut-
off.

Interestingly, as shown in Figure 2, the
contact map presents an obvious regularity.
Showed as in Figure 1, the second structure
element of the rod domain is alpha-helix. So, the
regular pattern of its structure is transferred to the
regularity of its contact map. There are four helix
bundles in the chain A and B, and each of them is

R mposed with some alpha helixes. The two

bundles in the chain A is linked by a long helix.
Due to the flexibility of this long helix, the bundle
can retain its structural rigidity on a certain extent.
The contact map is divided into four parts,
corresponding to these four helix bundles.

METHODS

In the Gaussian network model, the 3-D
structure of protein is simplified to an elastic

network, with the Gﬁ atoms as nodes. When the

distance between two [, atoms are less than a
certain cutoff (7.3 A is adopted in this work), they
will be connected by a harmonic springs link. The
force constant of all springs is identical.

Considering all contacting residues, the
internal Hamiltonian of the system can be written
as

1
I = 5 FART (T @ E1AR) (D)

where ¥ is the harmonic force constant;
represents the 3N-dimensional column vector
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of the X, Y, and Z components of the fluctuation
vectors AR AR, AR, of the T atoms, N is the
number of residues; the superscript T denotes the
transpose; E is a third-order identity matrix; @ is
the direct product; and T is the /i = jif symmetric

Kirchhoff matrix in which the elements are written
as:

-1 if i#jand Ry<r,
r=4 0 if i#jand R, >r

-3l if Q=]

k=]

(2

where E'ﬁ- is the distance between the ith

and jth _atoms and ¥, is the cutoff distance.

The mean-square fluctuations of each
atom and the cross-correlation fluctuations
between different atoms are in proportion to the
diagonal and off-diagonal elements of the pseudo
inverse of the Kirchhoff matrix. The inverse of the
Kirchhoff matrix can be decomposed as

Ch=ta™u’ -(3)
where U is an orthogonal matrix whose

columns 412 #< fif) are the eigenvectors of [ .

A is a diagonal matrix of eigenvalues £ of .

The cross-correlation fluctuations between the ith
and jth residues are given by

g T e
AR AR, 5= %[1" Iy o

where kgis Boltzmann constant, T is
absolute temperature, and the meanings of ¥ and
I" are the same as that of Eq. (1). When i = |, the
mean-square fluctuations of the ith residue can be
obtained.
The mean-square fluctuation of the ith
residue associating with the kth mode is given by
{aRy AR, = 3hgT
¥
The B-factor is correlated to the mean-
square fluctuation. The calculation of the B-factor
can be showed as the following expression:

B =8r%(4R, 4R, )/3 (6)

A D[]y ..(5)

RESULTS AND DISCUSSION

Comparison of B-factors

In order to do an assessment of the
feasibility of using the GNM method to calculate
the rod domain of talin, we compared the B-factors
got from GNM with the data got from X-ray in the
experiment.

According to the principle of GNM, we
calculate the B-factor of the rod domain of talin.

Figure 3 shows the comparisons between
the calculated B-factor with the experimental data
from X-ray crystallography.

In Figure 3, the calculated B-factor is
presented with solid lines, marked with a label
Bfactor-js. The data from the X-ray experiment is
shown as a dotted line, and marked with a label
Bfactor-sy.

The correlation coefficient between the
experimental B-factor and the calculated one is
about 0.5. This result is similar to those of the
recent studies for other proteins.
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Fig. 3. Comparison between the calculated
B-factor (Bfactor-js, showed as solid lines) with the
experimental one (Bfactor-sy, showed as dotted lines)

The slow modes of the motions

The slow and long wavelength collective
modes represent functionally relevant motions of
protein.

Figure 4 displays the first mode of the
dimerization rod domain got from the GNM. The
ordinates in Figure 4 show the normalized
distribution of squared fluctuations driven by the
first slowest modes.

From Figure 1, we can see the two
monomers from a shape similar to V. The chain A, B
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all have a free end, with the remained two terminals
are adjacent. In Figure 4, the two monomers of the
dimmer can be divided into three groups. The first
group is the N-terminal of the chain A, the third
group is the C-terminal of the chain B. For the C-
terminal of the chain A and the N-terminal of the
chain B is spatially close, so they formed the second
group with low fluctuation.

From Figure 4, it is obvious that the
fluctuation of the C-terminal of the chain B is bigger
than that of the N-terminal of the chain A.

The structural basis of this phenomenon
is that the chain A is more curved than the chain B,
so the N- terminal of the chain A will be closer to
the other part of the molecule, and will have more
interaction with other residues.

In contrast with the chain A, C- terminal
of the chain B is freer, and there are fewer links
between the C- terminal of the chain B with other
residue.
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Fig. 4. The slowest mode shape of the structure for talin

The second group, including the C-
terminal of the chain A and the N-terminal of the
chain B, has a low fluctuation. These two parts of
the second group are much closed spatially, so
there are many interactions between them, and they
nearly formed a rigid body that has a very low
fluctuation.

The fast modes of the motions

The fast modes correspond to
geometric irregularity in the local structure, and
the fluctuations associated with these modes are
accompanied by a larger decrease in entropy than
that of slow modes.
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So, residues acting in the fast modes are
thought as kinetically hot residues, and they are
critically important for the stability of the tertiary
fold.

Figure 5 shows the fastest six modes of
the structures. There are several peaks in the curve
that correspond to the kinetically hot residues,
which may play a key role in the stability of the
protein.

For the chain A, there are ten ¢ -helixes.
As the longest helix in the chain A, the helix 6
contains 55 amino acids, with residue index from
134 to 188. So, residues acting in the fast modes
are thought as kinetically hot residues, and they
are critically important for the stability of the
tertiary fold. So, residues acting in the fast modes
are thought as kinetically hot residues, and they
are critically important for the stability of the
tertiary fold.

Figure 5 shows the fastest six modes of
the structures. There are several peaks in the curve
that correspond to the kinetically hot residues,
which may play a key role in the stability of the
protein.

For the chain A, there are ten ¢r -helixes.
As the longest helix in the chain A, the helix 6
contains 55 amino acids, with residue index from
134t0 188.

For the chain B, there are nine helixes.
The longest helix (helix 15) contains 54 residues,
with residue index from 451 to 504. The helix 6 is a
link between the N-terminal and the c-terminal of
the chain A, so is the helix 15.

It is interesting to find that few peak
appeared in the two sections corresponded to the
helix 6 and helix 15.
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Fig. 5. The fastest six mode shapes of the structure
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This showed that these two helixes are
used mainly as a link to build the structure of the
protein, less functional key residues is located in
these parts.

It is also found that these hot residues,
almost all of them are belonged to some helixes
other than some random coil, are tightly packed. A
large part of them is located in an exposed region.

It has been proposed that there are some
integrin binding sites on these two chains. So these
hot residues, with big fluctuation in their fast
motion modes, may be involved in the interactions
with integrin.

Cross-correlations between atomic fluctuations

The cross-correlations between the

fluctuations of ., atoms are calculated with Eq.
).

Since the modes with low frequency
correspond to functional motions, and the modes
with high frequency correspond to localized
motions, here only low frequency modes are used
to improve the signal-to-noise ratio. We used the
first 40 modes in our calculations. The results are
shown in Figure 6.

The cross-correlation value ranges from
-1 to 1, in which the positive values represent that
the residues move in the same direction, and the
negative values represent that they move in the
opposite direction. As shown in the color bar, we
use red color to present a positive cross-correlation
value, and we use blue to show a negative value.
The higher the absolute cross-correlation value,
the well the two residues correlated (or anti-
correlated).

As shown in Figure 6, there is negative
correlation in the dark regions and positive
correlation in the light regions. It is obvious that
the cross-correlation map of this dimmer can be
divided into nine areas. There are four light portions
anti-diagonal. These four parts correspond to the
four groups of the dimmer, which are the N-terminal
and the C-terminal of two chains.

The corners along the diagonal are two
dark portions. The negative correlation of this
portion indicates that the relative motion between
the N-terminal of the chain A and the C-terminal of
the chain B is negatively correlated, or they are
moving in an opposite direction.

Between the light and dark portions are
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some gray portions, corresponding to the cross-
correlation of the relative movements between the
four groups.

In the four light portions, corresponding
to the movement in the inner of each group, some
light band appeared. Each light band is
corresponding to a helix in the dimmer.

It is notable that the cross-correlation of
the longest helix (helix 6) in the chain A, residue
index from 134 to 188, is divided into two sections.
From the structure data, we can find that this helix
can be parted as two sections. One is belonged to
the N-terminal with residues from 134 to 164, and
the other is belonged to the C-terminal with
residues 168 to 188.

The cross-correlation in these two
sections is positive, but the cross-correlation
between these two sections is changed to be
negative, as marked out by a rectangle in the figure.

This phenomenon shows that the residues
within the two sections move in a highly coupled
way, and they will keep their structures stable
during movements.

The two sections will move in an
opposite direction, so the helix will be bent as
shown in the structure representation (Figure 1).

00 400
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Fig. 6. The cross-correlation maps calculated
using the first 40 modes of the structure

The situation of the helix 16, the longest
helix in the chain B, is similar to that of the helix 6,
also be marked out by a rectangle in the Figure 6.

CONCLUSIONS
The rod domain is an essential structural

J PURE APPL MICROBIO, 7(SPL. EDN.), APRIL 2013.
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link between integrin and the actin cytoskeleton
(Wegener et al., 2007; Calderwood et al., 2002;
Calderwood €t al., 1999). Its motion modes are
investigated in this work. The results showed that
the protein can be divided into three groups with
the N-terminal of the chain A as a group and the C-
terminal of the chain B as a group, the C-terminal
of the chain A and the N-terminal of the chain B
from the other group. The two free terminals move
in an opposite direction. This result is consistent
with the view that the general shape instead of the
local interactions plays an important role in low-
frequency motions (Lu et al., 2005). The peaks in
the fastest six modes are the most packed residues
which may be involved in the interactions with
integrin.
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