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Abstract: The coarse-grained protein modeling tool, Cabs-flex, is feely available online server; it is based on the CABS
model in which each residue of a protein has been represented by four points. The server was used for the protein
Calbindin Dy in it’s doubly calcium loaded state: small and single domain protein of the EF-hand family. Twelve
representative structures, in all-atom format corresponding to each cluster, were also downloaded along with trajectories,
ready-made plots, images, video, data files of C, RMSD, atomic fluctuation and GDT _TS. In the present study,
simulated C, atomic fluctuations for residues of the protein was compared with the experimental results and also
correlated with the respective C, RMSD and GDT _TS.
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globular proteins. Nuclear magnetic resonance (NMR)
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spectroscopy and all-atom molecular dynamics (MD) are
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the methods of choice for investigation of protein
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flexibility in solution?”, The all-atom MD simulations are
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considered the gold standard in simulating protein
) ) ) whose long-term evaluation describes the protein

dynamics because they capture the essential physics of

) ) ) dynamics well 27

protein dynamics. Because of the difficulty of NMR
Cabs-flex ! is an online server for the fast simulation of

studies and timescale problems in all-atom MD, coarse-
) ) ) folded globular protein structure which is based on the

grained methods have emerged as an inexpensive and
) ) CABS model 23: a well-established coarse-grained protein

powerful alternative. In many cases, the computational
. . L . . modelling tool which may generate consistent protein

cost in MD is prohibitive for biologically relevant
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processes due to its limitation to relatively short time
cost , although with some decrease of the resolution. The
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. Much longer time scales can be accessed by
. . authors demonstrated that the consensus view of protein
properly designed coarse-grained models.
) ) ) ) near native dynamics obtained from 10 ns MD simulations
The CABS model > “is a coarse-grained model in which a
. . L (all-atom, explicit water, for all protein meta-folds using
residue of a protein chain is represented by up to four

the four most popular force fields) is consistent with the
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CABS dynamics. This server needs only a protein
structure in PDB format to start the simulation. The input
structure is used as a starting point for the CABS
simulation of near-native dynamics. The resulting
trajectory is automatically analyzed and processed to
provide the useful description of protein dynamics. The
CABS-flex pipeline uses the CABS simulation protocol.
This server is free and open to all users, and there is no
login requirement. After clicking submit button (preceded
by filling the input-project name and pdb file data), a web
link to the result is provided, which the user can bookmark
and access at a later time. Web links to the submitted jobs
are displayed on a queue page, unless the option ‘Do not
show my job on the queue page’ is marked. Typically, the
computations take about 2 to 3 hours®.Importantly, the
computational cost of obtaining near native dynamics by
CABS simulations was proved to be much lower (=6x10°
times) than that of MD. The CABS design is a
compromise between high sampling efficiency and high
resolution of protein representation’.

Calbindin Dyis a single domain protein of the EF-hand
family with molecular weight 8700 Dalton and 75 amino
acids. It consists of a pair of EF-hands connected by a
flexible linker (from residue number 36 to 45); the EF-
hand is a helix-loop-helix motif. The first EF-hand
possesses the following residues: helix (3-15), loop (16-
24) and helix (25-35); similarly the second EF-hand
possesses helix (46-53), loop(54-62) and helix(63-73). It
is found predominantly in tissues involved in the uptake
and transport of calcium such as cells of the intestinal
brush boarder membrane, also in the kidney and uterus in
some mammalian species. It in encoded in humans by the
S100G gene. It is one of the vitamin D-dependent
calcium-binding proteins. It serves as an attractive model
system for computational investigation due to its small
size. Its structure in various calcium-loaded states has been
extensively characterized experimentally [NMR/X -
rays].The apo structure of the protein was determined by
high resolution 1H NMR technique and refined with
12,13

restrained molecular dynamics in vacuo

In the present paper, how the data, plots and tables

obtained from the computationally cheap means of
accessing backbone dynamics than atomic MD but
extremely useful online coarse-grained server, CABS flex,
were used. The aim was to show how the combination of
freely available online server for the protein simulation
and the coarse-grained simulation technique could give
thermodynamics properties like B-factor of atoms/residues
of the protein. The results so obtained were compared with
the experimental values. This paper could be a starting
point for those who will be planning to use online servers
and simulation techniques to address specific research
questions.

METHOD

The Cabs
(http://biocomp.chem.uw.edu.pl/CAB Sﬂex/l) is the

input file for the flex  server

protein structure file (PDB code or uploaded by a user).
The requirements for the input file are as follows: (i) it
should be in PDB format, (ii) it should be a single and
continuous (without breaks) protein chain up to 400 amino
acids in length, (iii) non-standard amino acids should not
be used and (iv) each residue must have backbone atoms
N, Cq, C and O; side chain atoms may be missing. If there
are multiple conformation (e.g., the structures determined
by NMR) in the input file, the server uses only the first
one. Also, heteroatoms (e.g., water, ligand) aren’t
considered by the server. If an input file has breaks in the
protein chain, this could be fixed using the software as
mentioned in the web-page of the server!. In our case,
PDB code ‘4ICB’'# was used for the server as the input
structure. As it has both chain A and chain B for a few
residues, so the server might consider the chain A only. It
also have two calcium atoms and water molecules, so they
might be ignored by the server. After running the server
about half an hour, following figures, data, plots and tables

can be downloaded:

(i) A PDB file of C, trajectory with 2000 frames (i.e. 2000
snapshot trajectory in C, trace representation).
(i1) 12 superimposed PDB files, each of which represented

a cluster.

W
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(iii) Residue fluctuation profile in text and EPS format.
(iv) A picture of 12 models of above (ii).

(v) A movie in OGV or MP4 format generated by these 12
predicted models.

(vi) Residue RMSD for each of 12 predicted models in
text and EPS format.

(vii) Cluster data, C, RMSD and GDT_TS to the input
structure, C,RMSD between predicted models
CoGDT _TS between predicted models.

and

For the generation of online presented plots, pictures and
eps plot files, Gnu plot 4.5 was used. For the generation of
online presented pictures and movie showing an ensemble
of predicted models in the cartoon representation, open

source PyMOL visualization software was used.
RESULTS AND DISCUSSION

Based in C, RMSD, 2000 models produced by the server
for the given input PDB file were grouped into 12 clusters
(which were done by k-means methods) as shown in the
table 1 and consequently we got 12 corresponding

representative models which were called here predicted

Table 1. Clustering data

models. The PDB files corresponding to these 12 predicted
models consisted of coordinates of all atoms unlike the
total 2000 models which consisted of coordinates of
Cq,atoms only. These predicted models were being
superimposed on each other using Theseus'®software. As
shown in the table 1, 340 models with average RMSD 0.8
fell in the cluster number 1, 284 models with average
RMSD of 0.8 fell in the cluster number 2 and so on. Even
though both clusters had the same average RMSD, they
had different cluster density which was defined as cluster
size divided by the average RMSD. That is, the clusters
were numbered according to the cluster density values,
from the most dense (numbered the first) to the least one.
Since the cluster 1 being the most dense, the predicted
model 1 was considered as the most dominant
conformation among these 2000 structures, followed by
the predicted model 2 and so on. As shown in the table 1,
RMSD values were low which suggested that the
simulated structures didn’t change much from the initial
structure which supported the previous work based on all-

atom molecular dynamics simulation of the protein'2.

Cluster | 1 2 3 4 5 6 7 8 9 10 11 12
number
Cluster | 435 349 244 226 193 161 132 115 107 100 84 61
density
Cluster | 340 284 210 194 175 161 132 123 117 103 92 69
size
Average | 0.8 0.8 0.9 0.9 0.9 1.0 1.0 1.1 1.1 1.0 1.1 1.1
Cluster
RMSD

Table 2. C, RMSD & GDT TS to the input structure
Cluster 1 2 3 4 5 6 7 8 9 10 11 12
number
RMSD 2.73 2.77 2.76 3.07 2.61 2.88 2.73 2.84 2.80 2.75 2.85 2.41
GDT TS | 069 | 0.68 | 069 |0.65 | 069 |0.66 |068 |066 |067 |069 |0.68 |0.71

As shown in the table 2, 2.73 was C, RMSD between the predicted models and input structure for the

clusterland so on; 0.69 was the corresponding global distance test (GDT_TS). GDT_TS metric is considered more

accurate measurement than RMSD. The claims made for the table 1 was also applied for the table 2.

16
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Table 3. C, RMSD between predicted models

# 1 2 3 4 5 6 7 8 9 10 11 12

1 0 1.09 1.72 1.68 0.85 1.38 1.06 1.56 1.75 1.43 1.38 1.57
2 1.09 0 1.53 1.70 1.10 1.37 1.30 1.72 1.91 1.31 1.46 1.60
3 1.72 1.53 0 1.17 1.45 1.74 1.52 1.59 1.96 1.71 1.90 1.81
4 1.68 1.70 1.17 0 1.54 1.75 16 51 1.42 2.02 1.90 1.95 2.00
5 0.85 1.10 1.45 1.54 0 1.46 0.99 1.47 1.80 1.48 1.38 1.43
6 1.38 1.37 1.74 1.75 1.46 0 1.56 1.49 1.50 1.45 1.81 1.98
7 1.06 1.30 1.52 1.51 0.99 1.56 0 1.54 1.69 1.51 1.48 1.50
8 1.56 1.72 1.59 1.42 1.47 1.49 1.54 0 1.70 1.82 1.81 2.10
9 1.75 1.91 1.96 | 2.02 1.80 1.50 1.69 1.70 0 1.54 1.72 1.93
10 1.43 1.31 1.71 1.90 1.48 1.45 1.51 1.82 1.54 0 1.31 1.61
11 1.38 1.46 1.90 1.95 1.38 1.81 1.48 1.81 1.72 1.31 0 1.61
12 1.57 1.60 1.81 2.00 1.43 1.98 1.50 2.10 1.93 1.61 1.61 0

As shown in the table 3, 1.09 was the RMSD between first and second predicted models. All C, RMSD were
within 2.00, so these 12 predicted structures didn’t deviate much from the input structure.

Table 4. C, GDT _TS between predicted models

# 1 2 3 4 5 6 7 8 9 10 11 12

1 1 0.90 0.85 0.88 0.95 0.89 091 0.89 0.83 0.87 0.89 0.82
2 0.90 1 0.88 0.83 091 0.93 0.89 0.85 0.83 0.93 0.90 0.82
3 0.85 0.88 1 0.89 0.88 0.84 0.87 0.84 0.82 0.86 0.79 0.79
4 0.88 0.83 0.89 1 0.87 0.85 0.90 0.87 0.87 0.82 0.81 0.76
5 0.95 091 0.88 0.87 1 0.90 0.92 0.90 0.83 0.88 0.89 0.86
6 0.89 0.93 0.84 0.85 0.90 1 0.88 0.88 0.86 0.92 0.86 0.79
7 091 0.89 0.87 0.90 0.92 0.88 1 0.85 0.88 0.86 0.86 0.82
8 0.89 0.85 0.84 0.87 0.90 0.88 0.85 1 0.85 0.82 0.86 0.75
9 0.83 0.83 0.82 0.87 0.83 0.86 0.88 0.85 1 0.87 0.85 0.79
10 0.87 0.93 0.86 0.82 0.88 0.92 0.86 0.82 0.87 1 0.88 0.82
11 0.89 0.90 0.79 0.81 0.89 0.86 0.86 0.86 0.85 0.88 1 0.83
12 0.82 0.82 0.79 0.76 0.86 0.79 0.82 0.75 0.79 0.82 0.83 1

In the table 4, values of C, GDT_TS between predicted models were shown. These were close to 1, so they further

reinforced the results of the table 3.

Fig 1 showed the residue fluctuation profile which gave
the relative propensities of protein residues to deviate from
an average structure of the trajectories. The fluctuation of

the residue i is defined? as

15 i i i i i
(R?) =S [(Plix- €’ + (Pliy- €liy)® + (P~ €i2) ]

Where j is the trajectory frame, i is the residue index, c is
the position of the C, atom in the average structure and N
is the number of trajectory models.<> denotes the average
over a whole trajectory for the residue i.
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Figure 1: Residue fluctuation profile
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Figure 2: Residue fluctuation profile for C, from PDB file of 41CB

Fig 2 showed the plot of fluctuation versus residue number for C, atom of each residue. B-factor values of these atoms

were given in the download pdb file for 4ICB. The relation between the B-factor and atomic fluctuation of the protein is

given as'

<Ar’> = (3/8n%) B;, where <Ar’> is the average atomic
fluctuation for the atom i and B; is the corresponding B-

factor.

"The B-factors of residues of the protein reflect protein
flexibility and they are influenced by factors such as
crystallization conditions, the refinement method (used for
the interpretation of X-ray data) and the molecular
environment of the crystal structure. The crystal
environment has a significant effect on protein flexibility:

the spectrum of fluctuations is considerably flattened in

crystal as compared with that in solution °. It should be
noted that X-ray structures have been determined at
cryogenic temperatures; at that temperature B-factors have
reduced values because of the packing defects and it may
result in unrealistically unique non-functional structures.
These reasons hence warned that descriptions of protein
flexibility derived from X-ray models and B-factors must
be approached with caution”!®!!. Studies of the plots as
shown in Fig 1 and Fig 2 also supported the above
mentioned arguments in the following lines: (i) The

maximum value of fluctuation was about 1.0 A (except
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last few C-terminus residues) in the experimental case
while it was about 6 A for the simulation case (except first
few N-terminus residues). This supported the all atom
simulation results'? that fluctuations were overestimated in
the simulation than in the experiment. (ii) Neglecting end
residues, fluctuation of residues in simulation is greater
than those for the corresponding residues in the
experiment. (iii) Since residues from residue number 36 to
45 represent the linker region, which connects a pair of EF
hand of the protein, naturally fluctuations of these residues
should be higher. The maximum value of fluctuation fell
Coarse- grained simulation did not take into account of
two calcium atoms bounded by EF-hands of the proteins
but in reality the effects of these atoms couldn’t be
neglected for the cases in which fluctuations were being
studied. (v) Because these two calcium binding sites are
coupled by a short B-type interaction formed by two
backbone-backbone hydrogen bonds between L23 and

00

RMSD(A)
]

in that range of residues for both cases as shown by peaks
in Fig 1 and fig 2. (iv) As the calcium atom in the first
binding site is bounded by ligands provided by residues
14-27, fluctuations of these residues are expected to be
low as seen in the experiment; similar is the case for the
calcium atom in the second binding site which is bounded
by ligands provide by residues 54-65, Fig 2. In contract,
two peaks (representing high fluctuation value) were seen
in these regions in simulation, Fig 1. The results were not
unusual because the simulation protocol of this
V61, the fluctuations of these residues were low in both
simulation and experiment.

The Fig 3 showed the residue RMSD value profile i.e., the
RMSD between the input structure and the first predicted
model. The nature of the plots for RMSD of the input

structure and other predicted models was seen similar.

1 6 11 16 21 26 31 36

11 16 51 56 61 66 71 76

Residue index

Figure 3: RMSD profile for first cluster

The plot shown in Fig 3 actually repeated the same story
as given Fig 1; rmsd of residues (16-24 and 54-62) those
binds two calcium atoms possessed peak values as in Fig
1. Similarly, the linker region of the protein (36-45) also
showed peak values. Although these rmsd values were
high for the residues that provided ligands to bind calcium
atoms and linker region residues, residues of helix regions
with  those  obtained from

were  comparable

computationally expansive all-atom simulation of the

protein 2,
CONCLUSIONS AND FUTURE DIRECTION

The results of fluctuation of residues of the protein
calbindin Dy calculated from coarse-grained simulation
resembled with those obtained from the crystallographic
experiments taking into accounts on (i) the experimental
conditions such as

crystallization conditions, the
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