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Abstract:
SaHPF is the protein of gram-positive bacterium Staphylococcus aureus, which is causesa variety of diseases
(pneumonia, meningitis, endocarditis, etc.), including nosocomial infections. SaHPF ishibernation-promoting factor,
presumably interacts with the 30S subunit the ribosome and alters its conformation, and this results binding together
of two ribosomes. Such ribosomal dimers do not perform protein synthesis, and this allows the cell to survive the
unfavorable environmental conditions.The understanding of SaHPF-ribosome interaction mechanisms will allow to
develop new antibacterial drugs.
Protein structure was predicted using Robetta, Quark, I-Tasser, SWISS-MODEl and Phyre2 software, which used
methods: homology, threading and ab initio. In total 24 protein models were built. Quality assessment of the obtained
protein structures models was performed by Qmean program. Among the predicted structures, the most qualitative
assessment was obtained model of the protein built in Robetta program, which builds the models by combining the
methods of homology and ab initio. This model of the protein was analyzed by equilibrium molecular dynamics
method in NAMD program, using Charmmforce field. The analysis of molecular dynamics trajectories using
principal component and normal mode methods revealed a special mobility of the loop and the C-terminal domain of
the protein, which may complicate the resolution of SaHPF structure by experimental methods (crystallography and
NMR).
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1. Introduction
SaHPF - S.aureushibernation promoting factor is the protein involved in the process of S.aureus ribosome
dimerization. SaHPF consists of 190 amino acid residues [1].
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In paper [2] ribosomal particles with 100S sedimentation constant were founded in Gram-positive bacteria S.aureus.
Using 2D electrophoresis they analyzed proteins associated with a ribosome. As a result it was revealed that in
ribosome dimers this protein is bound with70S in a molar ratio of 1:1. With anincrease of salt concentration the
elution of protein from the complex with a ribosome occurred, leading to 100S decay, an inverse addition of protein
resulted in dimer formation. These results confirm the key role of protein in the formation of S.aureus ribosome
dimers. The formation of dimeric ribosome particle allow a cell to survive adverse environmental conditions,
stopping energy-consuming processes polypeptide chain synthesis of translation. S.aureusis Gram-positive bacteria
and the cause of many diseases [3,4]. Understanding the mechanisms of interaction of protein with the ribosome will
allow to develop new drugs of antibacterial action against ribosomes [5].
Methods of protein structure prediction in silico enable to obtain the primary data on protein domains and to compare
structural features of the of homologous proteins models [6]. Available programs of spatial proteins model prediction
have their peculiarities. Most of them at the first stage of spatial model development use primary sequence of proteins
homology method presented in the data base of PDB structures [7].I-Tasser builds the structures of proteins by
homology method of primary and secondary protein structures [8]. Robettabuild three-dimensional structures byof
the methods of homology and ab initio [9].
QUARK uses only ab initio methodfor the construction of protein models [10]. The construction of protein models
by ab initio method is time and resource consuming process. Therefore, at the first stage Robettabuild the areas of
proteins, which has homologous to known structures, and by ab initio method completionunknown part of the model.
QUARK is limited by the length of protein primary sequence. The program build three-dimensional models for
proteins at the length of no more than 200 amino acid residues.
The quality of protein model construction by different programs is estimated by CASP system [11].
NAMD is a popular program used for molecular dynamics performance [12]. The force fields Amber [13] and
Charmm [14] are used for the physical and chemical description of molecules [14]. Molecular dynamics trajectories
are analyzed by various scripts. Also the analysis may be performed in VMD program [15] and in the statistical
package bio3D within R environment [16, 17]. Using molecular dynamics one may describe the structural features of
protein, the mobility of its domains, and analyze its interaction with various ligands [18,19].
The aim of this study is the prediction of SaHPF protein structure 3d model and the analysis of its domains mobility
by equilibrium molecular dynamics.
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2. Methods
The 3D model of the protein was predicted using the following programs: I-Tasser [8], Robetta [9], QUARK [10],
Phyre2 [20] and Swiss-Model [21]. The evaluation of built protein models was carried out using Qmean program
[22]. The equilibrium molecular dynamics of predicted model was carried out in NAMD 2.8 program using force
field Charmm 36.
The preparation of files for molecular dynamics was carried out in VMD program. Protein structure was placed in the
water box, the system charge was neutralized by the addition of NaCl ions. The water box dimensions were 68 × 84
× 80 Å. For the first stage the energy of protein-water-ions system was minimized during 40000 steps. Then the
system was heated to 300 °K with the increment of 1° per 100 steps of dynamics. After heating the equilibration of
kinetic and potential energy of system was performedfor 200,000 steps. The equilibrium molecular dynamics of
prepared system was performed for 20 ns (20,000,000 steps) at 300 °K. Molecular dynamics analysis was performed
using VMD software and the statistical package bio3D in R environment, the mobility of protein domains was
analyzed using on-line servers AD-ENM [23] and Flex Serv [24].
3. Results and Discussion
24 SaHPF models were developed using the programs of protein structure prediction (Table 1). The following
proteins were used bysoftware as homologous structures: 1L4S [25], 1IMU [26], 3LYV [27], 1N3G [28], 3KA5 [29],
3V26 [30]. It was found that SaHPF protein consists of two domains, and significant differences in the predicted
models have been associated with the location of these domains in relation to each other. Table 1 shows the
evaluations of constructed model quality obtained during structure analysis in Qmean program. The results of the
program operation are evaluated according to several criteria.
Figure 1 shows the position of the predicted 3D protein model relative to the evaluation of experimentally allowed
structures from databases (PDB). The error probability of each amino acid residue position in the predicted structure
is shown on Figure 2.
The protein consists of two domains and a hinge, which connects them. The first domain (N-terminal) is presented by
100 amino acid residues, a poorly structured hinge consists of of 40 amino acid residues, the second domain (Cterminal) is composed of 50 amino acid residues. The positions of the amino acid residue atoms presented in β-layers
and α-helix are determined most clearly, while the hinge and loops first and second domensof the protein atoms have
a large enough position uncertainty.
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Table 1. The assessment of Qmean quality for SaHPF structure predicted by different programs.
Total QMEAN-
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Fig.1 Qmeanquality evaluation for the predicted SaHPF protein model 3 constructed in Robetta program. The
model estimation is denoted by «X».

Figure 2. Error probability (in Å) of amino acid residues positions for the predicted SaHPF protein model № 3
built in Robetta program.
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The analysis of RMSD (root mean square deviation from the initial structure) shows that the protein molecule is quite
movable. For simulation steps with stable and minimum RMSD values, RMSF (deviation from average atomic
coordinates value) was estimated (Fig.3), which showed that the amino acid residues of the hinge and the second
domain are major contributors to the mobility of the protein. The RMSF average value for the first domain was 2.08
Å (fluctuation values for a.a. residues were in the interval from 1.06 to 4.51 Å), for a hinge the average was 3.15 Å
(from 1.14 to 5.62 Å), for second domain the average was 2.87 Å (from 1.45 to 5.11 Å). RMSF for first domain was
significantly less than the RMSF values for hinge and the second domain (p-value <0.001) (Fig.4). Principal
component analysis and normal mode analysis molecular dynamics trajectories also confirm high mobility of hinge
and second domain (Fig.5). It is most likely that the current problems of the SaHPF structure determination by
experimental methods are caused by the mobility of the hinges and the second domain of this protein.

Figure 3. RMSF for MD frames with plato RMSD. "1" and "2" show SaHPF areas with the greatest mobility.

Figure4. 95% confidence interval of RMSF for MD frames with plato RMSD.
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Figure 5.Intra-domain collective motions in the SaHPF structure determined by elastic normal modes analysis. A. The
contribution of the amino acid residues in the first (pictured in black) and the second (pictured in blue) main
components. B. Visualization of mobile parts in SaHPF structure obtained by normal mode method. "1" and "2" show
SaHPF areas with the greatest mobility.
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4. Summary
Computer methods predicted SaHPF protein structure model of sufficiently high quality according to Qmean
evaluation. SaHPF comprises two domains and hinge connecting them. The first domain is a fully structured one,
while the rest of the protein molecule does not have a clear secondary structure. The analysis of molecular dynamics
trajectories for predicted SaHPF model confirms the high mobility of the loops first and second domains and
especially for hinge. These structural characteristics of the protein may be a significant problem at the resolution of
its three-dimensional structure by experimental methods.
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