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7.1: Introduction 

Aminoacyl -tRNA syrithetases catalyze the attachment of amino acids to their specific 

tRNAs in protein synthesis. They are also involved in various biological processes. In 

higher eukaryotes several of these enzymes are found in a multienzyme complex [1-4]. 

These multiprotine complexes are composed by nine synthetases (IRS, LRS, MRS, QRS, 

PRS, KRS, DRS, and bifunctional EPRS) and three auxiliary proteins pl8, p38, p43 [5, 

6]. These nine synthetases react with Glu, Pro, Ile, Leu, Met, Lts, Gin, Arg, Asp [7]. With 

the tRNA synthetase of higher eukaryotes, glutamyl and prolyl - tRNAsynthease of 

higher eukaryotes catalytic activities have been found linked in a single polypeptide [8, 

9]. In human glutamyl - prolyl - tRNAsynthease(EPRS), two catalytic domains 

exhibiting each enzyme activity are linked by a linker peptide that contains three 

tendemly repeated motifs (EPRS-Rl, EPRS-R2, EPRS-R3) of 57 amino acids[9]. In 

human prolyl - !RNA synthease absent of this linker peptide was still active, suggesting 

that it is not essential for catalytic activity. Therefore linker region may play a different 

role in the cell other than the catalytic function [1 0]. Peptide sequences homologus to 

these repeats have also been found· in other !RNA synthetases. They are present as a 

single copy in the N-terminal extensions of glycyl, tryptophanyl, histidyl !RNA 

synthetases, which have been found as free forms and in the C-terminal extension 

methionyl t-RNA synthetase has been found in the complex form (11-15). These motifs 

were identified as an antigenic epitope for auto antibodies detected in myositis patients 

(16). In Human histidyl-t RNA synthetase due to the lacking of this peptide region it is 

lost antigenicity and catalytic activities, suggesting its importance in these two activities 

(17). EPRS-Rl contain helix-tum-helix structural motif(18). Jeong eta!. solved the NMR 

structure of multifunctional peptide motifs in human bifunctional glutamyl-prolyl

tRNAsynthetase [19]. Two helices are found in residues from 679 to 699 and from 702 to 
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721. Two helices are interacting with hydrophobic residues [Val (692), Leu (695), Ala 

(670), Val (705), and Ala (708)] close to tum involved in helix-helix interaction. The C

terminal loop folds back to interact with the aromatic residues. The hydrophobic 

interaction between Tyr (727) in the loop Tyr (682), Tyr (719) in the helix are essential 

for the C-terminal loop formation. Also hydrophobic residues are involved in helix-helix 

interaction but other are on the surface. These suggest that they may in role in protein~ 

protein or protein-nucleic acid interaction. When non catalytic motifs attached to the 

catalytic domains of tRNAsynthetase including the repeated motifs of EPRS, exert 

biological function. One is that they are involved in protein-protein interaction for the 

multi-tRNAsynthetase complex and another is that they used as a tRNA-binding motif for 

delivery and efficiency. The RNA binding mode of this helix- tum-helix motifs also 

found in other homologous RNA binding motifs and used in protein RNA interaction. 

Repetition of helix-tum-helix to enhanced functional flexibility and binding affinity in 

molecular interaction. 

In this work we intend to obtain the motional properties of protein, its secondary structure 

and important residues by monitoring RMSD, Radius of gyration and also through 

principal component analysis. 

7.2: Materials and Methods 

Solution structure (NMR) of the protein (Protein Data Bank code 1FYJ) was used as 

starting structure [19] was used as a starting structure. A single monomer was solvated 

with SPC water molecules in a cubic box, having an edge length of35A0
• The simulation 

was performed using GROningenMAchine for Chemical Simulation [20]. The LINCS 

algorithm was used to constrain all bond lengths [21]. The simulation was conducted at a 

constant temperature (300 K), coupling each component separately to a temperature bath 

using the Berendsen coupling method [22]. A cutoff of 0.9 nm was used for Lennard 
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Jones interaction and 1.0 nrn for Coulomb interaction. The time step was 2 fs, with 

coordinates stored after every 4 ps. MD simulation was performed for 12ns. Before 

running simulation, an energy minimization was performed in steepest descent method 

followed by conjugate gradient method [23, 24]; and this was followed by 1.0 ns of 

simulation imposing positional restraints on the non-H atoms. The positional restraints 

were then released and 12ns production run were obtained and analyzed. Analysis 

programs from GROMACS were used and PCA was performed with the MD trajectory. 

7.3: Results and discussion 

The overall structural stability of the protein during the simulation has been monitored 

using several parameters like RMSD, radius of gyration (Rg), RMSF etc. 

The time evolutions of RMSD of the whole protein of human bifunctional glutamyl-

prolyl-tRNA during the full simulation time (Fig 1) shows an initial drift in RMSD which 

may be due to the difference of crystal structure with solution structure. It is evident from 

figure 1 that RMSD slightly increases up to 4000ps, and then slightly decreases and again 

increases up to 9500ps and after that almost become stable. 
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Fig 1: Time evolution ofRMSD during whole simulation of time 
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The variation of radius of gyration (Rg) as function of time is presented in figure 2, and 

from this figure it is clear that Rg show much variation during the simulation time which 

indicates that the protein is much flexible. 
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Fig 2: Time evolution Rg changes in aqueous medium during 12,000 ps Dynamics 

simulation 

The flexibility of different segments of the protein is also revealed by looking at the root 

mean-square fluctuation (RMSF) of each residue from its time-averaged position. RMSF 

of Ca is presented as a function of residue number in figure 3. From RMSF, it is evident 

that first and last residue fluctuates considerably. Interestingly pronounced fluctuations 

are observed for both the helixes. The hydrophobic interaction bctweenTyr727in the loop 

Tyr682, Tyr719 in the helix shows less fluctuation. 

1 2 • 

1 i 

so.8 
I 
1 s 

~ 0 6 

~ 04 

.; 

0.2 

0 
676 686 696 706 716 726 736 

R.esLI.u.e Nwnhr 

Fig 3: Plot of RMSF va lue of Ca atoms va lue in aqueous medium presented as a 

function of residue number of human bifunctional glutamyl-prolyl-tRNA 

synthetase in starting NMR structure 
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The flexibility of different segments of the protein is also revealed by looking at the root 

mean-square fluctuation (RMSF) of each residue from its time-averaged position. RMSF 

of Ca is presented as a function of residue number in figure 3. From RMSF, it is evident 

that first and last residue fluctuates considerably. Interestingly pronounced fluctuations 

are observed for both the helixes. The hydrophobic interaction betweenTyr727in the loop 

Tyr682, Tyr719 in the helix shows less fluctuation . 

RMSD of C tenninal a helixes, HI and H2 are computed and presented in figure 4. Tt is 

observed that helix Hl have more fluctuations than helix H2. 
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Fig 4: Plot of time evaluation of RMSD values of Helix Hl and Helix H2 
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A common approach in the identification of the major motions of a protein is the use of 

PCA [25, 26]. PCA reduces the dimensionality of a complex data set and applied to 

decompose a complex motion of proteins, which are characterized by an eigenvector and 

an eigenvalue. The eigenvalue for a given motion represents the contribution of the 

corresponding eigenvector to the global motion of the protein. PCA of the human 

bifunctional glutamyl-prolyl-tRNAsynthetase simulation reveals that the first 10 

eigenvectors account for 88.67% of the global motion and that the first eigenvector 
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corresponds to 40.46% of the total motion, the second to 13. 19%, and the third to a 

further II . 70% (Fig 5). 
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Fig 5: Plot of Eigen values with E igenvector indices 

During the simulation, several hydrogen bonds broke and formed. It is found that the 

number of hydrogen bonds ranged from 17 to 49 during simulation (Fig 6). The hydrogen 

bond network is weak, because there is a variation in number of hydrogen bonds support 

the molecule is flexible . 
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Fig 6: Number of Hydrogen bonds during the whole simulation of Time 
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The probability of sampling the phase space determined by first two principal modes 

during the simulations of the protein is presented in Figure-9. From this figure it is clear 

that the protein is sampling different conformational space during the simulation. 
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Fig 9: Plot of Eigenvector 1 with Eigenvector 2 

We further examine the probability of accessing regions of the phase space determined 

PCI , PC2 & PC3 (Figure-10) and it is clear that the protein show very little arrangement 

in the XY plane and almost equally arrange in both the plane YZ and XZ. 
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Fig 10: Conformational sampling: The Probability of sampling the phase space 

determined by PCl, PC2, PC3 
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We have taken some selected snapshots from dynamics trajectory considering time 

evolution of RMSD as a guideline. The snapshots were taken when the RMSD from 

initial structure was high, and they are presented in figure 11. From the snapshots, it is 

clear that there was major changes in the protein conformation which also support that the 

molecule is flexible. 

sooo,.. 

Fig 11: Snapshots at different time 

From overall study it is found that during the dynamics, the structural variations, as 

measured by RMSD and the raruus of gyration as a function time for the protein suggest 

that the protein is flexible. 

From the probability of sampling the phase space determined by first two principal modes 

during the simulation the projection of the dynamics trajectory onto the first two PC that 

the protein traverses one conformational space around the origin and another at the right 

side of the origin and also at the left side of the origin which are much scattered, 

indicating high conformational freedom of the protein this is also revealed by rufferent 

snapshots of the different structures extracted along the simulation trajectory in different 

times (Fig 11 ).It is also evident from Figure 9 that conformational freedom is more at the 

left side of the origin. 
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