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Conformational changes during protein  -protein or ligand  -protein docking play an important role in the 
biological processes. These changes involve low frequency collective motions, and normal mode 
analysis is generally used for finding the frequencies and mode shapes of the proteins. Many studies 
have focused on the prediction of these transitions using different protein models. Among them, elastic 
network models are popular, as they are simple and do not require energy minimization. However, so 
far no systematic study has been undertaken regarding the effect of different parameters in prediction of 
these conformational changes. In this study, 20 proteins with pre-determined conformational changes 
were selected and the success and validation of each elastic network model in predicting the bound state 
were tested. According to the results, the first three modes play the major role in predicting the 
conformational changes. Moreover, choosing the proper cutoff radius is more effective than the 
potential function. Results also show that non-exponential models with 10 angstrom cutoff are more 
accurate in predicting conformational changes, in spite of their simplicity and being less time 
consuming. 
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Fig. 1 conformational change of a receptor from initial to final 
structure due to ligand binding 
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 1      
Table 1 complexes’ names and their pdb ID in initial and 
final structure.   
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1CGI(E:I) 245 1CHG 56 1HPT 

Alpha-
chymotrypsinogen 
/ human 
pancreatic 
secretory trypsin 
inhibitor 

1BVK(DE:F) 116 1BVL(LH) 125 3LZT Antibody Hulys11 
Fv / Lysozyme 

2JEL*(LH:P) 226 2JEL(LH) 85 1POH 

Jel42 Fab 
Fragment / A06 
Phosphotransferas
e 

1DFJ(I:E) 124 2BNH 456 7RSA 
Ribonuclease 
inhibitor / 
Ribonuclease A 

1MLC(AB:E) 218 1MLB(AB) 129 1LZA 
IgG1 D44.1 Fab 
fragment / 
Lysozyme 

1PPE*(E:I) 223 2PTN 29 1PPE(I) Trypsin / CMT-1 

1UDI*(E:I) 244 1UDH 82 1UDI(I) 
Virus Uracil-DNA 
glycosylase / 
inhibitor 

1KXQ (H:A) 496 1KXQ_H 120 1PPI 
camel VHH  / 
Pancreatic alpha-
amylase 

1AY7_A:B 96 1RGH_B 89 1A19_B Barnase/Barstar 

2B42_B:A 185 2DCY_A 385 1T6E_X Xylanase / 
Xylanase inhibitor 

2J7P_A:D 108 1NG1_A 17 2IYL_D 
SRP GTPase / 
Cell division 
protein FtsY 

1E6J_HL:P 96 1E6O_HL 89 1A43 Fab / HIV-1 
capsid protein p24 

1RV6_VW:X 93 1FZV_AB 91 1QSZ_A 

PIGF receptor 
binding domain / 
Flt1 protein 
domain 2 

3SGQ_E:I 185 2QA9_E 56 2OVO_A 

Streptogrisim / 
Ovomucoid 
inhibitor third 
domain    
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Fig. 2-a cartoon representation of RNase A in initial structure  

2 -    

  
Fig. 2-b  RNase A elastic network model with 10 Å cutoff 
radius 
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Table 2 population and  percentage of success for each mode in 
prediction of the conformational change in the protein dataset. 

  
  
  

1- xylanase 
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3      .  
  

Table 3 Overlap coefficient for different elastic network models in the dataset .The number in parenthesis shows the most involved 
mode.                                                                

  

  

F ( r ij0 )  =  1 F ( r ij0 ) =    F ( r ij0 ) =  F ( r ij0 ) = exp ( - )  

10 15 18 10 15 18 10 15 18 3 4 5 }Å{  

   

0.5855 
(1) 

0.3848 
(1) 

0.3709 
(1) 

0.6074 
(1) 

0.3822 
(1) 

0.3742 
(1) 

0.6212 
(1) 

0.3838 
(1) 

0.3781 
(1) 

0.6217 
(1) 

0.666 
(1) 

0.6655 
(1) 

2J7P_receptor 

0.7888 
(1) 

0.6062 
(2) 

0.5444 
(2) 

0.7917 
(1) 

0.6181 
(2) 

0.5635  
(2) 

0.7939 
(1) 

0.6273 
(2) 

0.5807 
(2) 

0.7834 
(1) 

0.8052 
(1) 

0.8087 
(1) 

2B42_receptor 

0.6464 
(3) 

0.5044 
(2) 

0.4555 
(2) 

0.6432 
(3) 

0.4876 
(2) 

0.5128  
(2) 

0.2244 
(2) 

0.4769 
(2) 

0.4768 
(2) 

0.5453 
(3) 

0.6545 
(3) 

0.5178 
(2) 

1AY7_receptor 

0.2377 
(2) 

0.3146 
(2) 

0.2597 
(2) 

0.2332 
(2) 

0.3278 
(2) 

0.2883 
(2) 

0.2300 
(2) 

0.3337 
(2) 

0.3111 
(2) 

0.2087 
(1) 

0.2925 
(2) 

0.3246 
(2) 

1AY7_ligand 

0.4652 
(3) 

0.3259 
(2) 

0.2915 
(2) 

0.4641 
(3) 

0.3354 
(2) 

0.3304 
(2) 

0.4606 
(3) 

0.3501 
(3) 

0.3332 
(2) 

0.4142 
(1) 

0.4502 
(4) 

0.4548 
(4) 

1RV6_ligand 

0.5531 
(1) 

0.2996 
(2) 

0.3013 
(2) 

0.5516 
(1) 

0.3527 
(2) 

0.3005 
(2) 

0.5432 
(1) 

0.3489 
(2) 

0.3085 
(2) 

0.4843 
(1) 

0.4176 
(1) 

0.4514 
(8) 

3SGQ_ligand 

0.506 
(1) 

0.5003 
(1) 

0.4697 
(2) 

0.4745 
(2) 

0.4651 
(1) 

0.4776 
(2) 

0.5286 
(2) 

0.4768 
(2) 

0.4781 
(2) 

0.7034 
(1) 

0.6855 
(1) 

0.6753 
(1) 

2E6J_receptor 

0.4681 
(1) 

0.461 
(1) 

0.4661 
(1) 

0.4635 
(1) 

0.4643 
(1) 

0.4699 
(1) 

0.4575 
(1) 

0.4673 
(1) 

0.4728 
(1) 

0.3814 
(1) 

0.4338 
(1) 

0.4660 
(1) 

1BVK_receptor 

0.2707 
(3) 

0.3134 
(3) 

0.2749 
(3) 

0.294 
(3) 

0.3207 
(3) 

0.3118 
(3) 

0.3101 
(3) 

0.3223 
(3) 

0.3267 
(3) 

0.3235 
(6) 

0.3531 
(3) 

0.3481 
(3) 

1BVK_ligand 

0.3349 
(2) 

0.4598 
(1) 

0.4463 
(1) 

0.2574 
(3) 

0.4703 
(1) 

0.4512 
(1) 

0.2649 
(3) 

0.4824 
(1) 

0.4581 
(1) 

0.3621 
(1) 

0.3803 
(2) 

0.4323 
(1) 

1CGI_receptor 

0.1454 
(2) 

0.1418 
(1) 

0.1525 
(1) 

0.149 
(2) 

0.1463 
(1) 

0.1538 
(1) 

0.1476 
(2) 

0.1482 
(1) 

0.1545 
(1) 

0.1460 
(3) 

0.1396 
(3) 

0.1098 
(1) 

1CGI_ligand 

0.3366 
(1) 

0.301 
(2) 

0.3319 
(2) 

0.3526 
(1) 

0.3449 
(2) 

0.3267 
(2) 

0.364 
(1) 

0.3224 
(2) 

0.3242 
(2) 

0.3877 
(9) 

0.5116 
(10) 

0.4831 
(10) 

1DFJ_receptor 

0.7967 
(1) 

0.8143 
(1) 

0.8199 
(1) 

0.795 
(1) 

0.8129  
(1) 

0.8163 
(1) 

0.7962 
(1) 

0.8139 
(1) 

0.8183  
(1) 

0.8015 
(1) 

0.7942 
(1) 

0.8012 
(1) 1DFJ_ligand 

0.4382 
(1) 

0.4394 
(1) 

0.4503 
(1) 

0.4369 
(1) 

0.4393 
(1) 

0.4489 
(1) 

0.4361 
(1) 

0.4388 
(1) 

0.4469 
(1) 

0.4650 
(1) 
 

0.4442 
(1) 
 

0.4339 
(1) 
 

1MLC_receptor 

0.2986 
(1) 

0.1709 
(1) 

0.2629  
(3) 

0.3036 
(3) 

0.2062 
(3) 

0.2799 
(3) 

0.3067 
(3) 

0.269 
(3) 

0.2861 
(3) 

0.3614 
(9) 

0.3132 
(3) 

0.2859 
(3) 1MLC_ligand 

0.5866 
(1) 

0.5879 
(1) 

0.5998 
(1) 

0.5874 
(1) 

0.5901 
(1) 

0.6038 
(1) 

0.5918 
(1) 

0.5937 
(1) 

0.6067 
(1) 

0.4100 
(3) 

0.5852 
(1) 

0.6034 
(1) 1PPE_receptor 

0.4857 
(4) 

0.4132 
(1) 

0.4249 
(1) 

0.5003 
(4) 

0.5062 
(4) 

0.4774 
(1) 

0.4634 
(4) 

0.5332 
(4) 

0.4904 
(4) 

0.4954 
(5) 

0.4494 
(1) 

0.4295 
(1) 1PPE_ligand 

0.4075 
(1) 

0.4324 
(1) 

0.4116 
(2) 

0.4054 
(2) 

0.4258 
(1) 

0.4335 
(1) 

0.4021 
(1) 

0.424 
(1) 

0.4268 
(1) 

0.3635 
(1) 

0.3828 
(1) 

0.4049 
(1) 

1KXQ_receptor 

0.163 
(1) 

0.1788 
(2) 

0.1627 
(2) 

0.3554 
(6) 

0.2927 
(8) 

0.1891 
(2) 

0.3736 
(6) 

0.2596 
(8) 

0.3519 
(10) 

0.395 
(1) 

0.273 
(7) 

0.448 
(9) 

2JEL_ligand 

0.3599 
(1) 

0.3309 
(3) 

0.2406 
(3) 

0.3361 
(1) 

0.366 
(2) 

0.3081 
(2) 

0.3082 
(1) 

0.3566 
(2) 

0.353 
(2) 

0.3259 
(1) 

0.3481 
(2) 

0.3275 
(2) 

1UDI_ligand 
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Fig.  3-a conformational change’s direction observed from 
experiments in Xylanase. Xylanase in initial state is shown in 
black and in bound state in gray. This protein changes from 
initial to final state with a small angle.                                          

3-   .
    

  
  

  
Fig.  3-b  conformational  changes  predicted  by  NMA of  ENM 
with 10Å cutoff radius in its first mode  

3 -      
1 10 .  

  

  
Fig. 4 Unit displacement vector of Xylanas. Thin line with markers shows crystallographic data. Dash line represents the ENM 
with constant stiffness and 10 Å cutoff radius and the thick line shows the exponential ENM with scaling factor 5  
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Fig.  5-a  conformational change’s direction observed from 
experiments in RNase A. RNase A is  shown in black in initial 
state and in gray for the final state. This protein changes from 
initial to final state in the present of RI. 

5 -  .

 
  

  

Fig. 5-b represents conformational changes predicted by NMA 
of ENM with 10 Å cutoff radius for  its first mode  

5 - 
1 10   

  

  

Fig. 6 unit displacement vector for Ribonuclease A. thin line with markers represents experimental crystallographic data. Dash 
line represents the constant stiffness model with 10  Å cutoff and thick line shows the exponential model with scaling factor 5.  
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Fig. 7 average RMSD for the best predicted structure with 
bound structure with respect to number of modes considered 
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