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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

S8 a4 Jlasl 31 o oles 4 adgl )il 5o 1S g lisle ol i 1SSl

e O ofles @Al 4 e g end (Ko Send o IS5
gl sla\lislo Slaslie 4 vguom (58U il Oladod 04l o
Slgl S8 Yl GBS pgd 5l g 00g Sheo sla Lislo 5l golass 9 oy
Slpets adlllae Sz Slewlne sla by, 5l oslinnl g)cnl 5l sl o
ol 438 518 Glofag axgi 090 (5 LSl

szl <S> Gog e sl Sl 0 4y S 4SS
Sy gl a5 onl S ol R 8l by
[7,6] sl o

350 5l DS o aisS cnl (i Sz Slelre slagis alox
Al ¢ iy (5550 sl (s3luaneS 5 (e SIUT ol sl Lo s
5 (lopl Slaisie 4 Coas ey (55500 po0 3te) Zorte il
Gl Sonl sz bt ez 51 Sla il B g Waoge (8L Ll
P2 o 1) lointis n o bl Sl b Sllasil pgsay ol 0B s,
O doz jl a8 13 s blE (gl)ls S sl K005 4 JLail
5 il G P Sl (Saezn Jdo 4 ol 0w poles & Ol
Sor sy o egaz ol (nlogei o)Ll (655 (gilwares anl b
(on) pogde o3l oo e b g oaly iolidl Galia 1) Gliwlre 4
adgl 3l jo 09yl wiz glogel ol Jds 4 (555 (55luaies
ot 5 S8 Jell a4 e de Bl Sl 5 L oud svmline
8] Sgl g0 LS > >

ol b ool Som oy K iRl b sl S
&5 0 oglae o> U1y Jloy oge ;BT O sl atslys 2S00l
ol o aS ol & [9] ey lhwy ol &l Jow sl o5l
G gl G oalols jo a5 Wl cas e o (See eole Sl
Jho o s 5 oBLST .ol oo ai8,5 a5 jo iyl 1,3 jasin
s ol oS W lagsl (235 5l 0 LIy Jaw ples 2001
=bo )l as gl abie slo Jow pdize J10] wlesges (gjluasls
SalS Ly Jae s Ll gz o gl o a5 wisged )
ohles 5 5les walex 5 [1211] el a3 8 & 590 Slaslro anje
SlSed Sygon |y (ptign ool wsged slprin 1) 2dlS elosl Jae
35 olost Lot S0aSy & Saigals Juiliy b o o Ll §

29780 Hle g 00,5 anglie coil pled Jow L1y ol e g a3, (L

1- normal mode analysis
2- Hessian matrix

82


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.38.1
https://mme.modares.ac.ir/article-15-11184-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25]

[ DOR: 20.1001.1.10275940.1395.16.1.38.1 ]

303 aew L) 9 wgh s3eal (g pun

L a9 39 SIUB LW sl puass (Fas i ) (selxi)l Al sl (520))

v AN | & - ’)
- f L R - A - 5 k
< S 'A /';" i " o 'a >
Y = S e L >
s & 7 . a2
P W2 4 i
. & ¥
~ ’l"} AT
/ - |
= \ -"1
> ' - Ny
';" ) ' o & ) ' p
- - . ‘ 0 /,f' //’ \/ ‘i
_}"_' ¥ Py, f’; W Nhe S \ o 54 T \’,‘& 2
D) 7 1 o PN P
/N ! ) Ad Y K/ .‘(':l:
~ o C N P \1'1 W 2 A ha . \> - )
\ b5 ,. A : N 6 A’ g\l \"4\-7
Ak X A RITERDE
._?‘_\’/ =g -~ B\ ? !f‘
' O

/ > )
Fig. 2-a cartoon representation of RNase A in initial structure
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Fig. 2-b RNase A elastic network model with 10 A cutoff
radius
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Table 1 complexes’ names and their pdb ID in initial and
final structure.
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Ribonuclease
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Ribonuclease A

1gG1 D44.1 Fab
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1BVK(DE:F) 116 1BVL(LH) 125 3LZT
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Fltl protein
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Table 2 population and percentage of success for each mode in
prediction of the conformational change in the protein dataset.
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Table 3 Overlap coefficient for different elastic network models in the dataset .The number in parenthesis shows the most involved

mode.
F(ry) =1 F(ri)= - F(ri¥)=— F(rijo)=eXp(':_2 e el
10 15 18 10 15 18 10 15 18 3 4 5 (A} o glus
eiSgp el

05855 0.3848 0.3709 0.6074 0.3822 0.3742 06212 0.3838 0.3781 0.6217 0.666  0.6655 2J7P_receptor
(1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (1)

0.7888 0.6062 05444 0.7917 06181 0.5635 07939 0.6273 0.5807 0.7834 0.8052  0.8087 2B42_receptor
(1) (2) 2) (1) (2) 2) (1) 2 (2) (1) (1) (1)

0.6464 0.5044 0.4555 0.6432 0.4876 05128 0.2244 0.4769 0.4768 0.5453 0.6545 0.5178 1AY7_receptor
(3) 2) 2) (3) (2) 2 (2) 2 (2) (3) (3) (2)

0.2377 0.3146 0.2597 0.2332 0.3278 0.2883 0.2300 0.3337 0.3111 0.2087 0.2925 0.3246 1AY7_ligand
2) 2) 2 2) 2) 2 (2) 2 (2) (1) (2) (2)

04652 0.3259 0.2915 04641 03354 0.3304 0.4606 0.3501 0.3332 0.4142 0.4502 0.4548 1RV6_ligand
(3) 2) 2 (3) 2) 2 (3) (3) 2) (1) (4) (4)

05531 0.2996 0.3013 0.5516 0.3527 0.3005 05432 0.3489 0.3085 0.4843 0.4176 0.4514 3SGQ_ligand
(1) 2) 2 (1) 2) 2) 1) 2 2) (1) 1) (8)

0.506  0.5003 0.4697 0.4745 04651 0.4776 05286 0.4768 0.4781 0.7034 0.6855 0.6753 2E6J_receptor
1) (1) 2) 2) (1) 2) (2) 2 2) (1) (1) 1)

04681 0.461 0.4661 04635 0.4643 04699 04575 0.4673 0.4728 0.3814 0.4338 0.4660 1BVK _receptor
1) (1) 1) 1) (1) 1) (1) (1) 1) (1) (1) (1)

0.2707 0.3134 0.2749 0.294 0.3207 0.3118 0.3101 0.3223 0.3267 0.3235 0.3531 0.3481 1BVK_ligand
(3) (3) (3) (3) (3) (3) (3) (3) (3) (6) (3) (3)

0.3349 0.4598 0.4463 0.2574 0.4703 0.4512 0.2649 0.4824 04581 0.3621 0.3803  0.4323 1CGI_receptor
2) 1) (1) (3) (1) (1) (3) (1) (1) (1) (2) (1)

0.1454 0.1418 0.1525 0.149 0.1463 0.1538 0.1476 0.1482 0.1545 0.1460 0.1396 0.1098 1CGI_ligand
(2) (1) (1) (2) (1) 1) 2) (1) (1) (3) (3) (1)

0.3366 0.301 0.3319 0.3526 0.3449 0.3267 0.364  0.3224 0.3242 0.3877 0.5116 0.4831 1DFJ_receptor
(1) 2) 2 1) 2 2 (1) 2 (2) 9) (10) (10)

0.7967 0.8143 0.8199 0795 0.8129 0.8163 07962 0.8139 0.8183 0.8015 0.7942 0.8012 1DFJ_ligand
1) 1) (1) (1) (1) 1) (1) 1) 1) (1) 1) (1) -

0.4382 0.4394 0.4503 0.4369 0.4393 0.4489 0.4361 0.4388 0.4469 0'?16)50 0'?{‘)42 0"(‘13)39 IMLC._ receptor
(1) (1) 1) 1) (1) (1) 1) (1) (1) -

02986 0.1709 0.2629 0.3036 0.2062 0.2799 0.3067 0.269 0.2861 0.3614 0.3132  0.2859 IMLC._ligand
1) (1) (3) (3) (3) (3) (3) (3) (3) 9) (3) (3) -

05866 0.5879 05998 0.5874 05901 0.6038 05918 05937 0.6067 0.4100 0.5852 0.6034 1PPE. receptor
1) (1) (1) (1) 1) (1) (1) (1) (1) (3) (1) 1) -

0.4857 0.4132 0.4249 05003 05062 0.4774 0.4634 05332 0.4904 0.4954 0.4494  0.4295 1PPE_ligand
(4) (1) (1) (4) (4) (1) (4) (4) (4) (5) 1) 1) -

0.4075 0.4324 04116 04054 0.4258 0.4335 04021 0424 04268 0.3635 0.3828  0.4049 1KXQ_receptor
(1) (1) (2) (2) (1) (1) (1) (1) 1) 1) (1) (1)

0.163 0.1788 0.1627 0.3554 0.2927 0.1891 03736 02596 0.3519 0.395 0.273  0.448 2JEL _ligand
(1) (2) (2) (6) (8) (2) (6) (8) (10) 1) (7) 9)

03599 03309 02406 03361 0366 03081 03082 03566 0353 03259 03481 0.3275 1UDI_ligand
(1) (3) (3) (1) 2) 2 (1) (2) (2) (1) 2) (2)

0.4437 0.3990 0.3868 0.4501 0.4177 0.4058 0.4312 0.4214 0.4191 0.4489 0.4690 0.4735 Silo
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Fig. 3-b conformational changes predicted by NMA of ENM
with 10A cutoff radius in its first mode
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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.
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with constant stiffness and 10 A cutoff radius and the thick line shows the exponential ENM with scaling factor 5
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Fig. 5-b represents conformational changes predicted by NMA
of ENM with 10 A cutoff radius for its first mode
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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.

T M g, 50 228 lo odls 5l Jol> g ksl &l sy cam> WFD S
5 Oodsy Syse 4 ol Sl o g 0 Sse 4 adgl clle o0 T My g
3Ll @ ans Sl 5l PISe g,y 00S Hles jea> 10 Lastin 5 00305 oy

—e— Experimental

- — - Const_cutoff 18 &1(

Exp_scaling factor_5 > ‘l

1 31 61 91 121 151 181

211 241 271 301 331 361 391 421 451

Residue number

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 A cutoff and thick line shows the exponential model with scaling factor 5.
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