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Mass migration of Animals/ birds/ insects 



Functional Aspects of Humming Bird feeding: 

 
• Vision 
• Nectar drawing 
• Flight modulation 





Chilukoti, Kumar and Mande, J. Bacteriol., 2016 

Conformational transitions 
in GroEL 



Scale of Biological Motions 



Protein Structures: 
Beyond pretty pictures 



Need to account for dynamic behaviour of 
proteins: computational approaches 



Dynamics of ligand binding to heme proteins  
D. A. Case and M. Karplus 
J Mol Biol (1979) 132, 343- 368 



A single structure of a protein implies an all-or-nothing folding funnel, perhaps best 
described with the mathematic singularity shown on the right. The folding funnels on 
the left and in the center demonstrate the conformational flexibility of a “standard” 
flexible protein and a rigid protein, respectively. Although the rigid system may be 
described adequately by a single structure (depending on the degree of rigidity as 
reflected by the narrowness of the funnel), a typical system is not.  

From Carlson and McCammon, Mol. Pharmacol., 2000 



Harmonic approximation 
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Elastic Network Model 



NMA 

U(r) =0.5 (r − Rmin)’ · K(Rmin) · (r − Rmin) 



NMA 

Normal mode direction 1 

U(r) =0.5 (r − Rmin)’ · K(Rmin) · (r − Rmin) 



NMA 

-e2 

Normal mode direction 2 

U(r) =0.5 (r − Rmin)’ · K(Rmin) · (r − Rmin) 



Properties of NMA 

• The eigenvalues describe the 
energetic cost of displacing the 
system by one length unit 
along the eigenvectors. 

• For a given amount of energy, 
the molecule can move more 
along the low frequency 
normal modes 

• The first six eigenvalues are 0, 
corresponding to rigid body 
movements of the protein 

 



Need to account for dynamic behaviour of 
proteins: crystallographic approaches 



B = 8 π2 <u2> 
Thermal fluctuations in proteins: 
B-factor 

A typical B-factor represents isotropic movement of an atom around its mean position 



Molecules are in motion, even when they 

are packed 

 In a crystal lattice, even though the molecules have 

restricted motions due to packing effects, they still show 

considerable flexibility similar to that in a solution. 
 

 This flexibility is defined by Atomic Displacement 

Parameters (ADPs).  
 

 Anisotropic refinement of ADPs gives both magnitude as 

well as direction of the atomic flexibility. 
 

 ADPs Can be visualized as Thermal ellipsoids. 



 Thus, diffraction data can be used to decipher the 

dynamics within a macromolecule, providing biologically 

relevant information. 
 

 However, individual ADPs can be attributed to a model 

only in case of a high-resolution data (better than 1.2 Å). 
 

 For low resolution data collective contribution of a group of 

atoms (rigid domains) can be used to deduce the 

dynamical behavior of a molecule.    



Dynamics information from diffuse scattering 



Liquid like movements in crystalline insulin 
Caspar, Clarage, Salunke and Clarage 
Nature (1988) 332, 669-662. 

Long range and short range couplings of molecular 
motions in crystallographic lattice 

Very diffuse: variations in atomic positions locally correlated in molecule 
 
Liquid-like: water and Compton scattering 
 
Haloes around Bragg peaks: Coupled displacements of neighbouring molecules in the lattice 
 
  





Hierarchy of contributions to atomic displacement 
parameters and possible ways to model these 
contributions 

TLS from fundamentals to practice 
Alexandre Urzhumtsev, Pavel V. Afonine and Paul D. Adams 
Crystallogr Rev. 2013 Jul 1; 19(4): 230–270 



General displacement of an atom 

(position r w.r.t. origin O) in rigid 

body: 

u = t + D.r 

For small libration λ, 

u ≈ t + λ × r 



Libration 

 Derived from the Latin 

verb “Librare” meaning “to 

balance, to sway”. 

 Rotation/oscillation of a 

rigid body 

 In crystals, molecules 

undergo libration motions 

within confinements of 

certain preferred 

orientations due to 

neighboring molecules.  
 

 

A diatomic molecule 

Undergoing libration 



Libration around a bond 

a. Oscillation about the fixed C
α
-C

β
 bond (Rotation axis), leading to translation of N

ε
-C

ζ 

bond. 

b. Rotation about C
β
-C

γ
 bond changes orientation of N

ε
-C

ζ
, leading to conformations A 

and D. 

 Adapted from Urzhumtsev and Adams, Crystallogr. 

Rev., 2013 



Predicting X-ray diffuse scattering from translation–libration–screw 
structural ensembles 
Andrew H. Van Benschoten, Pavel V. Afonine, Thomas C. Terwilliger, 
Michael E. Wall, Colin J. Jackson, Nicholas K. Sauter, Paul D. Adams, 
Alexandre Urzhumtsev, and James S. Fraser 
Acta Crystallogr D Biol Crystallogr. 2015 Aug 1; 71(Pt 8): 1657–1667. 

TLS refinement suggests 
macromolecular motions linked 
to function. (a) Top and side 
view of GroEL. Each color 
denotes a unique chain. (b) TLS 
refinement of GroEL subunits 
reveals a ‘tilting’ motion around 
the center of the subunit. (c) 
GpdQ diffraction image 
showing significant diffuse 
scattering features. (d) 
Refinement of GpdQ fails to 
produce substantial changes in 
R work and R free values between 
alternate TLS groups. TLS 
refinement significantly 
improves the overall R free 
(23.1% pre-TLS). 

Can crystallographic refinement capture biologically 
relevant motions? 



Structure of M. tuberculosis Thioredoxin reductase 

Akif et al., Acta Cryst D, 2005 



Principal axes of libration tensor 

Analysis of B-factors 

Static or dynamic disorder? 



Flexibility of  domains analyzed by NMA  



Normal Mode 8 represents conformational change between FO and FR 



Mechanism of RNR 



Data refinement statistics 1PEM_post_TLS 1PEM 

Resolution range (A) 19.96  - 2.993 (3.1  - 2.993) 19.96  - 2.99 (3.1  - 2.993) 

Space group P 43 21 2 P 43 21 2 

Unique reflections 29951 (2904) 29951 (2904) 

Completeness (%) 99.86 (99.05) 99.86 (99.05) 

Wilson B-factor 66.61 66.61 

R-work 0.1588 (0.2347) 0.2180 (0.2763) 

R-free 0.2052 (0.3064) 0.2430 (0.3696) 

RMS(bonds) 0.007 0.015 

RMS(angles) 1.08 1.89 

Ramachandran outliers (%) 0.59 1.2 

Clashscore 4.45 16.24 

Average B-factor 64.60 57.50 

Ribonucleotide Reductase Protein R1E from Salmonella typhimurium 

 

Structure of the large subunit of class Ib ribonucleotide reductase from 

Salmonella typhimurium and its complexes with allosteric effectors.  

Uppsten, M., Farnegardh, M., Jordan, A., Eliasson, R., Eklund, H., Uhlin, U.  

(2003) J.Mol.Biol. 330: 87-97  



The eigen values of the 

Libration tensor 

represent the magnitude 

of the rotation of the 

rigid body around the 

orthogonal axes 

Ribonucleotide Reductase Protein R1E from Salmonella typhimurium 

 



Class PDB ID Organism Oligomeric 

status 

Resolution 

(Å) 

Space 

Group 

*Dimer  

Interface 

Surface Area 

(Å2) 

**Surface 

Area (Å2) 

>500 Å2 

Ligands 

Ia 

1R1R E. coli A6B6 3 

H 3 2 

1185.1 853.1, 532.4 None 

2R1R E. coli A2 3 1324.2 634.2, 501.1 dTTP 

3R1R E. coli A2 3 1428.4 628.1, 539.7 AMP-PNP 

4R1R E. coli A2 3.2 1366.5 872.9, 562.6 GDP, dTTP 

5CNS E. coli A4B4 2.98 C 1 2 1 1596.7 - dATP, CDP  

Ib 

1PEM S. typhimurium E 2.99 

P 4
3
 2

1
 2 

1407 858.3 None 

1PEO S. typhimurium E 3 1407.7 885.1 dCTP 

1PEQ S. typhimurium E 2.8 1216.4 1189.5 TTP 

1PEU S.typhimurium E 3.2 1481.3 1181.5 dATP 

2BQ1 S. typhimurium E2F2 4 P 4
1
 3 2 1166.7 779.5 None 

Starting structures used for TLS refinement 

*Biologically relevant dimer surface area 

**Crystal contacts that do not make the dimer. Values >500 Å2 have been shown here  

 



TLS groups 

1PEM 

Class 

Ib 

Gr. 1 

(13-

180) 

Gr. 2 

(181-

342) 

4R1R 

Class 

Ia 

Gr. 1 

(5-

223) 

Gr. 2 

(224-

390) 

Gr. 3 

(391-

736) 

Gr. 3 

(343-

699) 



PDB ID TLS groups Resolution 

range 

R/ R
free

 3 groups 

 

2 groups 

(gr. 1,3 merged) 

Initial Final Final 

1R1R 1 (4-227) , 2 (228-390)  

3 (391-737) 

20.0-2.9 0.26/0.27 0.14/0.19 0.14/0.19 

2R1R 

1 (5-223), 2 (224-390) 

3 (391-736) 

20.0-3.02 0.26/0.26 0.20/0.24 0.20/0.24 

3R1R 39.7-2.99 

 

0.28/0.30 

 

0.18/0.25 

 

0.18/0.25 

 

4R1R 64.67-3.01 

 

0.30/0.32 

 

0.19/0.25 

 

0.19/0.25 

 

5CNS 143.9-2.97 0.24/0.25 0.16/0.22 0.16/0.22 

 

1PEM 

1 (13-180), 2 (181-

342) 

3 (343-699) 

19.96-2.99 0.24/0.27 0.16/0.22 0.16/0.22 

1PEO 39.69-3.0 0.24/0.27 0.17/ 0.22 0.17/0.22 

1PEQ 39.75-2.8 0.25/0.28 0.18/0.23 0.18/0.23 

1PEU 42.36-3.2 0.24/0.28 0.16/0.22 0.16/0.22 

2BQ1 39.86-3.99 0.27/0.32 0.22/0.29 0.22/0.29 

R/Rfree after TLS refinement of large subunit of Class Ia and Ib RNR 

structures when partitioned into 3 groups and after merging groups 1 & 3. 
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Normal 
modes 

TLS 
refinement 
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