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Protein loops and functional
heterogeneity

* Role of loops in proteins:

* Confer activity
Assist intramolecular docking
Help in sighal computation
Confer flexibility
e Act as docking sites
* Act as binding pockets

Feller, S. M., & Lewitzky, M. (2012). Cell
Communication and Signaling : CCS, 10(1), 31.
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Protein dynamics and evolution

* Dynamics and backbone flexibility in homologous proteins is conserved.

 Slowest normal modes (account for extensive motions) appear to be highly
conserved and more robust to sequence mutations.

A) Local flexibility reflects  B) Global dynamics reflect C) Assembly reflects quaternary
evolutionary rate evolutionary variance structure evolution
Conformational Evolution Assembly Evolution
fluctuations
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Marsh, J. A., & Teichmann, S. A. (2014).
BioEssays, 36(2), 209-218.



Elementary functional loops

The focus of this study

Multidomain protein

Catalytic residue within the e\ ) e
elementary functional loop ) P [/ / Pt
= ; h ~ : ] X <
R ;:\ ‘ /) — \3 oA\ ) —- ’ \
i iy _
Catalytic residue Active site in a protein domain Protein complex

>

Complexity of protein function and regulation

Goncearenco & Berezovsky (2015) Physical Biol 12(4): 045002
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Origin of the genetic code



Protein flexibility and evolution

e Coevolution of tRNA and
aminoacyl tRNA Synthetase
domains

* Genetic code provided ancestral
proteins with flexible unordered
regions to assist optimization of
function.

* Flexibility is a manifestation of
evolutionary preference for
faster folding speeds (Debes, et
al., 2013).

Caetano-Anollés, G., Wang, M., & Caetano-Anollés, D.
(2013). PloS One, 8(8), e72225.
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Experimental Overview

e 87 ArchDB Classifications
e 116 GO Molecular Functions
e 18 SCOP Fold Families

* 10 ns NPT production runs in
NAMD 2.9 with CHARMM36

* Analyses:
* Global: RMSD & Radius of Gyration

* Local: RMSF, PCA, DCCM, Network
Analyses

Molecular Functions by Superkingdoms




The global picture

20-

e ®
°
e e e 9 %
o lie
°
°
S ©
e® o ® oo °
® o
e o eomo o
° © CIDRUDE® @ DO o
S % © =
~— o o o
ASIY Uelpsiy
® o ®
°
° )
= ® ° ®
°
®
® ®
e o °
° ® w@eo o °
@
® ® e o0 o
® © 00 © 0000ED © GDO OO ® O ®
© ~ @

cm.:miw JO snipey cm_um‘|§

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

1.0

0.9

0.8

0.7

0.6

nd



Residue No.
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Phenyl tRNA Synthetase
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G0:0000049 tRNA binding
G0:0000287 magnesium ion binding
G0:0004826 phenylalanine-tRNA ligase activity




Modularity
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Metabolic networks



Metaconsensus enzymes
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Goldman,

A. D., Baross, J. a, & Samudrala,

UNIVERSAL SEQUENCES

KEGG DATABASE
231 EC groups

UNIVERSAL STRUCTURES
155 EC groups
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12 EC groups

2

UNIVERSAL REACTIONS
53 EC groups

R. (2012). PloS One, 7(9), €39912.
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Preliminary work
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Conclusion & future directions

* Help improve homology-based protein structure predictions (Marsh
Teichmann, 2014)

* Prediction of structural dynamics if no high-sequence similarity
structures available

* Applications in protein design and engineering, synthetic biology and
translational medicine (Wilke, 2012).

e Future directions:
e Use of Machine Learning Classifiers
e REMD Simulations
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