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ABSTRACT

Protein dynamics play an important role in molecular recognition
and catalysis. Each protein structure has unique dynamics encoded
by its primary sequence. The collective intrinsic dynamics of a
protein, which is defined by its overall architecture, is important in
promoting a pre-organized active site conformation that is conducive
to molecular recognition and effective catalysis. In an attempt to
classify proteins based on their intrinsic dynamics, we are
investigating the intrinsic dynamics of enzymes involved in primary
metabolic pathways. We have employed Normal Mode Analysis to
investigate the intrinsic dynamics of twelve enzymes, six species for
each of them. Preliminary studies showed that each enzyme family
exhibits unique patterns of motions that are conserved across
multiple species. Completion of this study is expected to produce a
catalog of characteristic dynamics that could be used for functional
classification of proteins, which is expected to be more efficient than
traditional sequence/structure-based classification.

BACKGROUND

- Proteins are intrinsically dynamic in nature.

- Each protein structure has unique dynamics encoded by its
primary sequence.

- Several studies suggested that protein dynamics play key roles in
molecular recognition and catalysis (1).

- It has been proposed that the connection between protein
structure and function actually lies in its dynamics (2).

- To better understand the biological function of a protein, it is
essential to have an understanding of its three-dimensional
structure, as well as its intrinsic dynamics.

OBJECTIVES

Investigate the intrinsic dynamics of enzymes involved in metabolic
pathways and analyze the correlation between structure, dynamics,
and function. With the compiled data, develop a framework for
classification and functional identification of proteins based on their
intrinsic dynamics.

METHODS

- Selection of proteins involved in common metabolic pathways
and their atomic coordinates from Protein Data Bank (3).

- Identification of homologous proteins and determination of %
sequence similarity and % sequence identity using BLAST (4).

- Multiple-sequence alignment using Clustal Omega (5).

- Determination of structural similarity using DALI (6).

- Normal mode analysis using WEBnm@ (7). The low frequency
normal modes are calculated using the coarse-grained elastic
network model.

- Normal mode single analysis using WEBnm@ to obtain dynamic
cross-correlation matrices (DCCMs).

- Comparison of protein dynamics within families via normal mode
comparative analysis to obtain Bhattacharyya Coefficients (8).

- Visualization of protein structure and the direction of motions
using VMD (9).
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Proteins Species Number of  Sequence Sequence Structural ~Dynamic
i (N)  Amino Acids Identity ~Similarity Similarity ~Similarity
Alkaline Phosphatase 6 478 + 30 36+12  48+13  22+08 0.80+0.05
Amine Oxidase 5 705 + 60 24+4 45+3  26+0.6 0.73£0.05
Arginase 6(1)*  306£15 4148 62+9 1.5£04 0.78=0.08
Citrate Synthase 6 422+ 13 45+14  62+12  24+04 081=0.04
Enolase 6 434+2 58+7 74+5 1.3£0.3 0.89+0.03
Fumarase 6 479+ 12 56+5 69+6 1.6+04 0.87=0.02
Hexokinase 6 468+ 15 42+14 6012  3.0=1.0 0.82=0.04
Malate 6 31112 316  S51+8 25+07 082003
Dehydrogenase
Methionine 6 39911 6111  74+8  13+03 0.86=0.02
Adenosyltransferase
Phosphoglycerate 5 39344 5148 6846 25412 0894002
Kinase
Pyruvate Kinase 6 531+15 56+21 70+ 15 1.9+0.7 0.87+0.03
Triose Phosphate ¢ 25145 5913 6747 0.98+0.24 0.88+0.03
Isomerase
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CONCLUSIONS

- Intrinsic dynamics of proteins are maintained across species.

- Strong correlation between sequence identity and dynamic
similarity suggested that a protein’s primary sequence dictates
its dynamics.

- Accurate identification of test proteins was possible using the
developed catalog of DCCMs.
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