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• Molecular Simulation

• Structure prediction

• 2nd structure prediction; 3D structure 
prediction; Protein complex prediction

• Protein binding sites prediction

• Protein - ligand prediction; protein-proetin 

• Novel protein structure



From protein structure 
to active protein
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The distribution of amino acid types

active-site amino acids
all amino acids

Catalytic Site Atlas 2.2.10



5

� 

Bi = (8π 2 / 3) δxi ⋅δxi

Larger fluctuation

Smaller fluctuation

B-factors

Text

JACS (2009) 140: 13696, Testing Geometrical 
Discrimination within an Enzyme Active Site:
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Molecular Simulation



Simulation of water drop in a hydrophobic surface

Villin Folding



Molecular simulation of 
biological systems

• BIOLOGY

• Computer science

• Physics

• Chemistry

• Statistics

• …
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Empirical force field

Levitt. Nature Struct Biol (2001), 8, 392
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Molecular Dynamics
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Satellite Tobacco Mosaic Virus

Simulation of protein dynamics



Aquaporin

Knotted Proteins



Different types of knots
KnotPlot

38Nature (2005) 438, 324
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A trefoil knot

PyMOL
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To find knots by a smoothing algorithm

Ubiquitin Hydrolase
1XD3:A

A 52 knot

1
2

3 4

5

PyMol: show animation

40Lai et al. NAR, 2007; Taylor Nature (2000)

Smooth the protein backbone



41Lai et al. NAR, 2007; Taylor Nature (2000)

Smooth the protein backbone

A figure-8 knot

1zt

A trefoil 
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pKNOT: The Protein KNOT Server 

http://pknot.life.nctu.edu.tw/
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Only 3 types of knot are found in PDB

The trefoil knot The figure-8 knot The 52 knot
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A. The trefoil knot (349)
1. methyltransferase (51)
2. transcarbamylase (20)
3. methionine adenosyltransferase (26)
4. carbonic anhydrase
5. YMPa superantigen (NMR)

B. The figure-8 knot
1. ketol-acid reductoisomerase 
2. the chromophore binding domain of bacterial 

phytochrome
3. the core protein of bluetongue virus
4.  a LIM-ldbl-LID chimeric protein (NMR)

C. The 52 knot
1. ubiqutine c-terminal hydrolase

Families of the Knotted proteins
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The 51 knot The 52 knot

 

Interestingly, there are 2 types of  knots with 5 
crossings --  51 and 52, but only  52 is found in protein

KnotPlot: to review the knots


