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Classical topological objects

MODbius Strips (1858) Klein Bottle (1882) Sphere

Torus Double Torus Trefoil Knot



Topological invariants: Betti numbers

b, Is the number of connected components.
b, is the number of tunnels or circles.
b,1s the number of cavities or voids.
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Topological invariants: Euler characteristic

c=V-E+F-C=q/(-

666--@

Vertices (V) 4 4 4

Edges (£) 6 6 6 12 12 12
Faces (F) 0 4 4 0 6 6
Cells (C) 0 0 1 0 0 1
Betti-0 (53,) 1 1 1 1 1 1
Betti-1 (3,) 3 0 0] 5 0 0
Betti-2 (4,) 0 1 0] 0] 1 0
Euler-C.( Y) -2 2 1 -4 2 1



Network topology
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Astrocyte
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Topology in nano  -bio systems

Hierarchical Self-assembly Of DNA Into Symmetric
Supramolecular Polyhedra

Tetrahedron

Loop: 5 bases
DNA: 75 nM
3 \> S

/ Dodecahedron
4 Loop: 3 bases

DNA: 50 nM

Buckyball
, Loop: 3 bases
W\ DNA: 500 nM |

(Zhang et al., Nature, 452, 198 (2008) )



Liposome

Micelle

Bilayer sheet

Pocking of DNA info condensed chrvovnosome
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NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
1S 10.000-FOLD SHORTER THAN ITS EXTENDED LENGTH

 DNA
/ Nucleosomes
/ Scaffold
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Opportunities, challenges and promises

Opportunities from topological methods:

X New approach for big data characterization and classification.
x Dramatic reduction of dimensionality and data size.

x Applicable to a variety of fields.

Challenges with topological methods:

U Geometric methods are often inundated with too
much structural detail.

U Topological tools incur too much reduction of
original geometric information.

U Topology is hardly used for quantitative prediction.

Mug <Doughnut

Promises from persistent homology:
V Embeds geometric information in topological invariants.
V Bridges the gap between geometry and topology.



Vietoris -Rips complexes of planar point sets

Simplicial complex:

oA D

O-simplex 1-simplex 2-simplex  3-simplex

V(S)={a1 S|d(v,,v,) ¢ "V, v, i (), SI R



Homology

Simplicial complex

Frosini and Nandi (1999),
Robins (1999),

Py Edelsbrunner, Letscher and
Zomorodian (2002),

: Kaczynski, Mischaikow and Mrozek
O-simplex 1-simplex 2-simplex  3-simplex (2004)

: . K Zomorodian and Carlsson (2005),
k-chain:  Q CS, Ghrist (2008),
' é e

Chain group:  C, (K,Z,)

Boundary operator: ukﬁk —
Z, =Kery,
=Impy,,
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Persistent homology Is created through a

filtration process
(Xia, Feng, Tong & Wei, 2014)
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Persistent homology prediction of
fullerence heat formation energies
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Total curvature energy

Persistent homology prediction of
fullerence iIsomer total strain energies

(Xia, Feng, Tong & Wei, 2014)
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Topological fingerprints of an alpha helix
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(Xia & Wei, IINMBE, 2014)




Beta sheet

Protein topological fingerprints

All atom representation
VS
Coarse -grained model
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(Xia & Wei, IINMBE, 2014)

Alpha helix
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(Xia & Wei, IJNMBE, 2014)

Topological fingerprints of beta barrel
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Topology -function relationship of
protein flexibility (Xia & Wei, IINMBE, 2014)
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Topology -function relationship of

protein unfolding
—@— Distance filtration E 7 1 / é L J (bl)
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Microtubule analysis with cryo -EM data
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EMD 1129 Molecular structure Helix backbone
- fitted with tubulin 1JFF

(Xia & Wei, 2014)



Topological fingerprints at different noise levels

Original data
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Ten -iteration
denoising

2 3 4
P =
A ) . . X
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Twenty -iteration
denoising
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(Xia & Wei, 2014)

Forty -iteration
denoising
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Persistent homology aided structure prediction
(Xia & Wei, 2014)

Processed original Fitted with one - Fitted with two -
data type of tubulins types of tubulins




Concludingaremarks

X Introduced molecular topological fingerprints

X Introduced topology -function relationship

X Introduced persistent -homology based quantitative
predictions of protein flexibility, protein folding and
microtubule composition
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