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Motivation

Objective and Motivation

RNA molecules present a vital part of life

Secondary structure vs. tertiary interactions

Growing number of 3D RNA structures enables
systematic investigation of tertiary interactions

m Led to catalogs of non-WC base pairs and definition
of recurring 3D modules [1, 2, 3]

m How do nucleotides interact with amino acids?
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Background

Classification of base pairs

m Base pair classification by Saenger in '84 [4]

homo purine

hetero pyrimidine

symmetric

hetero purine

Symmatric [ asymmetric

asymmetric

[

symmetric

Hoogsteen

reversed
Watson - Crick

eversed  )-{
Hoogsteen ¢

taken from http://ndbserver.rutgers.edu/atlas/legends/saenger.html
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Background

Classification of base pairs (cont.)

m Leontis Westhof (LW) notation defines 3 edges [2]

m Other bp classifications exists like in Lee and Gutell, 2004 [3]
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Background

Hydrogen bonding

m Base pairs are established via hydrogen bonding (H-bonds)
m H-bonds contribute to stability of 3D fold

m Electronegative atoms form donor/acceptor pairs
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Background

Hydrogen bonding
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Background

Hydrogen bonding

Base pairs are established via hydrogen bonding (H-bonds)
H-bonds contribute to stability of 3D fold

Electronegative atoms form donor/acceptor pairs

m H-atoms missing in most 3D structures

Axel Wintsche Computational EvoDevo Leipzig

Leontis Westhof Notation for RNA-Protein Complexes?



Background

Dataset

m 3D Structures from Protein Data Bank

Polymer Type
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Background

Dataset

m 3D Structures from Protein Data Bank

Polymer Type

Il 60.4% Protein/ONA (2181 hits)

I 32.8% Protein/ANA (1184 hits)

[ ] %: Protein/DMNA/RNA (101 hits)
2.8% DNA-RANA Hybrid (100
1.2% DNA/RMA (43 hits)

R

its)
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Background

Predicting non-canonical base pairs

Computational identification of base pairs

m Reference structures give empirical values for
1 distances between (donor/acceptor) atoms

2 angles between planes of bases
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Characterizing the geometry of nucleic acids interacting
with proteins, obviously, brings up a whole new host of
geometrical issues.

Olson et al., 2001 [5]
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Methods

Predicting H-bonds

Scanning for putative H-bonds

m Donor/acceptor atoms: N, O, [C, S, Se]

m Minimum euklidean distance to find putative atom pair
m Distance cutoff (d < 3 angstrom)

m Penalty for atoms from adjacent nucleotides
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Methods

Predicting H-bonds

Scanning for putative H-bonds

m Donor/acceptor atoms: N, O, [C, S, Se]

m Minimum euklidean distance to find putative atom pair
m Distance cutoff (d < 3 angstrom)

m Penalty for atoms from adjacent nucleotides

Recap: H atoms missing
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Methods
H-bond donor/acceptor atoms
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Methods
H-bond donor/acceptor atoms

Sugar Edge
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Methods

Effect of missing H atoms

m Use all structures that contain H atoms
m Treat them as:

a) containing no H atoms
b) containing H atoms

m Compare predicted H-bonds
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Methods

Effect of missing H atoms

m Use all structures that contain H atoms
m Treat them as:

a) containing no H atoms
b) containing H atoms

m Compare predicted H-bonds

Calculate number of equal and different predictions b

equal  if b(X) = b(H)
different if b(X) # b(H)

m X-H type: add 1 to {
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Methods

Effect of missing H atoms

m Use all structures that contain H atoms
m Treat them as:

a) containing no H atoms
b) containing H atoms

m Compare predicted H-bonds

Calculate number of equal and different predictions b

equal  if b(X) = b(H)
different if b(X) # b(H)

m X-H type: add 1 to {

equal  if b(X) = b(H))

m H;-X-H> type: add 1 to { different if b(X) # b(H;)

4 non-exclusive rules!
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Results

Quality of H bond prediction

Number of equal and different predictions

type all | equal % | different %
X-H 4021 | 3499 0.87 522 0.13
H;-X-H, 2758 | 1600 0.58 1158 0.42
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Results
H-bond distribution

Relative frequency of having an H-bond with another nuclceotide or

amino acid A G C U

N1 0.39 0.01 0.59 0.00 | 0.66 0.02 0.35 0.02 02
C2/N2 0.10 0.00 0.65 0.01 | 0.59 0.01 0.53 0.01 N3
N6/06 0.43 0.01 0.52 0.01 || 0.53 0.01 0.30 0.01 N4/04

N7 0.19 0.01 0.05 0.01 || 0.01 0.00 0.02 0.00 C5
C8 0.04 0.00 0.02 0.00

02 0.26 0.04 0.25 0.03 || 0.21 0.04 0.21 0.04 O2
05’ 0.02 0.00 0.01 0.01 || 0.01 0.00 0.01 0.00 O5%
0 0.00 0.00 0.00 0.00 || 0.00 0.00 0.00 0.00 O

OP1 0.07 0.06 0.05 0.07 || 0.05 0.07 0.07 0.06 OP1
OoP2 0.12 0.03 0.04 0.03 || 0.04 0.04 0.07 0.03 OP2
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normalized # pairs
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co-occupation for pairs
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Outlook

Outlook

More sophisticated model for H-bonds
Redundancy/Bias of structures in PDB

Definitions of pair and stacking interactions

Empirical rules for nucleotide — amino acid interactions

Do we see all possible interactions in the PDB data?
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