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Protein- Nucleic acid interactions

* |Levels:

*  Molecular:
o Interaction
* Residue:
o binding sites
«  Structure:
o complex structure

* Questions:

* Driving force?

»  Features?

* DNA-/BRNA-binding
difference?
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RBscore: binding sites prediction

* Based on 3D structure

* Simple features used: accessibility (ASA), electrostatics
potential and sequence conservation entropy

* Surface grid based neighboring network integrates
features in a linear approach.

Eprgd — Efgat + Zdirsct neighbors Uga X fnsighbor type X Efs:zt
Ndirecrnsighbors
+ Zind:’rﬂct neighbors Yaa X gnsighbor type X Efaar
Nina’irsct neighbors

Efogr = W, X ASA+ Z w; X countgy e (1) + Weg X CE + W, 40 X width + C,,
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Why neighboring network?

100 Indirect neighbor |

—-10}+

* The binding interface is continuous.
* The RNA/DNA may slide into the binding pocket.
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®  State-of-the-art predictors

* Well-established problem...

° >b papers, many without rigorous benchmarking
* >20 web server, programs (some do not work)

* >40 data sets

° DNA binding vs. RNA binding predictors

* Seqguence based vs. structure based predictors
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8
Benchmark summary

* 19 web servers and 3 stand-alone programs (25
approaches in total)

* 41 data sets

* Various metrics: wWAUC, mAUC, binary criteria (AUC, PPV,
SPC, SEN, F1, MCC)
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DBS-Pred
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Bottom line of the prediction

Regardless of data set, regardless of binding

site definition
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Distinguish DNA- from RNA-binding

RNABindRPlus
|

No program
can correctly
distinguish all
data sets!
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Why not?

a Gene ontology (QuickGO) b Global nucleic acid interaction assays

DNA
Binding
(588)

dsDNA Binding
(4,191)

¢ Gene ontology of DNA binding proteins d Gene ontology of RNA binding proteins
DNA binding —{ Very large RNA binding —| Very large
RNA binding — Very large ssDNA binding =

A bincing - GSDNA bincing
dsRNA binding = ATP-dependent DNA helicase activity =

RNA helicase activity = Telomeric DNAbindingﬂ
ssRNA binding — | rDNA binding — [
' [ | [ [ | ' [ [ [ [
0 5 10 i 1 20 /e 0 o 10 15 20 25
Enrichment of function, -log(p) Enrichment of function, -log(p)

Nat Rev Mol Cell Biol. 2014
November ; 15(11): 749-760
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DRBP examples

a TDP-43 RRM 1 b TDP-43 RRM 1 c TDP-43 RRM 2 d TDP-43 RRM 2

ns

/ Phel04
\ - .
Uracil =

C5% Thymine

g NF-kB subunit p50 h NF-xB subunit p50

Major groove Major groove

B RNA-bound Il DNA-bound width: 22.3 A width: 21.3 A

* DRBP may bind DNA and RNA at the same position.
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Hints from RBscore
° Energy funnels on surface.

* Train on RBP, predictive on DBP
» RNA-binding and DNA-binding proteins may share similar rule!

* Stabler in accuracy (regardless dataset bias, distance cutoff bias)

* RBscore predicts ligand binding regions.
+ Can the driving force be identical?

* References
1 Nucleic Acids Res, 43(11):5340-51.
0 PLoS Comput Biol 11(12): e1004639.
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° Accuracies are not very stable

MAVR (maz(A“’AU(') %200)

RBscore RNAProSite
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Prediction methods

eguence-based
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Dataset
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71.NA)
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R107 from BindN, R86 from PPRInt,
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R86

D56 from Susan 2003, D69, R81
R147(R144) and R109 from
RNABIndR
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R250(RB250),R212(RB212),RBD29
2(NA)

R147 from RNABindR

R205

R67,R141,R205
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D62(PDNA-62), NRTF-915
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