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ubiquitin (76 AS)6x alanine peptide (28 AS)

Swatek et al., Cell Research (2016)
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MARTINI CG modelGROMOS54a7 polyUb CG model

N = 1521

(+60 000)
N = 326

(+5 000)

Monticelli et al., JCTC (2008)

Kmiecik et al., Chemical Reviews (2016)

Berg et al., PLOS Comp. Bio. (2018)
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8 x 20 x 10 µs

16*1010 steps

80 x 10 µs

8*1010 steps

8 x 20 x 100 µs

1.6*1012 steps
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A B

2xUb/diUb: 144 dimensions

Berg et al., PLOS Comp. Bio. (2018)
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MDS (multi-dimensional scaling)

3D 2D

Pedregosa et al., JMLR (2011)
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Behler, JCP (2011)

Lemke & Peter, JCTC (2019)

Lemke et al., JCIM (2019)

https://github.com/AG-Peter/encodermap
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16 M samples 

in total

training set

RMD 144D

5 M samples

Berg et al., manuscript in revision
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back-mapping
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EncoderMap 

neural network

Berg & Peter, Interface Focus (2019)

Berg et al., manuscript in revision
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Earth-Mover-Distance (EMD)

$

Rubner et al., IJCV (2000)

https://github.com/garydoranjr/pyemd
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relative pair-wise EMD

MDS



Universität KonstanzConformational Analysis of Ubiquitin Chains14 27.02.2020



Universität KonstanzConformational Analysis of Ubiquitin Chains15 27.02.2020

Clustering
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HDBSCAN

McInnes et al., JOSS (2017)
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HDBSCAN
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2xUb
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Extension to triUb
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A B

3xUb/triUb: 288 dimensions

Berg et al., manuscript in revision
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training set

RMD 288D

5 M samples

216 M samples 

in total
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Conclusions
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• conformational sampling on CG level
• transferable and scalable CVs
• effective dimensionality reduction
• quantitative metric for conformational maps
• robust clustering

• characterization of Ub-Ub interaction
• conformation function correlation
• linkage specific conformational characterization
• longer chains behave different (K48, K6, K11)
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