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   eNanoMapper Framework 

http://enanomapper.ntua.gr:8080/jaqpot/swagger/#!/aa/login

Development of R tool for the creation of optimal QSAR models (RRegrs, 
https://github.com/enanomapper/RRegrs/tree/master/RRegrs

Creation of QSAR models for predicting cell association of gold 
nanoparticles using corona information 

Pathway-based Analysis

http://enanomapper.ntua.gr:8080/jaqpot/swagger/#!/aa/login
https://github.com/enanomapper/RRegrs/tree/master/RRegrs


Integration with third-party services 

WEKA R
Python

wealth of algorithms and methods

–omics

https://www.opencpu.org/
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Statistical and machine learning algorithms 
exposed as web services 

 



RRegrs: an R package for computer-
aided model selection 

RRegrs: 

 
easy-to-use framework

regression methods 
splitting cross-validation

regression parameters best model criteria

standardized summary

https://github.com/enanomapper/RRegrs  
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RRegrs workflow  



Protein corona data 



NPs protein corona  
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‘protein corona’ 

physicochemical properties

modifies NP’s physicochemical properties

 



NPs protein corona 
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biological identity

cellular uptake  
 

 

 

 



Protein corona fingerprinting  
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84

785

‘fingerprint’

cellular interaction relative 
abundancies  

 

 

 



Protein corona fingerprinting  
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cellular interaction
relative abundancies

 

 

VIP

top 48 32 16 6
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blood  
coagulation 

glycoproteins 

extracellular region 
wound healing  

Phylogenetic-like dendrogram for 
76 proteins (hierachical clustering 
using Ward agglomeration method 
& Euclidean distance)  
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Functional profiles of the 76 
proteins for MF GO ontology built at 
level 2 (R goProfiles library) 
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Functional profiles of the 76 
proteins for BP GO ontology at GO 
level 3 (R clusterProfiler library) 

Functional profiles of the 76 
proteins for MF GO ontology at GO 
level 3 (8 first categories) 
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Gene set enrichment analysis of the 
76 proteins for BP GO ontology (R 
clusterProfiler library) 

Gene set enrichment analysis of 
the 76 proteins for MF GO 
ontology 
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Gene set enrichment analysis of the 
76 proteins for KEGG ontology (R 
clusterProfiler library) 

Gene set enrichment analysis of 
the 76 proteins for Reactome 
ontology (R clusterProfiler 
library) 
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Biological 
Process 

GO 
 

KEGG Reactome GO: topGO GO:GOSim toxicity 

Complement 
activation 

GO:0072376 
GO:0006958 
GO:0006956 

hsa04610 140877;109582 

140837;140875 

76002 

GO:0042060 

GO:0030193 

GO:0050817 

GO:0061041 

GO:1900046 

GO:0030195 

GO:0010543 

√ 

Inflammation GO:0002455;GO:0006959 
GO:0016064;GO:0019724 
GO:0006952;GO:0019724 
GO:0002526 

hsa04610 166658 

977606 

166663 

GO:0030449 

GO:0006956 

GO:0006958 

GO:0072376 

GO:0006958 

GO:0006956 

√ 
 

Lipid transport GO:0034377;GO:0065005
GO:0034368;GO:0003469
GO:0071827;GO:0071825
GO:0033344;GO:0097006
GO:0042157;GO:0030301
GO:0010876 

hsa04145   GO:0006629;GO:0008610

GO:0006869;GO:0019915

GO:0016042;GO:0097006 

GO:0034377;GO:0065005 

GO:0034368;GO:0071827

GO:0033344;GO:0010873

GO:0043691;GO:0042632

GO:0033700;GO:0001523 

√ 
 

Coagulation GO:1903034 
GO:0030193 
GO:0042060 
GO:0007596 

114608 

76005 

2173782 

GO:0006898;GO:0018200

GO:0018214;GO:0006909 

GO:0006897 

GO:0006898 √ 
 

Cell association GO:0006897 
GO:0006898 

hsa05322 166786 GO:0002520;GO:0030097

GO:0048534;GO:0045087

GO:0002697;GO:0002703

GO:0002706;GO:0002712

GO:0002819;GO:0002920 

GO:0002455;GO:0006952

GO:0016064;GO:0006959

GO:0019724;GO:0006953

GO:1903027;GO:0004507 

√ 
 

Metabolic 
processes 

GO:0051248;GO:0070613
GO:0010955 

159763;159740 

159782;159854 

163841 

GO:0017187;GO:0018200

GO:0018214 

GO:0010951 

Infectious 
diseases 

hsa05133 
hsa05143 
hsa05144 
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GO descriptors 



GO descriptors 

Scope: 

groups of proteins

integrating various types of data

Gene Ontology information proteomics data

Report results

Biological validation

30 October 2015 
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LC-MS/MS data 

NPs x proteins 
GO membership matrix 

GO ids  x proteins 

GO descriptors x NPs 
Each descriptor includes  

proteomics information for 
clusters of GO ids 

Get protein ids  
Find the statistically  
significant GO ids 

Find clusters of proteins  
from GO matrix and  
apply to summarize LC-MS/MS data 



30 October 2015 



GO descriptors: application to protein 
corona data  

30 October 2015 

Results: 

14 GO descriptors 

RF methodology (
R2

Test(RF)=0.73

0.61
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GO descriptors: fully validated results using RRegrs 
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RRegrs call with default parameters 
normalization option: 

10 random splits 
100 Y-randomization runs 



GO descriptors: RF stepwise model  
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10-fold repeated CV 

 

RF & embedded variable importance 
feature (permuting the Out-Of-Bag data 
per tree optimizing mean decrease in 
accuracy/ mean decrease in MSE) 



GO descriptors: application to protein 
corona data  

30 October 2015 

We have placed GO descriptors in five groups G1-G5 based on their 
performance, R2

Test(RF), by including protein sets with decreasing predictive 
power Group G1 G2 G3 G4 G5 

Description go.10 go.11 go.10 go.10 go.10 

go.11 go.11 go.11 

go.6 go.6 go.6 

go.12 go.12 

go.9 go.9 

go.5 go.5 
go.4 go.4 

go.7 go.7 

go.8 go.8 

go.3 go.3 

go.2 go.2 

go.1 

go.14 

go.13 

Size GO descr 5 1 17 50 76 

Size PLS sets 6 16 32 48 76 

O43866 
P02760 
P15169 
P08709 
Q06033 

P03951 

P01009 
P04003 
P02766 
P12259 
P49908 
P35542 
Q03591 
P01011 
P07225 
P00740 
P08567 



IPA comparative analysis 
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IPA comparative analysis: Canonical 
Pathways 
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IPA comparative analysis: ToxFunctions 
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IPA comparative analysis: Disease 
BioFunctions 
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IPA comparative analysis: 
summary of results 
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extracellular secreted proteins
lipid metabolism blood coagulation

renal and cardiac toxicity

Acute Phase Response Signaling

liver hyperplasia hyperproliferation



Conclusions 



Integration analysis findings 

R GO KEGG REACTOME IPA

Acute Phase Response Signaling  

Why integrating GO information? 

biological interpretation 

power reproducibility

small number
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