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Post-translational modification 

 POST: after RNA translated to protein  

 Covalent modification: creation or disruption of 
covalent bond 

 Side or main chain of amino acid 

 The PTM code: writer-eraser-reader system 

 ~610 type of PTMs 
Phosphorylation (S/T/Y) 

Acetylation, Ubiquitination, Propionylation (K) 

http://www.uniprot.org/docs/ptmlist 



PTM bioinformatics in China 

http://www.chinagene.cn/CN/abstract/abstract21444.shtml 

 Methods for predicting PTM sites 

 Databases of PTMs 

 PTM proteome-based analysis 

 Tools for PTM analysis  

 Future: PTM function prediction & validation 

 



Phosphorylation 
The most important and well-studied PTM 

Reversibility and regulation： 
Protein kinase: Phosphorylation - writer 

Phosphatase: De-phosphorylation - eraser 

Phospho-binding domain (PDB): interacts with 
phospho-sites - reader 

Edmond H. Fischer Edwin G. Krebs 

The Nobel Prize in Physiology 

or Medicine 1992 



 Known data: 1855 kinases & 347 phosphatases 

 EKPD: 50,433 kinases and 11,296 phosphatases in 84 

eukaryotic species 

 iEKPD 2.0: 148 species & phospho-binding proteins 

http://iekpd.biocuckoo.org/ 

Wang et al., NAR, 2014, 42:D496-502 

Xu et al., unpublished 

EKPD: Eukaryotic Kinase and 

Phosphatase Database 



The classifications 
 Kinase: 10 groups with 149 families 

 Phosphatase: 10 groups with 33 families 

 



Animals vs. plants 
 Kinase: 467 vs. 1,450 

 Phosphatase: 144 vs. 192 

8.2% 60.2% 



dbPPT 

Manual curation: 82,175 p-sites in 31,012 

proteins for 20 plant species 

Cheng et al., Database (Oxford), 2014, bau121 



dbPSP 

 7,391 p-sites in 3,750 prokaryotic proteins 

 

Pan et al., Database (Oxford), 2015, bav031 



dbPAF 

 483,001 p-sites of 54,148 proteins for human, 

animals and fungi 

Ullah et al., Sci Rep, 2016, 6, 23534 



CPLM & PLMD  
 CPLM 2.0: 12 types of protein lysine modifications 

 PLMD 3.0: 20 lysine modifications   

Liu et al., 2014, NAR, 42, D531-6 

Xu et al., J Genet Genomics, 2017, 44, 243-250 



Submit to JGG 

 Journal of Genetics and Genomics 

 Annual database/web server issue, IF: 4.051 

 Article & Letter 

 Guest Editors: Xiujie Wang & Yu Xue 

 Submission: Early of December, 2017 

 Publication: May, 2018 

 E-mail: xueyu@hust.edu.cn  

mailto:xueyu@hust.edu.cn


PTMomics 

Large-scale detection of in vivo PTM 

substrates, sites and motifs 

Mass spectrometry (MS) 

Protein, peptide, and PTM chips 

Current progress:  

~500,000 phosphorylation sites 

~140,000 ubiquitination sites 

~60,000 acetylation sites 

Challenge: What PTM Bioinformatics can do? 



Autophagy 

 Macroautophagy, microautophagy, chaperon-

mediated autophagy (CMA) 

 1963, C de Duve, “self-eating” in Greek 

 1993, Atg1 in yeast 

 41 core ATG genes 

 ~20 conserved in human 

Ohsumi Y, Cell Res., 2014, 24, 9-23 

Xie et al., Autophagy, 2015, 11, 28-45 

Yoshinori Ohsumi Christian de Duve Daniel J. Klionsky 

（大隅良典） 



Neuronal autophagy 
 In Alzheimer’s & Parkinson’s diseases 

Proteins accumulate in central nervous system  

Defective autophagy in patient brains 

 Enhanced autophagy  

Neuroprotective by promoting the clearance of disease-

associated aggregates 

 Small-molecule autophagy enhancers 

Uncaria rhynchophylla (Gouteng,钩藤 ) 

 



Neuroprotective alkaloids in 

Gouteng 

 Corynoxine (柯诺辛碱) & corynoxine B (柯诺辛B) 

Same molecular formula, different conformation 

 Induce autophagy in different way 

 Question:  

Find key regulators in neuronal autophagy 

Distinguish two compounds 

Corynoxine B Corynoxine 

Lu et al., Autophagy, 2012, 8, 98-108 

Chen et al., J Neuroimmune Pharmacol., 2014, 9, 380-7 



Experimental procedure 

 N2a: a mouse neuroblastoma cell line 

Chen et al., Autophagy, 2017, in press 

Tripsin 

digestion  

Treatment/Control ratio:  >1 or < 1 



Phosphoproteomics profiling 

 Quantification: 2,317 proteins and 

5,555 unique p-sites 

GSEA-based enrichment 

analysis 

GO biological processes 

Limited difference in the 

distribution of p-sites 

Corynoxine B Corynoxine 



‘in vivo’ GPS 

 ‘Kiss-then-farewell’ model: the 

interaction of kinase-substrate 

 iGPS:  

GPS algorithm 

Protein-protein interaction 

The phosphoproteomic data 

Much better than NetworKIN 

Song et al., MCP, 2012, 11, 1070-1083 



Neuronal autophagy phosphorylation 

network 

 iGPS: Cory- & Cory B-regulated phosphorylation 

networks 

 Single kinase network 

Down-regulated network & up-regulated network 

 
Single Kinase Down-regulated Up-regulated 



iKAP algorithm 





Differentially activated kinases 

 Up-regulated: 28 (Cory) & 28 (Cory B) 

 Down-regulated: 51 (Cory) & 27 (Cory B) 

 



THANATOS database 

 THe Autophagy, Necrosis, ApopTosis OrchestratorS 

144,153 proteins in 148 eukaryotes 

Autophagy: 119 mouse kinases 

THANATOS filter 

Up-regulated: 6 (Cory) & 4 (Cory B) 

Down-regulated: 12 (Cory) & 7 (Cory B) 

 

Klionsky et al., Autophagy, 2016, 12, 1-222 



Validation 

Cory: down-regulates p70S6K and up-

regulates MEK2 & PLK1 



MEK2 & PLK1 

 Silencing MEK2 but not PLK1 decreases LC3 II 

 Silencing MEK2 & PLK1 both increase p62 

LC3 II ↑: autophagy 

inhibition & activation 

 

p62↓: autophagic flux ↑ 



MEK2 & PLK1 activation 

 Inhibitors: U0126 (MEK2) & BI2356 (PLK1) 

 The inhibitions of MEK2 and PLK1 both increase p62 

and block autophagic flux 



MEK2 & PLK1 in neuronal 

autophagy 

 Alzheimer's disease: APP (β-amyloid precursor 

protein) & CTF β 

 Parkinson’s disease: α-synuclein (α-syn) 

 The inhibition of MEK2 or PLK1 diminishes the 

clearance of disease-associated proteins by Cory 

 The activation of MEK2 & PLK1: neuroprotective 



Summarization 

 PTM databases 

Phosphorylation: EKPD, dbPPT, dbPSP, dbPAF 

Lysine modifications: CPLM, PLMD 

 Functional PTMs 

Functional protein kinases 

 iKAP: a network-based algorithm 

Cory inhibits p70S6K and activates MEK2 & PLK1 

 Inhibition of MEK2 & PLK1 block autophagic flux 

Activation of MEK2 & PLK1 is neuroprotective to clear 

disease-associated proteins 
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Illustrator for Biological Sequences (IBS) 

 http://ibs.biocuckoo.org 



Heatmap Illustrator (HemI) 

 http://hemi.biocuckoo.org 


