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* Post-translational modification -
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» 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)

Substrate O

http://www.uniprot.org/docs/ptmlist
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PTM bioinformatics in China'*

» Methods for predicting PTM sites

» Databases of PTMs

» PTM proteome-based analysis

» Tools for PTM analysis

» Future: PTM function prediction & validation

1% {4 Hereditas (Beijing) 2015 7 B, 37(7): 621—634
www.chinagene.cn
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Post-translational modification (PTM) bioinformatics in China:
progresses and perspectives
Zexian Liu', Yudong Cai’, Xueiifmg Guo’, Ao Li". Tingting L1 J1f111d1112 Qiu’. Jian Renj._

. 4 -8 . . .

Shaoping Shi°, Jiangning Song . Minghui Wang®. Lu Xie'’, Yu Xue'. Ziding Zhang''.
: : 12

Xingming Zhao

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

» 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

The Nobel Prize in Physiology
or Medicine 1992
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Phosphatase Database

» 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

lflﬂ'ﬂ . integrated Eukaryotic Kinase & Phosphatase Database

Yersien 1.0

ol "'E' T
The GUCKOO Workgroup THE ..vv ‘v \.J WORKGROUP 3 ; -
o =3
‘ HOME BROWSE SEARCH DOCUMENTATION LINK USER GUIDE MAILING LIST

PRODUCTS OF CUCKOO % iEKPD database®@

In eukaryotes, phosphorylation-dependent signaling networks are, to a large extent, determined by the combined actions of protein kinases, protein phosphatases and phosphoprotein-binding domains (PPBDs) (Lim et al
2010). Protein kinase is a type of well understood enzyme which modifies other proteins by chemically adding phosphate groups to them (phosphorylation). Protein kinases have been found to be involved in varieties of cellular
processes, including metabolism (Viollet and Andreelli 2011), franscription, cell cycle progression (Moniz ef al, 2011), cytoskeleton rearrangement and cell movement (Huang ef al, 2009), cell apoptosis (Wang, 2000}, and
A (HIEERTEIEN differentiation (Taylor ef al, 2011). Contrary to phosphorylation, dephosphorylation is catalyzed by protein phosphatase through a way of removing a phosphate group from its substrate. Protein phosphatases contain two groups,
CSS-Palm ( Palmitoylation ) PSP and PTP, which are responsible for the ser/thr dephosphorylation and tyr dephosphorylation respectively. Like protein kinases, protein phosphatases also play an important role in a lot of cellular processes, including proliferation
(Zhang et al, 2012), differentiation, cell adhesion (Bessette ef al,, 2008), motility and cell death (Gallego ef al, 2005). More over, recent studies discovered a few modular domains that particularly recognize pThripSer- or pThr-
containing sequences, such as the breast-cancer-associated protein BRCA1 C-terminal (BRCT) repeats, SH2 domain and forkhead-associated (FHA) domain. These PPBD-containing proteins play a pivotal role in connecting the
PN ([ ST ) kinases and other effector molecules.

GPS ( Phosphorylation )

GPS-Lipid ( Lipid modifications }

GPS-SNO ( S-nitrosylation
L E ) In this work, we have collected 1863 protein kinases, 383 protein phosphatases and 411 PPBDs-containing proteins from the scientific literature and various public databases. The data are further classified into 33 families for

GPS-YNO2 ( Tyrosine Nitration ) protein phosphatase, 148 families for protein kinase and 21 families for PPBD-containing proteins, respectively. To computationally detect more proteins in eukaryotes, we constructed hidden Markov model (HMM) profiles for these

GPS-CCD ( Calpain Cleavage ) families. For families without t 1 Phosphatase Database) was lastly updated on June. 9, 2017, which

GPS-Polo ( Polo-like Kinases ) B L S h tt p : //I e k p d R b I O C u C k O O . O rg/

GPS-PUP ( Pupylation )

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

25
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The classifications

» Kinase: 10 groups with 149 families
» Phosphatase: 10 groups with 33 families

AGC CAMK CK1 X Other PPP DSP
Abl 7. Aur 159.2
Alt 194.2 CAMKI 1255 cK1 98.2 A:k -’;57 : ] Fis Pr1 1697 apsp 37.2
DMPK 81.2 CAMK2 116.4 Dual 407.8 2
Alk 80.8 Bud32 93.1 PP2A 1206 MKP 69.0
GRK 188.5 CAMKL 89.9 TTBK 258.1 CAMKK 1383
MAST 86.3 Axl 159.8 PP28 795 PRL 109.6
> CASK 183.8 TTBKL 164.1 e S oCc7 80.3 ; . o
NOR ana DAPK 85.6 VRK 1122 S s HAL 1857 PPA 1610 ol
PDK1 98.5 Haspin 124.7 SSH 72.7
PKA 153.2 DCAMKL 150.4 Worm10 434.6 DDR 60.8 KK 1351 PPS 1209
e 154.5 MAPKAPK  112.7 Wormé 76.0 EGFR 101.6 RE 86.2 i 1eo1 Myotubularins ~ 74.5
i 190-5 MLCK 139.6 Worm?7 2035 Eph 120.1 MOS 1187 PTEN 65.0
e 550 Wormd i FAK 190.0 NAK 162.3 PP7 728
PKN 159.0 NEK 81.4 PPM
FGFR 192.0 : i o1
RSK 101.2 PIM 149.7 Worm9 5354 i e NKF1 137.0 PP2C_1 256
RSKL 815 PKD 101.6  Undassified  63.4 aR 232.2 NKF2 125.0 sLp 67.4 Phoc 3357
; PSK 284.6 TKL NKF3 175.9 i 2
50 A it o NKF4 180.9 Unclassified  94.9 PP2C_3 24.7
SGK 152.7 RADS3 106.7 IRAK 88.6 KIN16 2828 o %
YANK 140.6 RSKb 78.9 LISK 75.8 KING 4143 G e Asp Based PTP POP 171.0
Unclassified 389 TsSK 1254 LK 2302 SO0 Rk PEK 107.2 FCPSCP 304 LMWPTP
MLK 74.9 Met 95.0 PLK 755 7
Trbl 151.2
L RAF 102.9 Musk 138.1 RAN 176.4 EYA 49.7 LMWPTP 712
CDK 61.1 Trio 68.8 z PDGER 1392 scy 79.3
CDKL 110.8 Unclassified 102.8 :‘:‘:i 18:3;7 Ret 194.5 slob 2325 MDP1 1456 C€DC25
CIK 91.2 e " Ror 3219 TBCK 58.8 Classical PTP cDe2s 505
DYRK 97.7 Undlassified  136.5 Ryk Sk TLK 139.9
GSK 124.1 STE11 113.4 Atypical S By TOPK 149.2 RPTP 62.1 PIPIA
MAPK 615 STE20 2.2 2 TTK 161.9 PTPLA 355
ABC1 714 Src 115.7 NRPTP 555
K d2:0 STE7 756 Syk 216.9 oL fed
SRPK 120.9 3 Alpha 36.7 T" e VPS15 2209
Unclassified  109.9  Unclassified  117.2 PDHK 1203 g 116.1 WEE 63.6
Tie 346.4 WNK 83.0
PIKK 1104 2 s o e
RIO 715 VEGFR 184.4 wormz2 492.7 e
Unclassified 1101 ~ Worm3 6391
Wormé4 4135
RGC Worm5 436.4
RGC 708  Unclassified 30.4




467 vs. 1,450

> Kinase

144 vs. 192

» Phosphatase

Animals
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dbPPT 7

» Manual curation: 82,175 p-sites in 31,012
proteins for 20 plant species

The CUCKOO Workgroup

PRODUCTS OF CUCKOO

» PTMs Predictor

GPS ( Phosphorylation )

iGPS ( Phosphorylation )
CSS-Palm ( Palmitoylation )
GPS-Lipid ( Lipid modifications )
GPS-SUMO ( Sumoylation )
GPS-SNO ( S-nitrosylation )

GPS-YNO2 ( Tyrosine Nitration )

database gf P/

m (\% Motabolism
@M@[g@@ ‘ Sqnal transduction
. -.T’ —— w‘{ ........

ADVANCED DOCUMENTATION LINK CONTACT DOWNLOAD

¥ Overvieww

As one of the most important and ubiquitous post-translational modifications (PTMs) in plants, the reversible phosphorylation catalyzed by
protein Kinases is involved in regulating a wide range of biological processes such as cellular metabolism, signal transduction and environmental
response (Ranjeva et al., 1987; Mundy et al., 2002; Kusakina et al., 2012). Recently with the development of phosphopeptide enrichment
techniques and high-throughput mass spectrometry (HTP-MS) technology, large scale phosphoproteomics data in plants have been emerged at
a quick pace, stimulating the creation of multiple phosphorylation databases to store and organize them. However, a more comprehensive
phosphorylation database of plants is still necessary and useful. In this work, we develop a database of dbPPT 1.0 (database of Phospho-sites
in PlanTs), which contains large-scale phosphorylation sites (p-sites) based on mass spectrometry across 20 plant species. Most of the
datasets in doPPT 1.0 were manually curated from literature published before July, 2014. Moreover, we also integrated other phosphorylation

resource into this database including PhosPhAt (Durek ef al., 2010) and P3DB (Yao et al., 2014). Currently, dbPPT contains 82,175 p-sites in
31,012 proteins for 20 plant species.

Cheng et al., Database (Oxford), 2014, baul121
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» 7,391 p-sites in 3,750 prokaryotic proteins

The CUCKOO Workgroup

HOME BROWSE

-THE CUCKOO woakeroup )\@ W\QT@O"R@?

ATE ADP

Bacteria Archaea —

ADVANCE LINKS USER GUIDE CONTACT DOWNLOAD

PRODUCTS OF CUCKOO

» PTMs Predictor

GPS ( Phosphorylation }

iGPS ( Phosphorylation )
C55-Palm ( Palmitoylation )
GPS-Lipid ( Lipid modifications )
GPS5-SUMO ( Sumoylation )
GPS-SNO ( S-nitrosylation )
GPS-YNO2 ( Tyrosine Nitration )
GPS-CCD ( Calpain Cleavage )

GPs-Polo ( Polo-like Kinases )

¥ Overview

As one of the PTMs with tremendous studies, Phosphorylation regulates a wide variety of biological processes, including signal transduction events (Cohen, 1982).
Whereas eukaryotic proteins of phosphorylation have been extensively studied, only limited information is available for phosphorylated proteins in prokaryotic
organisms. Previous studies about constructing database of prokaryofic phosphorylation sites mainly focus on tyrosine-, serine, and threonine-phosphorylated
proteins (\Wurgler-Murphy, King and Kennelly, 2004). However, for the purpose of elucidating the mechanisms of phosphorylation in prokaryotic organisms. other
residues which can also be phosphorylated should not be neglected. For example, protein histidine or aspartate phosphorylation plays important roles in two-signal-
transduction events (Galperin, Nikolskaya, Koonin, 2001; Swanson, Alex and Simon, 1994).

To settle these challenges, we provide a comprehensive database of Prokaryotic Protein Phosphorylation Sites for 7 types of residues, including 7,391
phosphorylation sites in 3,750 proteins.

¢ Search @
[ Any Field [v]|
| Example | | Clear Form | | Submit |

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



dbPAF 7

» 483,001 p-sites of 54,148 proteins for human,
animals and fungi

THE SUCKOD workaaows DB s

Fhorpnerdeted

HOME BROWSE ADVANCED LINKS USER GUIDE CONTACT DOWNLOAD

PRODUCTS OF CUCKOO ) .
¥ Overview

The dbPAF (database of Phospho-sites in Animals and Fungi) is an online data resource specifically designed for protein phosphorylation in seven
) _ eukaryotic species, including H. sapiens, M. musculus, R. norvegicus, D. melanogaster, C. elegans, S. pombe and S. cerevisiae. From the scientific
GPS ( Phosphorylation ) literature, we collected 294,370 non-redundant phosphorylation sites of 40,432 proteins. We also integrated known phosphorylation sites from a number

of public databases, such as Phospho.ELM (Diella, et al., 2004; Diella, et al., 2008), dbPTM (Huang, et al., 2015; Lee, et al., 2006), PHOSIDA (Gnad,

iIGPS ( Ph haorylati
S DT of al, 2011: Olsen, et al, 2006), PhosphositePlus (Hombeck, et al, 2004: Hombeck, ef al, 2015) PhosphoPep (Bodenmiller, ef al., 2008:

C55-Palm ( Paimitoylation ) Bodenmiller, et al, 2007), PhosphoGRID (Sadowski, ef al, 2013; Stark, et al, 2010), SysPTM (Li, et al., 2009; Li, et al, 2014), HPRD (Goel, et al,,
- - 2012) and UniProt (The UniProt Consortium, 2015). In total, dbPAF 1.0 contained 483,001 known phaspharylation sites of 54,148 protein substrates, as
GFS-Lipid ( Lipid modifications ) a comprehensive data resource for human, animals and fungi.

GPS-SUMO ( Sumoylation )

GPS-5NO ( S-nifrosylation ) % Substrate Search

GPS-YNO2 (T ine Mitrati . . . .
(Tyrosine Nitration ) Please search the dbPAF database with one or multiple keywords to find the related information:

GPS-CCD [ Calpain Cleavage )

GPS-Polo ( Polo-like Kinases ) [ Any Field M |

112 ¢ Dunaelatinn

CRESF

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

' The CUCKOO Workgroup

' PRODUCTS OF CUCKOO

BROWSE

+ PTMs Predictor

Last update: Jun. 1st, 2017

l;r‘_m -ilCompendium of Protein Lysine Modifications

Version 2.0

THE CUCKOO worksroup

USER GUIDE

CONTACT D¢

ADVANCED CITED BY LINKS

#* Overview

PLMD (Protein Lysine Modifications Database) is an online data resource specifically designed for protein
database (Liu ef al.. 2011) and CPLM 2.0 (Compendium of Protein Lysine Modifications) database (Liu ef :
(Yang et al., 2007; Shahbazian ef al., 2007; Smith ef al.. 2009). ubiquitination (Gao, ef ai., 2013), methylati
Cheng, et al., 2009; Zhang. ef al., 2009), crotonylation (Tan, ef al.. 2011), malonylation (Xie, ef al., 2012)
(Rabut, et al., 2014; Soucy, et al., 2010), glutarylation (Tan, et al., 2014; Hirschey. et al.. 2015), hydroxy
(Posner, et al., 2013), formylation (Jiang, ef al., 2007), carboxylation (Jimenez-Morales, ef al., 2014), phosg

3 Substrate Search

‘ Gene Name v | ‘

‘ Example ‘ |C\Ear Form | ‘ Submit |

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

The data statistics of PLMD is shown below. The data for each type of PLMs and species or the total data se

Type Protein Site Species Protein Site
Ubiquitination 25103 |[ 121742 Homo sapiens 13378 || 131256
Acetylation 33025 |[ 111253 Mus musculus 7377 44065
Succinylation 6377 18593 Saccharomyces cerevisiae 3697 23561
Malonylation 3429 9584 Rattus norvegicus 5264 20928
Sumoylation 2801 8115 Escherichia coli 1971 13600
Glycation 3084 6591 Emericella nidulans 1918 4838
Methylation 2819 6323 Sulfolobus islandicus 1158 3714
Glutarylation 21 715 Arabidopsis thaliana 1834 3650
Propionylation 192 413 Mycobacterium tuberculosis 999 3161
Crotonylation 59 353 Plasmodium falciparum 1214 3151
Pupylation 245 287 Bacillus velezensis 1146 2998
Formylation 97 188 Spiroplasma eriocheiris 539 2494
Phosphoglycerylation 137 187 Schistosoma japonicum 1251 2427
Hydroxylation 32 137 Phytophthora sojae 177 221
Butyrylation 28 96 Bacillus subtilis 763 2039
2-hydroxyisobutyrylation 15 81 Drosophila melanogaster 1051 2026
Neddylation 25 50 Oryza sativa subsp 913 2018
Carboxylation 36 36 Vibrio parahaemolyticus 643 1929
Lipoylation 25 28 Corynebacterium glutamicum 637 1897
Biotinylation 8 8 Others 6571 12817
Total 53501 || 284780 Total 53501 || 284780

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

Journal of Genetics and Genomics

Volume 44, Issue 5, 20 May 2017, Pages 223-225

Editorial

I o i cane s i Cnooics Bioinformaticians wrestling with the big biomedical data
o \/Clume 44, lssue 5 Pages 223-284 (20 May 2017)

Editad by Xiu-Jie Wang and Yu Xus Yu Xue & B XjyJig Wang - &
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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?
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Autophagy

» Macroautophagy, microautophagy, chaperon-

mediated autophagy (CMA)

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

» 1993, Atgl in yeast
» 41 core ATG genes

» ~20 conserved in human

Christian de Duve

Ohsumi Y, Cell Res., 2014, 24, 9-23
Xie et al., Autophagy, 2015, 11, 28-45

Yoshinori Ohsumi

(KFER )

Daniel J. Klionsky
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' 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
& Uncariarhynchophylla (Gouteng, $&7% )

EE-HE

7. FHE
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DR T WEER, HE () —5, PR, SRR, BKE —RRSK. M5E TEE
(EE, RERIGT. RYE, BONK SE=NEHE, BEAT.
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> Neuroprotective alkaloids In
Gouteng
> Corynoxine (f1]ig3EMR,) & corynoxine B (f1i&3EB)

€ Same molecular formula, different conformation
€ Induce autophagy in different way
» Question:
€ Find key regulators in neuronal autophagy
€ Distinguish two compounds

OCH, OCH,
Corynoxine B Corynoxine

Lu et al., Autophagy, 2012, 8, 98-108
Chen et al., J Neuroimmune Pharmacol., 2014, 9, 380-7
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Experimental procedure #
» N2a: a mouse neuroblastoma cell line
Light Middle Heavy
C— el S
Arg0, LysO Arg6, Lys4 Arg10, Lys8
Cory Cory Bl Control l
Tripsin
o R 1 LS
1 ’_‘ ' I ’_‘ ’ ‘ ‘ digestion HPLC fractionation and Enrichment
g " ' LGMS!MSi
\ l ‘/ Arg-containing peptide Lys-containing peptide
— A A
‘,‘ } Heavy Heavy
> Middle > Middle
Treatment/Control ratio: >1 or <1 Eltight o
_' 10 Da <—% 8 Da
< > < R >
m/z B m/z B

Chen et al., Autophagy, 2017, in press
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"» Phosphoproteomics profiling
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» Quantification: 2,317 proteins and ‘
5,555 unique p-sites

» GSEA-based enrichment
analysis

€GO biological processes J J

4000

3000

2000

P-Sites number

> Limited difference in the

distribution of p-sites :

Control / Cory Contral / Cory B
mRNA processing-
DSB repair via homologous recombination regulation of alternative mRNA splicing -
mRNA processing - RMNA splicing -
mRNA export from nucleus endocytosis-
axon guidance 1 regulation of transcription- -log (p-value)

endocytosis nucleosome assembly -

negative regulation of transcript@on- regulation of cell proliferation- 5.0

o ) RN{&‘ splicing 7 cell differentiation- 4.5

MRNA splicing, via spliceosome 1 regulation of GTPase activity - 20

neuron migration-

Corynoxine Corynoxine B
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> ‘Kiss-then-farewell’ model: the
Interaction of kinase-substrate

» 1IGPS:
€ GPS algorithm
€ Protein-protein interaction
€ The phosphoproteomic data

79 s
PGESENAGTNOETR
<

€ Much better than NetworKIN e |
NetworKIN iGPS

PK clusters Ac Sn Sp MCC Ac Sn Sp MCC
NetworKIN 1.1

AGC/AKT 98.87% 58.89% 99.44% 0.5865 98.81% 52.22% 99.47% 0.5445
AGC/PKA 9224% 3220% 9328% 01277 9267% 5756% 9328% 02481
Atypical/PIKK/IATM  97.50% 77.42% 97.83% 0.5204 97.47% 75.27% 97.83% 0.5080
CAMK/CAMK?2 0843% 585% 9991% 01671 9851% 1064% 9991% 02580
CMGC/MAPK 09345% 6534% 9406% 03312 9360% 71.12% 9409% 03614
CMGC/CDK/CDC2® 9458% 4667% 9569% 02825 9475% 5404% 9569% 03268
Other/CK2 90.17% 55.49% 91.14% 0.2511 90.25% 54.85% 91.24% 0.2495
TK/IEGFR 8526% 1216% 9697% 01554 9142% 56.76% 9697% 06059
TK/Src 90.04% 2397% 9540% 02141 9069% 3264% 9540% 0.2956

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

» IGPS: Cory- & Cory B-regulated phosphorylation
networks

» Single kinase network
€ Down-regulated network & up-regulated network

Single Kinase Down-regulated Up-regulated
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> IKAP algorithm

» For Kinase i, statistically test whether it prefer to be
involved in up-regulated (high activity) or down-
regulated (low activity) networks

€ KA: kinase activity; KS: Treatment/Control (T/C) ratio

» Up-regulated network

» Down-regulated network
@ TIC <1, KApyn() = I, int(%)
ij

P
|
Sdp 9!

, A
& 9%
" 2%

» Yates’ chi-squared test
’KAup Zk 1KAup(l) KAdown z:£=1K‘4down(i)
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& Differentially activated kinases

» Up-regulated: 28 (Cory) & 28 (Cory B)
» Down-regulated: 51 (Cory) & 27 (Cory B)

EalKES B Cic IE— cw &
< ciks [ csk
CASK E— MSSKY e LKB1
DELK 5 SRPK1 [ sek2 E==ml
T8SKS cokLs PYK2 B
i B ey PKCo I
Ak PLKS [ Rex1 BN
ewbRig - P SGK1 I
Trh? g coc2 POK1 B
i COKLS [ Aia2 S —
"‘% CLK2 I MAPIKS:
CK2az [ WAPNT R
e MAK S gl Lomore
— PKC: Valoe)
Log10(P- MoK SR PKCb I 0
—_— Eawe) cori2. I PO e o
0 K. I PKCd 3
—= ; coxL1 I SGKI i
3 cokLs [ T =——————— H
1 coK2 KHS2 = >
5 COKE [ TMK B
—— 6 TRRAP [ PKACa =
: =' PLK4 [ AKT3 B
,ﬁtﬁ —_— PLKY . [ NRK =
- ek PKD3 [ PAKT L
éﬁ —_— PRD mosa
1 — PKD2 [ PAKI
SkMLCK CDKS I KHS1
JSqKoss CCRK I SLK L
DULER S CHED DCLK1
o 1a cok?r I ABL2 0
B o . csA F— e
0 1 2 3 0.0 02 04 0.
—_—— ERatio ERatio

&
g |
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| 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)

a. The THANATOS database
THANATOS (THe Apoptosis, Necrosis, AuTophagy Orches-
tratorS) is a resource being developed by the CUCKOO Work-
group at the Huazhong University of Science and Technology
(Wuhan, Hubei,China). THANATOS is still under develop-
ment (Y. Xue, personal communication) and it is focused on
the integration of sequence data related to the main mecha-
nisms leading to programmed cell death in eukaryotes. A sim-
ple web interface assists in data retrieval, using keyword
searches, browsing by species and cell death type, performing
BLAST searches with user-defined sequences, and by request-
ing the display of orthologs among predefined species. A Java
THA NATOS ~iTHe Autopha N . application is also available to download for standalone usage
PNagy, NECroSIS, ar ¢ . THANATOS resource. The THANATOS database is
publicly available online at the URL http://thanatos.biocuckoo.

org/.

The CUCKOO Workgroup THE cucKoo WORKGROUP - & e E‘&:

HOM

m
m
A
v
m
X
(o)
0
m
o

LINKS USER GUIDE

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



' Validation A

» Cory: down-regulates p70S6K and up-
regulates MEK2 & PLK1

"
S & N N
o ¢ N
\ 2 > Q?’
P-p70S6K MR S S— & (64 & (43
705K M - - p-PLKT [ s

t-PLKT _— -- i
B-actin

s G - -

1

p-p70S6K/t-p70S6K ratio
(=] --
o

o

(=]
’ :H*
-1 *
*
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MEK?2 & PLK1 By

» Silencing MEK2 but not PLK1 decreases LC3 |l
» Silencing MEK2 & PLK1 both increase p62

<
N

C NT si MEK2 i PLK1
Cory (25uM) - + - 3 & +
LO3] e sl womte o am
LC3n = B e
B-actin cume S S— — — —
D
NT  siMEK2 NT SiPLK1
CoryB(25uM) - + - + - * - 4
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' MEK?2 & PLK1 activation =

> Inhibitors: U0126 (MEK?2) & BI2356 (PLK1)

» The inhibitions of MEK2 and PLK1 both increase p62
and block autophagic flux
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MEK2 & PLK1 in neuronal ‘-
autophagy

» Alzheimer's disease: APP (B-amyloid precursor
protein) & CTF B

» Parkinson’s disease: a-synuclein (a-syn)
» The inhibition of MEK2 or PLK1 diminishes the
clearance of disease-associated proteins by Cory

» The activation of MEK2 & PLK1: neuroprotective
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' Summarization

A
¢ i

» 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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The 3.8 A resolution cryo-EM structure of Zika virus
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