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Prediction of phosphorylation sites in human protein by machine learning and the
functional role of intrinsically disordered regions
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Phosphorylation site in human protein is studied, through the prediction by
support vector machine. We focus on the difference in evolutional conservation between intrinsically
disordered region (IDR) and the domain, and the functional role of IDR in the post-translational
modification.

Sequence conservation is known to be generally low in IDR, while the functionally important
modifications are often found in IDR. We proposed a measure of site-specific conservation based on
multiple ortholog proteins, as PSSM (Position Specific Scoring Matrix), which is often used as a
site-specific conservation measure, assumes sequence conservation which does not work in IDR. Then,
the site-specific conservation is found to vary within IDR. The conservation is kept high at a
phosphorylation site, especially at the phosphorylation with any clarified function. Prediction
accuracy improves to 82.1% using both the conservation and the sequence information in IDR for
functional phosphorylation sites.



o

@

intrinsically
disordered (IDR)

@
(IDR)
®
IDR
IDR
@
IDR
IDR
(Fukuchi S. et al, 2011)
DICHOT
IDR

@

position-specific
scoring matrix (PSSM)

PSI-BLAST
IDR PSSM
®
©)
phosphoELM
version 9.0 (September 2010)
17 25
ID DICHOT
@
(SWW)
IDR
Ws SWM
77.8%
(Ws=31) 74.7%(Ws=25)
68.6%(s=31) ID
71.0%(Ws=T7)
73.1%(Ws=9) 66.1%
(Ws=T)
IDR
IDR
(2) IDR

MAFFT



4 PPRED PPRED
UniProt(Release
2013_11) PSSM
GTOP Release 2010 October 6
BLAST UniProt(Release 2013 11)
4 PSI-BLAST PSSM
E-value 0.001
2
A) UniProt
BLOSUM62
Description
2 SWM
(®)
SWM
©
IDR
124 SWM
124 IDR Ws
(A)223
(B)527 (C)6911 A)-©)
4 MA PSSM
1 A)
® ©
IDR
"‘-__:__::‘1:‘_'_-
£ e Frequency Score
"“‘=~H; Sequence | 74.6% (Ws=11) | 78.1% (Ws=9)
;I [8—t Prmcicnal phoapory laticm st MA 77.7% (Ws=9) | 79.2% (Ws=7)
i3 N oyl e | PSSM | 75.3% (Ws=9) | 78.3% (Ws=7)
Mouse bpossum  Chicken  Zebrafish Hybrid 82.1% | @ -----
IDR
PSSM  MA
(3) Sw IDR
SWM
A 223 PSSM MA
C PSSM
SWM MA IDR
2 IDR PSS
«C > wm
5 )
5 Ws SWM
82.1
81% SWM
2
) SWM
MA IDR




UniProt

4
41
) 50
® 43
© 1968
*-©
®» B O
o —_
F— s
8 e, i |
# T — T
E .
i | =@=iA} Funcional phospborylation =ite
& . | =Bl i Fusetioga | phiss pioory latbom sits
== [’} Mon phosphorylation st
it FITES: Ohpcasim Chicken Zekbaeafish
) 50
©
SWM
Ws
IDR MA
PSSM
PSSM
Frequency Score
Sequence | 73.8% (Ws=9) | 74.7% (Ws=9)

MA 74.8% (Ws=9) | 77.9% (Ws=15)

PSSM 76.8% (Ws=11) | 79.0% (Ws=15)
®)
A C
IDR
IDR
P+1 R-3

o

@

Xian-Hua Han, Yukako Tohsato, Koji
Kyoda, Shuichi Onami, Ikuko Nishikawa,
Yen-Wei Chen: Nuclear Detection in 4D
Microscope Images of Developing Embryo
Using Enhanced Probability Map of
Top-ranked Intensity-ordered
Descriptors, IPSJ Transactions on
Computer Vision and Applications,
Vol .8, No.8 (2016)

DOI: 10.1186/s41074-016-0010-3
Deep
60
2016
5 27

X.-H. Han, Y. Tohsato, K. Kyoda, S.
Onami, I. Nishikawa and Y.-W. Chen:
Nuclear Detection in 4D Microscope
Images of Developing Embryo Using
Enhanced Probabi lity Map of Top-ranked
Intensity-ordered Descriptor, The 3rd
IAPR Asian Conference on Pattern
Recognition, 2015 11 5 , Kuala
Lumpur (Malaysia)

I. Nishikawa, T. Ishino, Y. Tohsato, S.
Fukuchi and K. Nishikawa: Prediction
of Post-Translational Modification on
Human Protein in Intrinsically
Disordered Region by Support Vector
Machine, 11th Neural Coding Workshop,
2014 10 8 , Versailles (France)

SWM

58
2014 5 22

NISHIKAWA, Tkuko

NISHIKAWA, Ken
FUKUCHI, Satoshi
TOHSATO, Yukako



