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Abstract

Motivation: Post-translational modification (PTM) is an important biochemical process. which includes six
most well-studied types: phosphorylation, acetylation, methylation, sumoylation, ubiquitylation and glycosylation.
PTM is involved in various cell signaling pathways and biological processes. Abnormal PTM status is closely
associated with severe diseases (such as cancer and neurologic diseases) by regulating protein functions, such as
protein—protein interactions (PPIs). A set of databases was constructed separately for PTM sites and PPI; however,
the resource of regulation for PTM on PPl is still unsolved.

Results: Here, we firstly constructed a public accessible database of PTMint (PTMs that are associated with PPIs)
(https://ptmint.sjtu.edu.cn/) that contains manually curated complete experimental evidence of the PTM regulation
on PPIs in multiple organisms, including Homo sapiens, Arabidopsis thaliana, Caenorhabditis elegans, Drosophila
melanogaster, Saccharomyces cerevisiae and Schizosaccharomyces pombe. Currently, the first version of PTMint
encompassed 2477 non-redundant PTM sites in 1169 proteins affecting 2371 protein—protein pairs involving
357 diseases. Various annotations were systematically integrated, such as protein sequence, structure properties
and protein complex analysis. PTMint database can help to insight into disease mechanism, disease diagnosis and
drug discovery associated with PTM and PPI.

Availability and implementation: PTMint is freely available at: https:/ptmint.sjtu.edu.cn/.

Contact: haifengchen@sjtu.edu.cn or jian.zhang@sjtu.edu.cn or jing.li@sjtu.edu.cn

Supplementary information: Supplementary data are available at Bioinformatics online.
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2.2 Protein sequence analysis
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Te dstde o aet cres '.&'e ANaed b IUR'uedZA
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2.3 Protein structure
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spNags aga st adbaa it e/d e f107% T e PDB ean: e
baedededacgrg et t e Wapaiaia: ()T e P e
ex ed A e« tes(1)T eat temmat fA&c ed_e esme
hasamBasi a o tea(n)T e ake ed c "%eﬁex’.zt th

c aadacaclat®d D et t aiMreda gl o @ g a g
e fat te o texid’ngyAe\Jnaft‘Ahd

u

bx"ﬂeda‘ ‘(‘i‘gc -
(e 2fWhaes ZDOCK, <a fag F via twasnf obaed d°c . ap
o cedrefrugdat tes a cacesfv W o gMebhalsp
Mde_4 ik g arga; A aha,lt ta, M _sace bafheesx o -
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2.4 Interaction analysis u
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2.5 Secondary structure analysis
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2.6 Score calculation
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2.7 Database and web interface implementation
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3.1 Iaatabase and content
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Table 1. Summary of PTM effects on PPIs
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toef . Mdadagy Micap e Miramhy galig f
RTM‘.A’“ A Jpat te M oala elehy f_ec mla';_nh c-
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12.16%) c #8 £ APDB exsa. M8 st o ves 203 ¢ a ves
(Eaq. 4 6.86%) £ M0 4 g g g (B MOL) anl 2397
(Fac. 80.98%) 5 @ ted Mea d S (ZDOCK and
HDOCK). Acctd pt t et t d°Ci . aWedge (XL-MS anl
d #« n&l A4 e ag; M eac c MMex Wataypmdac A-
deswe’y e(Hg ,Med amc L $),3226% fh .c haeHg’
v ‘Med u

uT et » 10 cl,,ea_t:_xaffedued b PTMWaecc medanl < h.an
Egre2C b ‘5 s A ded™ . APt teet se () casta ¢
' eayt casta (A ABa : §40), cafee (. Aba h323)§"ca"‘, %cama‘
(a0 B : 302), e _ac 4 (. ABa: 136)N s gasme (in 0B :
127), Axcadte (imsoBa : 119), a0 pHaecadte (insoBa :76) ad

esa cl~a cacam (HCC) (asba: gl); (1) N, e s
d.cag (AD) (4 Ba : 63); 2 (1) d abq’e,x(n MBa : 52). Wed ¢
c ¢t aedaPTM-agzcaed PPLxh T (Eg 2D). N de,z&:t
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YWHAB (deg ee: 80), H3C1 (deg ee: 50), YWHAZ(deg ee: 49),
TP53 (deg ee: 47), PINT (deg ee: 45), GRB2 (deg ee: 34), YWHAG
(deg ee: 34), CTNNB1 (deg ee: 361), YWHAE (deg ee: 33) ad
PLK1 (e ee: 29) (Eg 2D aitl E), < ppest apt at e peswdhae
d_cae-t ceatNeamls teaad d gta ga s

3d2 Web search function
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be secfed & e ‘Seac ’wsage (Eg 3B). T3, s ‘CTDPY’ gesw
asamesase,t e eac edveXt_+WW be .« hm matabda
frax, A dog Qpeans) Ges, Ume t, PTM, Ste, AA,
1o ot La_gess, Effeq, PMID aal Daal (Hg 3B).
Hl...aifrl,tfr U ¢ aal P bMed ae a ’Lg,ed. Aalt eth
t 8¢ f demed vext_scambe .+ hab ¥ic. gt e S W
bt igresea’y (Eg 3B). X
T etf‘,d vedPaage ¢ prs f o MM ea a(He 30),
i, B x, tem’a’ el (£C astgamsfhn te MR te
# daveam o tend A by AK o te mfex ves(d s
tde a3, PTM aPPL4 e aa: amh ,. KB ttaste e
fPTM fecamlc Mex aml £¢10PTM PPLE ea. ac A3
ddeexaua’:‘ﬂnd ¢ desteal P}t « ve, teamia ya e Me-
gaed (4c ash @ @ PTM xed Ayed s e maface v
o teamd oA pc MMes g hoic cambe a'ed v eac ed,
eaX K 1a'C #Mex amd ;'X'Z ed. e MMex o @t e,xca:':!f i
PDB da aba_e (Ba s4.mé17al., 2000) aii % xfli ecYa ﬁ-c Al
PTM e aﬁlltfe bae xﬂm%d BT e s a e Anl _a _2can
cax Mm~aeanl Nic Mo« tesFut a MMe o teama-
aa: ‘(HB, HP aal ELE) daed b . e «fhae (C en
aal L, 20Q7; Wasgetal, 2Q14) ae 2* b matabNa fuok.
Lasa faceRexd ethad _+ AN aedt ammaet e,.tatﬁii ca-
t1 afPTM tex ‘Du',il ad’ f . afa s ‘ided fv _a s
d $oi adat e {llfea vezami W c Mex, v A& mc M _ed
fc Mllex gt a re_;;mqfaceﬁe;t(lll esaly maac, A We ¢
o ‘1ded & e esta N ¢ ¢ aUsmm tt daabae (UaR ¢,
2012), Aw alRd daabae (Vaad et al., 20222,‘ Pfagda aba.e
{(_l}‘ljt NG al., 2021) aad P bMed da aba_e bxifc L el oed
[V S v

3.3 Web browse function

T e PTMt ae_camd gemux\ae,x%eqvard vgaig ed s abqyd
vda, b "W bt e ot TN laam e esged et .
(E g 3A). X

3.4 Web download and help function

A daa . mt e PT&\/IAI da aba_e cambe d %o aded  aat e
D, thl ad’sage, A d EPTM exaa: B ¢t destcatlar te
o acve drax, aAn daded 3t ¢ hae a Hake:
t e ‘Hea’aage.

4 Discussion

T uf, AW edge, PTM adaabae, t efryc Mhe et edaa-

ba.e f eﬁmd“,:‘!md ¢ desme ft e PTMeffea « MPPIsW 1c s
M desc Mac exaa Mo tectdy tc asPTMt aes
aAthte,;;A‘lﬂ’aG:@at te a daea: o0& dg a_x_xcaﬂfiflxd,ﬁ
ea,e_tah[lilfi Ay a n but 2 Meg get e acct dipe este
aml 3t @ veamsa m(sc aszMeNa dc anl maac a
a2, ¢ e sk oW .
e’i',nn’ teﬁ.g,zc i Sdar ecd baed mtemr X
anl 4xd ¢ Mes (C 2002 H ap, 1999). Aalt e a8 e
Mgt aedffaeaaPTMt wesWa. o N gl gaes sc
azcasa aml s wa (X Xy al., 2022). ]}jf\fsxa‘ﬂ e, L .2 (K)
camdea’'d bg‘acdiaed, #% Naed v b axaed. %i:n (S)
casbe » ,.tx‘tiztea’ I K _ixﬁ ed. Inaddt:u}l hef alt e
secfc ]EITMt R Age S teMcamepglae & ax ot -
tegua | cWeagddaa Fu exase,s 45289, AMDM4 can
2Nt age . ce MDM4-MDM2 aal MDM4-453 | #a ac-
6. W erdly2012). Baa2: Meg: P ¢ AT 1758 aa aca A0-
Neda Mic t 1mbt Nassah.al /g and eMasget e 14-3-3
ate nbﬁli [pt t e Meg. Mct Ma ok d A n(T’g waetal,

2008). Fu aahe, 1433w tedy % ic c maad a
» 4 o teabalg d o (PPBDY, caabhal o _4T32
FOXO3 (S ¢ et al., 2010), » 5253 FOXO3 (S ¢ et al.,
2010),» _¢T642 TBC1D4 (RaAM¥t al., 2006), s _£S939 TSC2
(Ca etal.,2006),» 25981 TSC2 (Ca et al., 2006) amla  _2599
BAD (PN, edet al., 2009) X e PI3KA ¢ sgd paa ha .l

vdat agest etes fregda v sesWMuegda v e Tt’ue
o temreramedaccuid gt t l(f‘,)ﬂttame,cre,ﬁ“,c ~c -
Naedb PTMt wecamlat tessc o<sHga cte Man ga
AL N ) u A .

LAy ctaXiNer Ind eae s cegtaml e temd d gtaga ¢ Fu
esaet e Y654 f CTNNB1 a_a LE £Le £0.93,. a bt s

t 4P b Lﬁ‘.L{.lb ffeed at aasetic /N e Max et

1

RN, ' ‘e edm (CML) (CN cga etgl.,2007),‘v T T
Laacctd WY PTM-agscaed PPLaW v test (Eg 2D aalE).
Accvd st ave:  _tes vt _4Bat _stal,2017;S . etal., 2001,
S sgetal.,2008), PTN{J,‘: e c caediam e e faceubet‘,een
th o te s camieglac o te s Maad M We _tas _ed
% @ @ PTM ueh 1c a caed s e .ma face, cammd < e
ame t.mbt  maac a T aefug, he a jed W ot ten

c MMex asml ma face a8 acd 4T = v _tvan: e, %‘t . ma facy

u

aml . mafacd e e st etegla v e S o e pa
TaWeS1). Ft esaMe,a Y47, aFe65 ) 1T ax Agesm e


https://academic.oup.com/bioinformatics/article-lookup/doi/10.1093/bioinformatics/btac823#supplementary-data
https://academic.oup.com/bioinformatics/article-lookup/doi/10.1093/bioinformatics/btac823#supplementary-data

te;a] esa u At e PTM te) cuid be aat Mhspand ¢ Wespe
‘, v

D et t ™ Meda _tzd. _ta. (t ves e’ﬁni <fhae anl heb-
a'a ffet exXd 1 A1b xﬂeda d7¢ ,2c a2ZDOCK (Ra ce
et al., 2014), HDOCK (Yaumet gl., 2020, & R (K 3 / etal,
2017) aal HADDOCK ( anZ mat et al., 2016). Lo tdg
eiyl et e acctac fd c g e)it,; aiage ade fMeda
ae, q_},a,maftmdc A% ad Wt exaa. Ao XL-MS daa
(lci‘l ramsp) aml wedaed d omaad oA omeac K
Fu o e, hex ¢ ad 4 edt e asaaa; ~(HB, HP aal ELE)t
Wa tecac @« bat a” mla' Hamt e PTM et o £
C aspes f.maaa (2c a<HB, HP aaml ELE) aal ¢ « ve
(xc a¥ ya. d_nda* -ldﬂ ,dedt Haica teay anld-
ran"ccuia dnd, v :nlll cedb PTM cassess a f,
c i dl egi aePPlLzanld caen g el_f‘ D¢ amal et al. l2018
IAE ilaal‘g -B.22017). T aefve, ¢ databauewat 4 dea
d ?ﬁe,u q Y ba_,z,xftltltt @ Mey ga. Y _2cC a,ﬂﬂeda
g 2z 4 (MD) aal Ma® / pae Ad (MSM_3.
Fit ashe ded o080 fa _secfcfrcefddfut e;:ﬂa n
far te M te :ﬂex (P asmetal., 2020) A’l’lﬂfedb Iﬂtie
PTMt ae_« idbea’d aN et e_ea cuﬂed At gt ela Hc
i te)ft ihae haaed ba_::d A v Weaed daa (Take 1,
§ aal coma TaR e_sS1 S3) bt i, Mgt bea temw ba,ed
t t o med PTM. aezamﬂ. - dedat tem

PTM & daablal_/e‘canbe e MK ‘ed ot e N Wap
ased s Eugt eciwem’ay a ft edaabaec ma s M4
Mdd v gam sl PTMt .oe,zMLe tgaaﬂ’yaal PTMt . ae,x
',gi be added. Sec ., addt: ‘d ctat a.;,xc %rxPTM{agﬁed
d g4 PTM esat e.gt a3 PTM- a_x,xcated 20 ad e
aml agqa nbd'.eenPﬁ\/I anl :ﬂra AN be ocy axeﬂ
Tud, he ¥ vedacet e g aedged ¢ AMex #od e
» ennﬁ g tei . mc ey ,u ctut esaerdeaed, e
PDB daaba,e Ix elflt te, het ¢ oW ‘llatlailaid a-
daet e PTM & daabac ‘, el tegialf PTM Adesae
tes tted: A dtaa te.

ILoc A« Ahede¥ aedPTM m,ac Mhe eiy’edaaba,e
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