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Post-translational modifications

Confidential and Property of ©2005 Molecular Modelirg Section ) ) )
M Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy S. MORO - Biomodeling Biotech




iThe amazing role of post-translational
i modifications:

1. Phosphorylation;

2. N-acetylation;

3. N- ed O-glycosylation;
4. N-methylation;

5. Nitrosilation;

6. Acylation (palmitoylation, farnesylation,
miristoylation);

7. Ubiquitintion e SUMOylation;
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| Phosphorylation... /in summary

Modified AA: Ser, Thr, Tyr

APM: 80 Da

Alocal charge: neutral - negative
Reversibility: ©

>30% of all proteins are phosphorylated and very
often poli-phosphorylated

Function:
Ser, Thr kinase association and activation
Tyr dimerization and receptor activation
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¢ Y Here is the modification of local surface
I® <2l properties after phosphorylation...
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| Acetylation... /in summary

Modified AA: N-ter residue, Lys
APM: 42 Da

Alocal charge: positive —» neutral
Reversibility: ©

Function:

Acetylation is an important modification of proteins in cell biology; and
proteomics studies have identified thousands of acetylated mammalian proteins.
Acetylation occurs as a co-translational and post-translational modification of
proteins, for example, histones, p53, and tubulins. Among these proteins,
chromatin proteins and metabolic enzymes are highly represented, indicating
that acetylation has a considerable impact on gene expression and metabolism.
In bacteria, 90% of proteins involved in central metabolism of Salmonella enteric
are acetylated.
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| Here is the modification of local surface
.1 properties after Lys-acetylation...

GGK(Ac)GG
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§ Glycosylation... /in summary

Modified AA: N-glico, Asp
APM: >800 Da
Alocal charge: neutral - variable

Reversibility: ©

Modified AA: O-glico, Ser e Thr
APM: 203 - >800 Da

Alocal charge: neutral - variable
Reversibility: ©

Around 50% of human proteins are glycosylated, mainly
formed in Golgi and RE.

Functions:.

stability and water solubility, recognition signalling,
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N Here is the modification of local surface
3 o1 properties after Gin-glucosylation...

GGNGG GGN(glu)GG
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Back to our p53...

Improved
acetylation

Decreased Mdm2
association v

JNK a1

Cdk2

CKIl SSRP1
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Do you remember... this is the non-
Wy phosphorylated p53-MDM2 recognition:
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,.Back at the beginning of the story: let’s do
Ser20 phosphorylation!

k- !

Chk1/2
- - - -

Ser(P)20
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.\Now it is understandable the role of the

W Ser20-phosphorylation!!!
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Steric and
Electrostatic
repulsion
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Ser20Asp

Ser20Ala
Ser20Lys
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Ser20Asp Ser20Ala Ser20Lys
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Protein-Protein Docking
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No wind
or current.

Approach the
dock slowly at a
narrow angle (10
to 20 degrees).
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2, tHow we can virtualize the protein-
“WSsprotein docking process :

I |

Generation of plausible protein-protein
complexes on the basis of electrostatic

potential and topological complementarities
(docking);

Stability assessment of individual complexes
with the intent to infer on the corresponding
value of AG, 4 (scoring).
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' ¥ ; ISome general considerations:

If the formation of protein-protein complexes
does NOT imply a conformational
modification of individual monomers

virtualization process is called rigid docking;

Otherwise, the procedure of virtualization
(for high degree of conformational flexibility)
is defined as flexible docking.
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Considered a reference system attached to the center of
mass of one of the two objects, the degrees of freedom

allowed are simply 3 frans/ational motions and 3 rotational
motijons.
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pprocess:
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5y JA simple method to
Rsdllcomplementarity:

L

analyze shape

At each cell we can attribute:
0 Ext: a(,)=0
[0 Surf: a(i,j) = +1

B Int: a(i,j) =-15

0 Extb(@,)=0
O Surf: b(i,)) = +1

B Int b(i,j) = -15
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Translation Y

>

Translation X
Score=>» "> a(i, j)b'(i, j)
i |

*for each Y-translation step calculate all X-traslations
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In fact, we have to compute all possible positions of
L respect R:

e for example, we have to consider all possible rotations of
L,

ceand for each rotation of L, we have to take into account
all translation of L on R;

safter that we can calculate the Score(i,j) =R (i,j)*L (7,).
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N N N
S(R’T): ZZZa(i, j,k)b'(i +T,,] +Ty,k+Tk)
i=1 j=1k=1
R ,
Traslations , :
X,Y,2
|||||ﬂ1_' 1
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/_ JElectrostatic scoring is now easy to

T llcalculate:

For each previously selected complex
based on topological
complementarity, we can apply the
Coulomb equation of inter-molecular
interactions:
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AN example:
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CAPRI...

fill]

CAPRI: Critical Assessment of PRediction of
Interactions (http://www.ebi.ac.uk/msd-srv/capri/)

Rt i atavases [ofEnertetree  [CH
W ot Al Databases [l Enter Text Here =

Tools EBI Groups | Training Indu AboutUs Help Site Index B
| contact PDBe

CAPRI: Critical Assessment of PRediction of Interactions

CAPRI communitywide experiment on the comparative evaluation of protein-protein
docking for structure prediction

= PDB idcodes far past Hosted By EMBL/EBI-PDBe Group
targets
= Call For Targets Fourth CAPRI Evaluation Meeting, Barcelona Dec. 9-11, 2009

= Capri Rules 2007

= Original Capri Rules
2001

= Management

The 4th CAPRI meeting will be organised in Barcelona (9-11 Dec 09) . The program and registration
details can be found on the following web page
hitp immb.peb.ub. esicapri2008/

= Formats
= ROUND 23 ROUND 23 ANNQUNCEMENT
= ROUND 22 ROUND 23 - protein-protein complex (unboundunbound) and (unboundhomaology
= ROUND 21 To download the targst coorcinates you must agree to the following conditions atthe time of download.
= ROUND 20
= ROUND 19 Agreement (pdf)
= ROUND 18 To Register please email
= ROUND 17 ane\dJanin,Jneljanm@u—psudfr‘ Sameer Velankar sameer@ebi.acuk
en
= ROUND 18 Team Leader Name:
= ROUND 15 e-Mail Address:
= ROUND 14 Staff Position At your Institute:
Ifa Team is submitting
" ROUND 13 For each member please send Name: & email:
= ROUND 12
ROUND 23 Timeline
= ROUND 11 30th Aug 2010 - Registration apens for Round 23
= ROUND 10 13th Sep 2010 - Round 23 opens - Prediction of Target 47, 48 and 49
= ROUND @ 3rd Oct 2010 - Deadline for submitting models of 47, T48 and T49
Tth Oct 2010 - Scoring starts
“ ROUND 8 10th Oct 2010 - Deadline for scoring submission
= ROUND 7
= ROUND 6 Protein-protein interactions and other interactions between macromolecules are essential to all aspects
of biology and medical sciences, and a number of methods have been developed to predictthem. CAPRI
= ROUND 5 is a community wide experiment designed to assess those that are based on structure. If we know the 3D
= ROUND 4 structure of two components of a complex and build a model of their assembly, how reliable and accurate
= ROUND 3 is that model likely to be?
= ROUND 2 CAPRI is a blind prediction experiment managed by capri management . Its targets are unpublished
= ROUND 1 crystal or NMR structures of complexes, communicated on a confidential basis by their authors to the

CAPRI management. Participant predictor groups are given the atomic coordinates of two proteins that
make biologically relevant interactions. They model the target complex with the help ofthe coordinates and
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Crystall hic Protein-
ry:rst;ﬁrggn:gle;zsem Subunits Splitting Monomer preparation
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IHow we can compute the accuracy
(performance) of a protein-protein

gl

RMSD =) =1

RMSD=4.5A

RMSD = root mean square deviation
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: have a nice docking...

-y

e ClusPro http://cluspro.bu.edu/

e Ftdock http://Iwww.sbq.bio.ic.ac.uk/docking/

e Zdock http://zlab.bu.edu/zdock/

e Gramm http://Ivakser.bioinformatics.ku.edu/main/resources gramm.php

e Haddock http://www.nmr.chem.uu.nl/haddock/

e Hex http://hex.loria.fr/

» Rosetta http://graylab.jhu.edu/docking/rosetta/
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