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Questions: pipsa.eml.org

What are the binding properties of a set of structurally

related proteins?
¢ Classification w.r.t. binding properties
¢ Detection of similiarities/differences, e.g. for design of

selective agents
¢ l|dentification of regions of similarity/difference

PIPSA

If experimental data on binding affinities or kinetics of
a ligand are available for 1 or several proteins, can
this be used to estimate values for a similar protein of
interest?
¢ Correlate properties from protein structures with binding and
Kinetic data.

gPIPSA
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Levels of Protein Comparison

* Amino Acid Sequence ldentity

* Protein Structure (NMR, X-Ray)

* Protein Structure/Function
Relationship - MIF
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Comparing Molecular Interaction
Fields

M

M

. : comparing interaction
comparing interactions fields:

* Charge distribution
 Potential
» Shape

Protein-ligand

Protein-protein
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PIPSA: -
Protein Interaction Property Similarity
Analysis

Protein 1 Protein 2
* Interaction fields are calculated on a set of points

* Field values on corresponding points are
compared

« @ = electrostatic potential, shape, probe
interaction field, ...
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PIPSA: Protein Interaction Property
Similarity Analysis
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Wade et al., PNAS, 1998; Blomberg et al. Proteins 1999; De Rienzo et al.
Protein Sci. 2000; Wade et al. Intl. J. Quant. Chem. 2001
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Continuum Electrostatics

Linearized Poisson-Boltzmann equation
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Finite-difference
Numerical solution

7
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WW domain/peptide complexes

Binding specificity and affinity determinants?

Complex of the YAP6SWW domain
and a proline rich peptide

WW domain peptide
binding preferences:

_onaiill

xPPx(Y/poY)
*(p/®)P(p,g)PpR
*(p/®)PPRgpPp
‘PPLPp

ps:  *(p/W)PPPPP
*(poS/poT)P

Otte et al. (2003) Protein Sci. 12, 491

Macias et al, Nature 382,646—-649 (1996)
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42 WW Domains:
PIPSA epogram for Molecular electrostatic potential
isopotential contours: -0.4 / +0.4 kcal/mol/e

L-244NNS
PRELL
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PH domains - distribution in
electrostatic potential similarity

space

Eigenvecior 2

Distribution
for DH-linked
and internal
PH repeat
domains

C o2

Eigenvecior 1
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Ubiquitination Machinery

2
M Ub El + ATP

(activation)

Mono ubiquitination

4} 4 - endocytosis
. - histone modification

ro (epigenetic code)
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Multi-ubiquitination

- K48 linked chains: proteasomal
degradation (cell-cycle, apoptosis
...)

- K63 linked: postreplicative DNA
repair



A Samble Of E2 potentials

»

ScUbc8 ScUbc3/CDC34 ScUbc2/RADG6
Histone ubiquitination /7 vitro Histone ubiquitination /77 vivo
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Scubc9 ScUbc4 ScUbc7 ScuUbcb

SUMO General Endoplasmic Reticulum
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196 E2 proteins:
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Phylogenetic tree (sequence) Epogram (electrostatic potential)
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Epogram: Selected E2 enzymes
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1600 E2 proteins:
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Epogram (electrostatic potential)

Zahran M. Thesis (2006)
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Query proteins by electrostatic
similiari
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PIPSA
for
DHFR
from 20
species

NADPH
binding region

DHF
binding region
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human (1u72) C. albicans (1aoe)
DHFR template DHFR template

%ﬂ__JﬁEEEEEi??E% 5555 LT orotein

Rattus norvegious
Mus musculis
Homo sapiens
Bﬂat.msi?;
Sus scrofa
Galus gallus
The mariima
Salmonalla typ himurium
Eschenchia coll
Saccharomyces cerevisias
Candida albicans
Pneumocystis carini
Glycine max

Daucus canota
Neissui;g_:lmﬁm .
Mycobacterium tuberculosis
Heficdhis vire soans
Lactobacllus casei
Crithidia fasiculata
Leishmania major

DHF

Henrich et al, ChemMedChem (2007)



Structural modeling issues

Crystal structures: 1u72 (human; blue) and 1rh3 (E. coli; red),
Modelled Leishmania major DHFR (P07382) structures:
1u72-based (light blue) and 1rh3-based (orange)

cofactor, NADPH (green); inhibitor, methotrexate (cyan)
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webPIPSA:

webPIPSA:
pipsa.eml.org
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Cupredoxin electron transfer rate
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Cupredoxin electron transfer rate
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plastocyanin/cytochrome f PIPSA: electrostatic potential

De Rienzo et al, Biophys J. (2001) 81, 3090-3104,
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Bridging from molecular
simulation to biochemical
hetworks:

Biochemical network simulation

S ook, 11,0, Jper -k feol] |
9 rcotn=k, -[0, Jipera+] V\ﬂﬂmﬂﬂm /
dt A

Simulations
show
oscillations

Observed oscillation
of cellular metabolite
concentrations

Structure-based molecular simulation
using electrostatic interactions

Stein, Gabdoulline, Wade Curr. Op. Struct. Biol. (2007) 17, 166-172
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Similarity-Based Estimate of Kinetic
Constants

measurement measurement
@ condition 1 @ condition 2

kinetic constant 2

= e
4 3

kinetic constant 1

N
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Yeast@35°C

kinetic constant 3

l Human@37°C

metabolic network simulations @ condition 3
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SimilaritY-Based Estimate of Kinetic
Constants

measurement measurement
@ condition 1 @ condition 2
! 3D model 1 || 3D model 2 |
kinetic constant 1 kinetic constant 2
Yeast@35°C 3D model 3 Cow@5°C

. kinetic constant 3

l Human@37°C

metabolic network simulations @ condition 3
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Example qPIPSA: Hexokinases
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3. Choice of Appropriate 2. Multiple Sequence Alignment
Template
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Example gPIPSA: Hexokinases

4. Comparative Protein Structural 6. PIPSA
Modelling and Assessment

Z. mobilis
Asp. niger
??u - ‘Q\“ H. sapiens
g \S 8 R. norvegicus
St. mutans

H. polymorpha
—E, ¢oli

— S. cerevisiae

E. coli Z. mobilis H. sapiens R. norvegicus

7. qPIPSA rate estimation

Asp.niger S.cerevisae St mutans H. polymorpha

10 A
i s 8 ©
5. Calculation of E.Coli hexokinase: N S I B
Interaction Fields L, e LS S| H
Brenda: Exptal values: [ S S S & =
0.15-0.78mM 4&%\ Q}\&'Z} \\@6‘ < {(\0&6@ oo'\\ 000\)6 Q\@{\fo Q:;)\
. & .
0.076mM (Raines & Qgﬁ‘% VQ,«Q VQQ"’ @@0 QQ\OC’ QQoéb
Millar (2004)) >
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Acetylcholinesterase mutants:
Inhibitor (TFK+) Substrate (ACTh)
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AChE - Computation of TFK+ k_,
for nine mutants

Correct modelling of protonation states is critical !

a) ' ' (b}

'II_'fIII:':I 1-

'IDH l

II','I1E : L

D_n
L]
L]
L
L]
&
]
&
L]
L
L
—_

P
E . E .
= : " = ’
& 2 B L
f 10'0 = 1010 | /
£ pKa ~ 9 1 E202 unprotonated
= L=
1] [l .
& & H447 singly protonated at Ne
102 E202 protonated : 109 DTMWE2020 :
H447 doubly protonated
10" 10" 10" 1010 T 10'%
Experimental k,, (M 'min) Experimental k., (M "'min')

pH 7: Based on WT and one mutant D74N/D280V/D283N
(0.31 £ 0.02) 10" M- min-! Radic et al. JBC 1997.
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AChE - Computation of TFK+ k_,
for nine Mutants

Carefully check literature values!

. — (a} - - (o)

10'2 b o 1012 _ -

: 0.31 10" M- min-t _*
L 3 ]
& L ]

2 o1 ] - 10" l :
E k E . _
= : . = “«— o Literature
g o0 | _;5 110 E2020 |
2 a2
] L u
= ° 3.1%+0.210"" M-! min-1
o 8 a 8

10 10 D74N/E202Q

L3
10" 10" 10" 10'? T 10'%
Experimental k,, (M 'min) Experimental k., (M "'min')

pH 7: Based on WT (9.8 £ 0.04) 10" M-1 min-1 )and one mutant
D74N/D280V/D283N (0.31 £0.02) 10" M- min-' Radic et al. JBC 1997.
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Superoxide dismutase:
lonic strength, pH and species dependence of k /K,

1.4 1 1 1 1 1 1 1
In(k, /k,) ~ ol |
a'Z(cDa_cDb)/Zl Lé’ 1} i
R R I=
2
R: <10 A from E'- 0.8 I |
catalytic Cu s 06 ]
3
E 0.4 -
y=0.45"x ° 02t .
(Rcoeff:0.97) 8 oL i
o pH=7.7, 1=20mM, Bovine
= -0.2 .
_ a
lonic strength 04 - _ il
only: ® Photobacterium
. * _0.6 1 1 1 1 1 1 1
y=0.3"x 4 05 0 05 1 15 2 25 3
(Rcoeff:0.99) Difference in In(kon )
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Triose Phosphate Isomerase

T. brucei *40/55% sequence identity/homology
: *same fold

every similar active site

factor of 3 difference in kcat/Km

12 species:
Giardia lambili
Spinach
Chicken

E. coli
Human

L. mexicana
P. falciparum
Rabbit

T. brucei

T. cruzi

V. marinus

V.marinus Yeast
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Triose Phosphate Isomerase

-1e-1
kcat/Km (M S ) K_(mM)
In(ka / kb) - TPI1_GIALA
a'Z(cDa _(Db)/zl
R R _— o
s | TPIS _RABIT ks ;
o @
a a
:
] o.§
# TPIS_TRY*
1 7 1
Experim;r?tal Experimental

Predictions for 10 TPIs for the substrate glyceraldehyde-3-
phosphate based on experimental measurements for the two TPIs
from V. marinus (TPIS_VIBMA) and P. falciparum (TPIS_PLAFA)

1 In unit increase is related to ca. 1.59 1 In unit decrease is related to ca. 0.85
kcal/mol/e increase of av. elec. pot. kcal/mol/e increase of av. elec. pot.
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Triose Phosphate Isomerase:
Different Sites of Action

k... /K

cat m

Electrostatic
potential
conservation

blue — red

better predictions/conservation
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SYca =
E Query | %
database |

Y

SYCAMORE:
Systems T ——
biology's e |
Computational "™ .

completeness .-

Analysis and |
. Missing parameter
ted on the basi
M O d e I I n g Cmﬁ?it?uc?t?ral 3at25|5

Research ,

Completed model

Environment
Syca m O re " e m I . O rg Fig 1: Example of using the awmr\:cgnﬁ;hm;gnng and simulating glycolysis in

hepatocytes. First, the database is queried and the relevant kinetic data selected. Then the SBML model file is created. This is
checked for completeness (this is not implemented for automatic use yet). A missing parameter (here we asume Km for
glucokinase to be missing) is then computed using structural data. Finally, the completed model is simulated.
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Questions: pipsa.eml.org

What are the binding properties of a set of structurally

related proteins?
¢ Classification w.r.t. binding properties
¢ Detection of similiarities/differences, e.g. for design of

selective agents
¢ l|dentification of regions of similarity/difference

PIPSA

If experimental data on binding affinities or kinetics of
a ligand are available for 1 or several proteins, can
this be used to estimate values for a similar protein of
interest?
¢ Correlate properties from protein structures with binding and
Kinetic data.

gPIPSA
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