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Background

 Change of refractive index of antibody
antigen solution upon antigen binding
- related to dielectric constant
- related to polarization of solution

« Change of polarization due to antigen
binding
- calculation of molecular polarizability

» response to external electric field
- electronic, atomic, orientation

* Not included in current molecular
mechanics force fields
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Relation of refractive index to dieletcric constant

and polarization
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Dielectrics

relative permittivity
relative permeability ~1

Dielectric constant Polarizability
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From electronic polarization to
molecular polarizability

Induced dipole

moment N
Polarizability | | * Point dipole model:
External field + field due to induced ¢ .
history
Hp =0 F =2, T gkl - Applequist: Basic
Dipole field model

- Thole: Modified to
avoid polarization

catastrophe
Relay matrix - Swart: Parametization
AF,whereAER_I:[o(_1+T]_1 for amino acids

:‘Z (Aij)

i,j=1

Molecular
polarizability
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« Coarse Graining (unit
properties form atomic ones)

e Molecule is divided into units

e Unit polarizability from atomic
polarizabilities

e Unit tensor placed in the “center of
polarizability” of each unit

e Protein residues
as unit
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Molecular polarizability using
point dipole model - validation
of implementation

e Test case

- Amino acid
polarizabilities

- Quantum
__ mechanics vs.
100 150 )50 100 150 200 point dipole
HF molpol_HF . .
approximation
- Good
correlation but

Nnot exact
values

]
100 150 % 50 100 150
molpol_HF molpol LDA
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Molecular polarizabilities
using coarse graining

e Atom based and
residue based
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Test set

e 19 protein and ligand and antibody
antigen complexes

e coordinates from PDB

Complex (PDB) size (atoms) Protein/AB size (atoms) Ligand/antigen size (atoms)
11kk 1153 P56-LCKSH2 1103 YEEI 50
LIkl 1140 P56-LCKSH2 1094 YEEG 46
lvac 4020 H-2KB 373 SINFEKL 89
2ptc 2692 B-trypsin 2088 BPTI
2tgp 2691 Trypsinogen 2087 BPTI
2vaa 4026 H-2KB 373 RGYVYQGL
2vab 4020 H-2KB 373 FAPGNYPAL

2AV 4393 cocaine-ab 4371 cocaine

2AK1 4379 cocaine-ab 4371 benzioc acid
3-HYDROXY-8-METHYL-8-AZA-

2AJ)Z 4384 cocaine 4371 BICYCLO[3.2.1]OCTANE-2-CARBOXYLIC
ACID METHYL ESTER (ECG)

2AJS 4394 cocaine 4371 %%?_’%Fz,g% 18-HEXAOXAICOSANE-1,20-
2CGR 4289 gas-ab 4255 GAS

1VFB 3578 D1.3 2252 Lysozyme

1C08 5508 Hyhel5 4187 Lysozyme

2MPA 4452 Meningitis-ab 4376 Meningitis

2VAB 4020 mhc-sv 3931 SendaiVirus

Outi Lampela UNIVERSITY of OULU Eﬁ
30.01.2009 OULUN YLIOFISTO £\




Residue based molecular
polarizabilities

e Dependence of
polarizability on
size (volume) of
the molecule

fi-. e Linear

= dependency

T breaks down at
£ small scale

- atom type and
conformation

20000 30000 40000

Volume (&%) dependent
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Molecular polarizability -
coarse graining and protein
dynamics

 Dependency of molecular
polarizability on conformation

e Residue based vs atomic calculation
e Correlation with structural changes

* Analysis of molecular polarizability
from molecular dynamics simulations
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Analysed proteins

Sterol carrier protein 2 « Phosphatic acid
like domain of human phosphatase
MFE-2 protein
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Molecular polarizability from

simulation of SCP2-like protein

 Molecular polarizability
and surface area

change in SCP2-|
t 4l “!Lﬁ"w ik iy M "ﬂu""'l*"r'{"lw WM.Wl’“ma" simulation
di

e Change of molecular
polarizability correlates
with initial
conformational change
in SCP2-

e Dependency of atom
positions
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molecular polarizabilities
protein residues
from simulation data

(e

Deviation of
average
polarizability
of each
sampled
conformation
from
simulation
average

Same in
different
porteins

Different
dynamics due
to location
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Comparison of dihedral angle and
molecular polarizability distributions
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Tryptophan conformations having
different polarizabilities

 Largest
deviations of
polarizabilities
- red and green

e “Peak”
polarizabilities
- blue and white
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Effect of unit definition on results of
coarse grained calculation of
molecular polarizability

 Dipeptides
divided into 2, 4,
and 8 units

e 2 units
corresponds to
residue based
coarse graining

e All atom is same
as one atom In
each group
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Effect of unit definition on results of
residue based calculation of
molecular polarizability

Deviation of unit
based average
molecular
polarizability
from atom based
average
molecular
polarizability of
different
dipeptides
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Examples of effect of unit definition

e Deviation of

unit based
3 polarizability
g from atom
; based
= polarizability
: for four
£ different
: dipeptides
& e Justification of

using residue
® LysLysl as
3 4 5 6 7 8 9 1 2 3 4 5 6 T 8 9 polarization

number of groups number of groups )
unit
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Conclusions

e Linear relationship between the
atomic and coarse-grained calculation
of molecular polarizability

« Atomic and coarse-grained based
calculations show same average
behavior altough variation on coarse-
grained values is bigger

 Molecular polarizability of protein
residues varies slightly according to
location In the protein structure
(allowed dynamics)
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