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What is Molecular Modelling and Why?

Answer Biologically Relevant Questions

* Secondary Structure prediction

* Comparative or Homology modelling
* Threading, tertiary structure prediction
* Protein Simulation

* Docking

Protein-Protein
Protein-Ligand

* Drug Design LUDWIG
INSTITUTE
FOR.
RESEARCH
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Secondary Structure Prediction

Predict a-helix and (3-sheet regions in a protein sequence
H=Helix,
E=Extended ([3-sheet)
C=Caoil (no secondary structure - loop regions or random coil)

* Improved results by aligning a family of sequences, then
making predictions based on the sequence profile.
- similar sequences will have conserved secondary structure

eg PSlpred Jones, D. T. (1999) J. Mol. Biol. 292, 195-202
http://insulin.brunel.ac.uk/psipred/  (e-mail server)
- 70-80 % accuracy

« initially generates a psiBlast alignment & profile LUDWIG

INSTITUTE
FOR.
CANCER.
RESEARCH

Sample PSlpred output

conf : 1133393203233203703.01131333303333200700¢

pred: o> 5 i

Pred: CCHHCCCCEECCCCCCCCCCHHHHHHHHHHHHHCCCCEEE
AA: MQFHSSSALITPFKKDLSVDEAAYETLIKRQIFQGMDACV

10 20 30 40
PN = 1 e
Pred: > ] D—E

Pred: ECCCCCCCCCCCHHHHHHHHHHHHHHHCCCCHHCCCCCCE
AA: PVGTTGESATLTHKEHMRCIEIAIETCKNTKTPSNSRMKV
1 1 1 1

50 60 70 80
conf : 11713033333333333333333303333333333333 330
Pred: —A\
=) ) ___> <I:

Pred: EEECCCCCHHHHHHHHHHHHHCCCCEEEECCCCCCCCCHH
AA: LAGVGSNATSESLSLAKFAQKIGADAILCVSPYYNRPTQQ
! ! ! ! LUDWIG
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general fold

Homology/Comparative Modelling

* Protein with similar sequences tend to adopt the same

* Able to predict the structure of a given sequence based on
structural template with a similar sequence

* Provide functional predictions and explanations

* Typically requires > 25-30 % sequence identity

eg cytokine
receptors
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gp130

Cytokine
Receptor
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Structural Sequence Alignment of Cytokine Receptors

EK KNL-SCIVNE-GKEMRCE
AS SNL-SCLMHLTTNSLVCQ
GK -EIHKCRSPD-KETFTCW

E -KFTKCRSPE-RETFSCH ----ENSCYFNS
AARG EEL-LCFTER-LEDLVCF EEAASAGVG-PGNYSFSYQLE--------- -GAVRFWCSLPT
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Structural Alignment of Cytokine Receptors
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Thing are not always structurally conserved !

Comparative Modelling

Amino acid sequence

Template selection «

Sequence-Structure Alignment
multiple alignment, secondary structure, <
exposed/buried residues, conserved regions/features

\

Create Model (MODELLER)

\

Model Evaluation
LUDWIG
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3D Structure CANCER
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MODELLER

Sali, A. & Blundell, T.L. (1993) J. Mol. Biol. 234, 779-815
» Determines spatial restraints from the template(s).

* Produces a number of 3D models of your sequence, best
satisfying the template restraints.

* Conserved core residues are usually modelled well
* Loop regions are much more variable & difficult

* Loops are often functionally important

Be wary of web based modelling servers
If the sequence alignment is wrong, then so is the model!!
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Threading/Tertiary Structure Prediction

* Predict structure of sequence with no known homology

* Align unknown sequence with structure (rather than
sequence-sequence alignment)

* Use complex structure based energy scores rather than
BLOSUM or PAM matrices

Useful for genome annotation (structure may infer function)

*Major Caveat - novel folds, multiple domain proteins.
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genThreader
Jones, D. T. (1999) J. Mol. Biol. 287, 797-815.
http://insulin.brunel.ac.uk/psipred/

fast threading algorithm

3D-PSSM
Kelley, L.A. et al, (2000) J. Mol. Biol. 299, 499-520
http://www.bmm.icnet.uk/~3dpssm/

Threading & Tertiary Structure Prediction
Web Servers

3D position specific scoring matrices
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CERT
HIGH
MEDIUM
LOW
MARG
GUESS

= CERT 1.00
= CERT 1.00
CERT 1.00
=» GUESS 0.13
GUESS 0.10

Confidence levels:

> 99%
99%
90%
70%
40%
<40%

-76.2 -17.4 864.0 291
-73.9 -10.2 844.0 288

-368.0 -13.6 817.0 289
-170.2 7.1 23.0 275
-165.5 3.6 22.0 189

genTHREADER example

Conf  Prob Epair Esolv AlInSc Alen DLen Tlen PDB_ID

292
291
291
361
213

300 1dhpAO
300 1nal30
300 1nall0
300 1bt4A0
300 loroAO
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Protein Docking

Protein-Protein Docking

» Many structures of individual proteins, far fewer complexes
- Structural genomics projects

* Given the structure of two proteins, how do they interact?
- what residues are involved in the interaction, what are
the binding interfaces?

» Calculate interaction energies of many different orientations
» Score each orientation, predicting the best complex.

* Leads to hypothesis that can be tested - not reliable answers
with current methods - need biological data

LUDWIG
INSTITUTE
FOR.
CANCER.
RESEARCH

Protein Docking (2)

Protein-Ligand Docking
More advanced methods allow superior and more reliable results
- now being used for in silico screening

Considers H-bonds, electrostatics, hydrophobic interactions (burial)

Many biotech companies use these methods for drug
discovery/development
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G-CSF/G-CSF Receptor

G-CSF-R
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G-CSF Binding Sites
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Crystal G-CSF Receptor Complex

LUDWIG
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Aritomi, M. et al. (1999) Nature 401, 713-717 EoR

RESEARCH

gp130 viral I1L-6 complex

Side View
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Chow, D et al. (2001) Science 291, 2150-2155 BOR
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G-CSF-R

G-CSF-R

gp130-like

G-CSF Receptor Complexes

G-CSF-R

111
Aritomi

LUDWIG

human GCSFR
mouse GCSFR
cow GCSFR EST
pig GCSFR EST
mouse gpl30
rat gpl30
chick gpl30
xenopus gpl30
human gpl30

human GCSFR
mouse GCSFR
cow GCSFR EST
pig GCSFR EST
mouse gpl30
rat gpl30
chick gpl30
xenopus gpl30
human gpl30

G-CSF Receptor Ig Domain

A A’
TVHLGDPIJASCIIKQNCSHLD--PEPQILWRL-GAELQ
LGDPVLASCTISPNCSKLD--QQAKILWRLODEPIQ
SCIINRNCSHLG--TDWRVVWKL-EPELH
SCIINQNCTSLG--PESQIRWKL-DTELQ
ICVLKEACLQHYYVNASYIVWKT-NHAAV
TCVLKEKCLQVYSVNATYIVWKT-NHVAV
1.CILNESCLDFGNIYASQTI IWKM-KNKVI
YCVINQTCLRE---DASRIYWLV-KGVKV
VCVLKEKCMDYFHVNANY IVWKT-NHETI

EQCEHILLS
EECEBYISLP.
QLLEPCEYIYPE

D E

GRQORLSDGTQESII
DROHHLPDGTQESLI

RRQHLPNGTLQSTI
GRQOHLPNGTLQSTI

QVTVINR--TTSS
EQVTVINR--TASS
EQYREINR--TVSS
TQYEILNQ--TTSS
EQYTIINR--TASS

IFPDPGIVHGERP
IsPESBVVQLHSNE]

B ol

F

C C’

PHLNHSRVLLSCCLHW-
PHFNYSRALLSCCLHW-
TDVVLPSVQLTCNILSE
TDVVFQNVQLTCNILSF

TSSLASPLTCNVLAD
ENLTTLNSPLTCNVMAS

FTDTASLNIQOLTCNILT

PHLNHTQAFLSCCLNW-[NSL)
PHLNYTQAFLFCLVPW-EDS
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G-CSF Receptor Ig domain
Binding Residues

LUDWIG

Ig Domain Binding Surface Comparison

G-CSF-R gp130
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G-CSF Receptor Complexes —

Side View
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Layton, J.L, Hall, N.E. et al. (2001) J.Biol. Chem. 276, 36779-87 i
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