Enzyme Engineering

10. Softwares for protein engineering
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Protein structure

OProtein structure validation: Ramachandran plot
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Protein structure

O How to predict
protein structure?

v Experimental
 X-ray crystallography
* NMR

v Simulational
« Comparative method
* Threading method
* Ab initio method

fe moxdeling

VT

% Sequence identity

[
[=]

Thraading

de nove prediction

100

=

Insignificant saqueance similarity

=
Q
o
i
=
2
2
L
=
]
]
.
=

APPLICATIONS
Etudying catalylic

e Fusnism

Designing and mproving
ligands

Cocking of macromolecules,
prediztion of protein pariners

Wirtual soroening and
docking of small ligancs

Dafining antibody epliopes

Malecul i Ein
K-ray eryslallogr aphy

Designing chimearas, stabda,
eryeinliizable varisnts

Supporting sihe-directed
mulaganeals

Refining ¥MA struciures

Fitting imo low-resolution
slociron density

Struciure from sparke
exparimeninl resiralnis

Funsilonal relalionships
Trom structural similanty

ldentitying patchas of
congersad surface msiducs

Firding functional sites by
20 malil searching




Protein structure

O Experimental

v’ X-ray crystallography
* No size limitation
» Single structure

v  NMR

e Structure determination from chemical shift
* Multiple ensemble structures
* less than 300 a.a

pm.

o
1
2
3%
4
]
&

s T e ) T T
1w 5 & 7 6 5 4 8 z 1 0 -1  ppm

Determination of Protein Crystal Structure

Subcloning

!

Expression

|

Purification

!

Crystallization: Hanging Drop with Protein

Reservoir with Precipitant

'
v

AN ()
Xoray crystal

diffraction

detector

refinement
modeling




Protein structure

O Simulational

v" Ab initio method

* Ab initio = “from the beginning”; in strictest sense uses first principle,
not information about other protein structure

* Size limitation : less than 50~60 a.a

* expensive computing time

» Good for finding new fold structure

* Not exact method for already existed fold structure
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Protein structure

O Simulational

v" Homology modeling

« Comparative protein modeling
* Knowledge — based modeling
 Extrapolation of the structure for a new sequence (target) form the

known 3D structure of related family members (template)
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Protein structure

O Simulational

v Threading method (Folding recognition)

» Find a compatible fold for a given sequence

* Take all possible segments from all PDB structures, “Thread” a target
sequence through all conformations and compute some energy value

» Lowest energy conformations are predicted conformations for that

segment
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Protein structure

O PDB growth in new fold
PDB Growth in New Folds
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Protein modeling

O Protein modeling

v How can we use computation methods to analyze, design, or
predict protein structures and sequences?

v' How can we predict the motion of a given protein structure?
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Protein modeling

O Major components of protein modeling
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Protein modeling

O Power of computation methods

Computational Chemistry
Wide Range of Methods with Different Strengths
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Molecular Semi-Empirical ab initio
Mechanics Q1antum Mechanics  Quantum Mechanics
100,000 atoms 1000 atoms 100 atoms
Use Empirically-Derived Solve Approximate Solve Exact
Potential Function Schrodinger Equation Schrodinger Equation
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Empirical Parameters Needed Computationally Demanding



Protein modeling

O Software for protein modeling

v" Ab initio method : ACES, CADPAC, Gaussian, MOLPRO...
v' Semi-empirical method : CNDO, MNDO, NNDO...

v Empirical method : AMBER, CAChe, CHARMM, GROMOS, X-PLOR



Protein modeling

O Protein folding landscape
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Protein modeling

O Protein folding : global minimal

v Energy minimization is frequently used to find out global minimal state of
protein, especially mutant protein.

v But there are many local minima, so energy function should be accurate to find
out global minima among them.
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Protein modeling

O Protein folding : Energy function

v" To predict exact protein structures, more exact energy function is needed.
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Protein modeling

O Molecular dynamics

v Cvff : peptide, protein

v AMBER : protein, DNA

v CHARMM : large macromolecules
v ECEPP : peptide, protein

v Merck : organic molecules

V...

= FF is dependant upon the kind of target molecules.



Protein modeling

O Protein motion : Molecular dynamics
v Molecular dynamics can show how the protein will move.

v" Protein motion can give much more information on protein function rather

than static 3D structure.

Relevant time scales

Bond Isomeris- Water Helix Fastest typical slow
vibration ation dynamics forms folders folders folders
10,15 10-12 109 10-6 1672 100
fen*n pico nano micro T milli secongds
MD long where we where we'd
step MD run need to be love to be

v Femtosecond timesteps

v Need to simulate micro to milliesceonds



Protein modeling

O Protein motion : Water dynamics
v Water is important for the biological phenomena.

v But it is difficult to reflect exact water dynamics.

Microscopic treatment Macroscopic treatment

Explicit model Implicit model



Protein modeling

O Softwares for protein modeling

Visualization

Protein-ligand

Protein structure . .
Interaction




Protein modeling

O Softwares for visualization

v Pymol: http://pymol.sourceforge.net
v Swiss-PdbViwer: http://spdbv.vital-it.ch
v' Ds visualizer: http://accelrys.com

v' Protein explorer: http:// proteinexplorer.org

V...



Protein modeling
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Protein modeling

O Softwares for structure prediction

v Scwrl 4.0: http://dunbrack.fccc.edu/scwrl4/SCWRL4.php
v Swiss Model: http://swissmodel.expasy.org

v RosettaDesign: http://rosettadesign.med.unc.edu

v FoldX: http://foldx.crg.es

V...



Protein modeling
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RosetiaDesign

Welcome to the RosettaDesign
web server.

H osettaDesign identifies low

energy sequences for
specified protein backbones,
and has been used previously to
stabilize proteins and create
new protein structures.

Please login to begin using
RosettaDesign.

-8~ @ v Pagew Safety~ Tools~ i~ ‘
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Crystal structure of top? -- A novel protein structure created with

RosettaDesign

Pt

BIOZENTRUM
Swiss Institute of
Bicinfarmatics
SWISS-MODEL is a fully automated protein
) structure homaology-modeling server, accessible
myWorkspace

Automated Mode

via the ExPASy web server, or fram the program
DeepView (3wiss Pdb-Viewer). The purpose of this

server is to make Protein Medelling accessible to

Alignment Mode

all biochemists and malecular biologists

WorldWide.

Project Mode

Tools

Template Idenfification

Domain Annotation

Structure Assessment

Template Library

Repository J
Search by Seguence

Search by AC

T

SWISS-MODEL Workspace
SWISS-MODEL Repositary
Structures & Models

Helpdesk

foldcrg.es

What's new?

Mew autemated modeling pipeline with
improved hierarchical approach for
template selection.

Increased sensitivity of template detection
(sequence ta profile search using an
adapted HHSearch protocol)

MNew teols for model and structure quality
assessment Dfire and Gmean global
scores; ProQres residue based
assessment scores

SWISS-MODEL

SWIiSS-MODEL Team

Torsten Schwede: Project Leader

Florian Kiefer. SWISS-MODEL Repaository
Lorenza Bordali: Method Development and user

support
Konstantin Arnold:  SWISS-MODEL Warkspace

References:
‘When you publish or report results using SWISS-
MODEL, please cite the relevant publications.

« Amold K., Bordali L., Kopp J., and Schwede
T. (2008). The SWISS-MODEL Workspace
Aweb-based environment for protein
structure homoloegy modelling
Bioinformatics, 22,195-201.

Kiefer F, Arnold K, Kunzli M, Bordoli L,
Schwede T {2009). The SWISS-MODEL
Repaository and associated resources.
Nucleic Acids Research. 37, D387-D392
Peitsch, M. C. (1995 Protein modeling by E-
mail Bio/Technology 13: 658-860.
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The predictive power of FOLDEF has been

computer
algorithm, FoldX to provide a fast and
quantitative estimation of the importance
of the interactions contributing to the
stability of proteins and

force field for energy calculations and protein desig!
FoldX

News
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the structure of the proteins.

Brix: Fragmenting the
protein space

ngo : A computer algorithm
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[ o]

The different energy terms taken into
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Protein modeling

O Softwares for protein-ligand interaction

v GRAMM-X :
http://vakser.bioinformatics.ku.edu/resources/gramm/grammx

v ZDOCK: http://zdock.bu.edu

v Autodock: http://autodock.scripps.edu/

V...



Protein modeling

Vakser Lab

GRAMM-X Protein Docking Web Server v.1.2.0

This is the Web interface to our current protein docking software made available to the public. This software is
different from the original GRAMM, except that both packages use FFT for the global search of the best rigid body m Zlab He' p CO ntaCt
conformations.
You can submit input files and parameters to this web server and the docking U@Qad file 1: | Browse..,
simulation will be run on our computer cluster.
Upload file 2: Browse..
When the results are ready, they will be saved in a temporary directory on the web server and the link to that
directory will be sent to you. Enter your email:
Please, read the Conditions of Use before proceeding. | Submit
Questions
Send questions or comments to =Andrey Tovchigrechka.
Start new GRAMM-X simulation First time using this server? Try the tutorial.
Main Input
Receptor PDB file = | h Tt H I B
Select the PDB fle on your computer to use as the receptor, This file wil be uploaded to our server. Note: Please refrain from submitting more than approximately 10 jobs per day
' | e as this can back up the server and prevent other users' jobs from running.
Chain Ids of the Receptor
Spedify chain id’s for the receptor as one or several letters. Examples: LH - chains L and H; C - chain C; leaving this field AVERAGE WAIT TIME IS: 01:26:35 (HH:MM:55)

emptv will mean to use all chains from the receptor file.

% AutoDock

forum wiki contact

Respancn
InstiTuTe

2
f

William
Lindstrom

Halliday

;
Dcontact

What is AutoDock?

Integrase Inhibitor

AutoDock is a suite of automated docking tools. It is 2007-12-07




Protein modeling

O Software for molecular dynamics

v Gromacs : http://www.gromacs.org
GROMACS iim= __

Recent pages = Page last modified 22:39, 12 Oct 2009 by £
gzngacs Print  Morew @

itations S in - B
Benchmarks L

About Gromacs
Gromacs Y Page Notificz

ma] @Gromacs

B Gromcs QUICK LINKS: BINARIES SEARCH THE MAILING LIST ONLINE MANUAL & SOURCE CODE ACCESS
P About Gromacs
Developer Zone NEWS
[ Docomentation
i Downloads
29 Sep 2009
Support

All information from the old wiki site has been moved and reorganized here. Users might find the How-tos and Terminclogy sections most useful, while developers should check the information
available at the Programming Guide section. ¥*% Many of the pages contain broken links to the old wiki. Please, if you have time, update them to point to the corresponding pages on
current site. Thank you for the help! Send an email *’ if you want to be registered as a contributor., *#*

This site uses the Mindtouch & wiki engine. It has a very easy and intuitive editor (it shows up when you click on "Edit Page"). Contributors can have a look at the Mindtouch User Guide &.

Now It is possible to search the mailng list archives. Currently:

Only the [gmx-users] mailng list is being indexed.

« The index is updated every & hours.

The results of the mailing list search are sorted by the relevance score of the search.

* The input is parsed and search is done for any matching word. Use " " to search for a phrase.

The results are displayed in descending order of the date. You can change the sorting by clicking on the column names.
* The contents column displays the beginning of the email.

Using the "Find" form present on every page of the site searches only this site, not the mailing lists.

The News section was moved as a front page. Often accessed quick links can be found at the top.



Protein modeling

O How do we use this computation method?
. Case studies

v" Design of protein for increasing stability
v Redesign of protein-ligand interactions

v" Investigation on protein dynamics in organic solvents

v



Protein modeling
O Redesign of protein for increasing stability
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Protein modeling

O Redesign of protein to enzyme

v' Computational design of a biologically active enzyme : Science , 304, 1967-
1971

Comparison TIM (Triose phosphate isomerase) with RBP



Protein modeling
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Protein modeling

O Investigation on protein dynamics in organic solvents

Octane

v Hydration of enzyme in nonaqueous media is consistent with solvent

dependence of its activity : Biophysical Journal 87, 812-821

0.6

0.4

0.

0.4

0.6

Al

j0og 2000 3000

time |[ps)

of hydration walers

-4}

Mumb



Protein Function

/- Rational Protein Design \ /- Directed Evolution -\.
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Protein stability

O Rational/computational design vs Directed evolution
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