Lecture 1h

Introduction to Protein Structures -
Molecular Graphics Tool

Software Widely Used by Scientific Community

Sustained professional software development effort shipping
producis used by over 150,000 researchers/students worldwide
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VMD — A Tool to Think
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Biomolecular Modeling Requires Data
Processing with VMD
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Highlights of the VMD Molecular
Graphics Program

= = | XKD registered wsers
s Platforms:
— Unix / Linux
— Windows
— Mac5 X
=+ [Display of large hicmobecules
and simulation trajectorics
*  Sequence browsing and
structure highlighting
+  Muliple sequence - structure
analysis
*  Llser-gxtensible scripfing

interfaces for analysis and
cusbomization

The program is used today more for preparation and analysis
of modeling than for graphics

Key Features of VMD

v Gienesal JIF mokecalar visualization with extensive drawing nnd coloring methods
o Extensive ntom sehction symtax for choosing sizbsets of atoms for display

o Wisualization of dyremic molecular dotn

Visunlization of yolunetric datn

a Supports adl major moleculnr dota file formnss

» Mo limits on the number of moleculs ar trajectory frames, except avaslable memoery
s Molecular analysis commands

s Remdering Eiph-remelution, pablication-quality modecule mopes

s Movie moking cnpahbility

» Onilding and preparing systems. for malecwlar dynomics simulations

» Intesactive moxculnr dynamios simalations

= Extensicns to the Tel /Python scripting Innguages

Extensible soaree code written in C and C-++




Molecular Graphics Perspective of
Protein Structure and Function

see tutorial at hitpo/Swww ks gine edu/TrainingTuterials!

gnimation SEQUENCES struciure

Focus on two proteins

Ubiquitin (used tutorial)
Bovine Pancreatic Trypsin Inhibitor (BPTI,
available as a case study, www.ks.uiuc.edu)
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Ubiquitin
* 76 amino acids
* highly conserved
» covalently attaches to

proteins and tags them
for degradation

» other cell traficking

* Glycine at C-terminal attaches to the Lysine on
the protein by an isopeptide bond.

* it can attach to other ubiguitin
molecules and make a
polyubiguitin chain,

There are 7 conserved lysine residues

in ubiguitin. r

\

Two ubiguiting attached vogether through [Y'S 48,
LY'S &3 and LY'S 29 are also shown there.




Ubiquitination Pathway

Libiquitin-msadiated protain degradat=an
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Ubiquitin Functions
* tagging misfolded proteins to be degraded in

the proteasome (kiss of death). ;@ ﬁ
oy

* regulates key cellular processes such as cell o,

division, gene expression, ... ' ﬁ

A chain of at least four ubiquitins is needed to be B g radiing oe e

recognized by the protedsome.




Mono-ubiquitylation versus multi-ubiquitylation

Multifaceted. Ubiquitin can attach to its warious substrate proteins, either
simgly or in chains, and that in twm might determine what effect the ubiquitina-
tion has. (K29, K48, and Kb3 refer to the particular lysine amine acld used to
Lk the wiblguiting te sach ather.)

Memx, 1., Ubiquinn fves up s came, Sceence 297, 17920794 (2002}

Inspect ubiquitin with VMD




Basics of VMD
Loading a Molecule

Mew Molecule o

bt sl B mred s |

Basics of YMD

Rendering a

Current graphical Molecule
representation
v Belected Atoms
Draw style #
Coloring *




Basics of VMD

Change rendering style

CPK tube cartoon

Create Representation s —m
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VMD Scripting
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VMD Macros to Color Beta Strands

Use VMDD scripting features to color beta strands separately:

show hvdrogen bonds o moniter the mechanical stability of
ubiguitin
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Ubdguitin stretched between the C terminus and K48 does not fully extend!
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Discovering the Mechanical Properties of Ubiquitin
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Ubiguitin stretched between the C and the N termini extends fully!




Discover BPTI on your own!

bovine pancreatic trypsin inhibitor

« gmiall (58 amino acids)

* rigid

* binds as an inhibitor to Trypsin
(2 serine proteolyviic enzvime, that appears in digestive
system of mammalians.)

» Blocks its active site.,
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Mechanism af cleavage of peplides with serme profeases.
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[Tvpsin: A proteolytic enzyme that TER L
hydrolvzes peptide bonds on the L
carboxyl side of Arg or Lys. s s T




BPTI: A “standard mechanism” inhibitor BIPTI

* Binds to Trypsin as a substrate.

forms an acyl-enzyme inteomediate rapidly.

= Very little structural changes in trypsin or BPTL
several H-bonds between backbone of the two proteins thalz_gc

little reduction in conformational entropy = Binds tightly

* Remains uncleaved.

Iwdrolysis is 10" dmes slower than for other substrates

Structures of the protease " "
binding region, in the proteins of - ,'_,, ' B i
all 18 families of standard .o % M
mechanism inhibitors are similar. oot band

Why does Trypsin cleave BPTI so
slowly?

* Disruption of the non-covalent bonds in the tightly bonded

enzyme-inhibitor complex increases the energy of transition states
for bond cleavage.

« Water molecules do not have access to the active site, because of
the tight binding of Trypsin and BPTL

= After the cleavage of the active-site peptide

bond, the newly formed termini are held in .

close proximity, favoring reformation of the .. .7 . i
peptide bond. W "

* The rigidity of BPTI may also contribute by .
not allowing necessary atomic motions. ek st




Inspect BPTI with VMD in a Case Study
(there is also a ubiquitin case study)
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Electrostatic Potential Maps

New VMD features made
possible through GPU computing

= Electrostatic potentials
evaluated on 3-D lattice
* Applications include:
— lon placement For structure
building
— Time-averaged potentials for
simulation
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— Visualization and analysis
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Time-averaged Electrostatic Potential Calculation
for the Ribosome with VD

»  [Direct Coulomb summation
- 380,000 atoms

« 3 GPUs: 49 hours
« 3 CPUs: .23 vears (est.)

This was ane af Gur early resalls, asing the
it =GP direct Coulomb summation
algorithm, showing the benefit it gave at
the time, Now thatl e bave MM
{multilevel sammation] we wauld get muoch
Fastier pedrfarmance sinde i i & lnear-lims
algorithm, but we haven't vet re-run these
Tesls wiing MAM

Sinne et al. {2007 S Compe Chem 20261 8. 2040
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Photobiology of Vision and Photosynthesis

Investipations of the chromatophore, a photosynthetic organelle

Emactrostatcs needed to build ful Electrostetic fisdd of chromatophore madel
struciural model, place (ons, sbudy from multileve! ssemmation method:
MAacroscopic properties compubed with 3 GPUs in ~910 seconds,

Ay faster than single CPU core

Full chromatophore model will permit structural, chamical and kinetic
investigations at a structurzl systems biology leveal
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