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Why are we interested?

/

Function is related to the structurew

» Understand biological processes (DNA, RNS,
enzymes, hormones, receptors)

e Diseases
* Drug design, protein — drug interactions




“Protein structure is the three-dimensional
arrangement of atoms in a protein molecule”
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How to find a specific structure?

> Database

> \Wordwide Protein Data Bank (wwPDB
> 3 entries: e

- I" [P An Information Portal to
L) 99122 Biological Search by PDB ID, author, macromolectle, sequence, or ligands

PROTEIN DATA BANK Macromolecular Structures

Advanced Search | Browse by Annotations
> o e ool
-

This resource is powered by the Protein Data Bank archive - information about

the 3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and all aspects of d I
l ~ . E
9 P D B a p a I l ™ Deposit from protein synthesis to heath and disease.

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.
Q Ssearch

- Analyze - Download - Leam ~ More

The RCSB FDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational

Edl Visualize biology, and beyond.
Use this website to access curated and integrated biological macromolecular
9 Analyze information in the context of function, biological processes, evolution, pathways,
and disease states.

# Download

W Leam

> Easy to use

Publications ~

See August 2014 Release Features

Comparison Tool for
Exploring Sequence
and Structure
Alignments

Visualize pairwise
sequence and structure
alignments using
different methods

New Top Bar Menu
Providing More Space to Users

> Search by name,

Gene View
Gene Structure and Mapping to

PDB Enries for Human Genes

" " ‘ ’ = 10121/14

9 Protein Feature View Upcoming Meeting: SACNAS » 10/14/14
ANWO | POB Entry | Enhanced with New Information

Fall Newsletter Published » 10/07/14

Crystal structure of antibiotic GEB2832

bound to 705 ribosome Ramachandran Plots woniswi o InClusion of Large Structures in
= ° "

\ Enhancing Protsin Structure S@PDEB the Main PDB Archive

Validation = 0918/14
n n
L4 wwPDB Events at IUCr (August 5-12) - 08r01/74
> ell maintaine
Factar Imoroved Renresentation of Lare Stuuciures in the,

PDB ataGlance 34005 Distinct Protein

'z

View in 8D

]

of Human | 7301 Nucleic Acid Containing Structures More Statistics

About  AboutUs | CitingUs | Publications | Team | Careers | Usage& Privacy The RCSB PDB ( citation) is managed by two members of the
Research Gollaboratory for Structural Bioinformatics:
Help  ContactUs | HelpSystem | Website FAQ | BrowserTest | Glossary
RUTGERS  UCSanDiego

The RCSB PDB Is funded by a grant from the National Science Foundation, the National Institutes of Health, and the US Department of Energ

RCSB Partners  EMDataBank | Nucleic Acid Database | Structural Biclogy Knowledgebase

RGCSB PDB is a member of the & IS ES MDiblaak




Yearly Growth of Total Structures

number of structures can be viewed by hovering mouse over the bar

Number
0 25,000 50,000 75,000 100,000 125,000




Where do these structures come from?

- R
Most structures are solved by
- x-ray crystallography (86%)
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Molecular Cell Biology, Sixth Edition
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Where do these structures come from?

‘Most structures are solved by
~ x-ray crystallography (86%)

~

/

refinement

crystal

diffraction
pattern

electron
density map

atomic
model

Short wavelength (ca. 1.5 A), so we can
measure the distance between atoms

Brag equation

The output is an electron density
Crystallization artefacts

Not physiological

Hydrogens are not visible




'H-NMR (Proton Nuclear Magnetic Resonance)
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purified, labeled protein NMR spectrometer _ resonance assignment and protein structure
internuclear distance measurement
* Solution
r : | * Usually a crowd of structures that fulfill the
Some with NMRW
constrains
(13%)

Only small molecules ( > 35kDa)

Less accurate

Can be used on flexible proteins



TEM (Transmission Electron Microscopy)

« Capable of creating sub angstrom resolution

Very little by electron images

microscopy (1 %) « Until recently it was unable to work with
biological samples

e Two techniques emerged which can deal with

biological samples
Problems with biological samples

« EM is done in high vacuum

« Samples needs to be radiation
resistant

* N, O, C (typical biological atoms)
have the same EM scatter as water

(usual solution)

500 micrometers



Negative Staining

_ « Sample is embedded with a heavy salt
Cryo EM (usually uranium)
. - - » Dried to a thick layer in low
Normal solution of the protein concentration
IS used
e Solution is quickly frozen This technique can overcome all three

limitations, but the protein can lose its

« Water cannot form a crystal structure due to the drying

— vitrified water

Cer)
Vacuum resistance v —
Radiation resistance v g

N
ContraSt x Prepare sample Freezegrid Collectimages

https://www.ibiology.org/ibiosemin
ars/techniques/eva-nogales-part-
1.html image processing reconstruction structural analysis Model




Number of structures
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How to find a structure?

In the PDB each atomic coordinate file has a unique ID which contains 4
specific characters First is always a number, a followed by 3 characters that
can be either letters or numbers.

F.e.:

* 1mbn - The very first structure from 1973, the myoglobin

* 1tna - Form 1975 yeast phenylalanine transfer RNS, the first RNS structure

* 1bna - The first DNA double helix solved in 1980 with X-ray, (confirmation of the
Watson & Crick modell from 1953).

» 2hhd - human hemoglobin, (deoxy form)

* 9ins - insulin
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The .pdb file format
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The .pdb file format

Atomic Coordinates: PDB Format

Chain name

Amino Acid / Sequence Number
\ / /
Element \ / /' —=———- Coordinates-----
\ \ / / X Y Z
ATOM l1 N ASP L 1 4.060 7.307 5.186
ATOM 2 CA ASP L 1 4.042 7.776 6.553
ATOM 3 cC ASP L 1 2.668 8.426 6.644
ATOM 4 O ASP L 1 1.987 8.438 5.606
ATOM 5 CB ASP L 1 5.090 8.827 6.797
ATOM 6 CG ASP L 1 6.338 8.761 5.929
ATOM 7 OD1 ASP L 1 6.576 9.758 5.241
ATOM 8 O0OD2 ASP L 1 7.065 7.759 5.948
A\

Element position within amino acid



Model

The model obtained with NMR or X-ray is not a direct one. Through the
measurement we derive the model from a collection of data (NMR spectrum or
diffraction pattern).




Resolturion

* Indicates how much can we trust in
a position of specific atom

Low: <3.0A
Average: 1.8-3.0A
Good: 1.0 - 1.8A
Atomic: >1.0A

The resolution varies through the
structure!

= astex



Resolution

Resolution Meaning

0.5-15 | Ingeneral,structures have almost no errors at this resolution.
Structures used for Rotamer libraries and geometry studies.

15-2.0 | Fewresidues have wrong rotamer. Many small errors can
normally be detected. Folds are extremely rarely incorrect.

3.0-4.0 |Foldpossibly correct, but errors are very likely. Many
sidechains placed with wrong rotamer.

>4.0 Individual coordinates meaningless




How good is a structure?

How much is the resolution of the collected data? (In case of
X-ray)

R-factor/FreeR-factor (X-ray)
How well does the data fit to the experimental mesurements?

There is no standard for NMR structures

Ramachandran Plot
Geometry and stereo-chemistry

How similar are these to good known structures



Metric Percentile Ranks Value

Rfree I 0.189
Clashscore N [ I
Ramachandran outliers IEEEE 0
Sidechain outliers NN [ D 4%
RSRZ outliers I 0
Worse Better

0 Percentile relative to all X-ray structures

[ percentile relative to X-ray structures of similar resolution

Metric Percentile Ranks Value
Clashscore I N 44
Ramachandran outliers | N 6.2%
Sidechain outliers l N 9.2%
RSRZ outliers I I T 0.6%
Worse Better

I Percentile relative to all X-ray structures

[ Percentile relative to X-ray structures of similar resolution



Conformation of the backbone

1 C-terminalis

N-terminélis___.

5 g
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J\W% -9
The bonds in the backbone of the
peptide chain may only have some

O - specific (@, ) torsion angles.
N\ These constrains creates specific
preferred conformations.
N
W i»\‘l’



Ramachandran plot

« Using the @, Y angles we can
evaluate a structure
« Each secondary structure has a

distinct region

e Glycines and prolines are not
represented, they have special

conformational preferences

180




Asymmetric Unit
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Biclogical assembly composed of one copy of the asymmetric unit Biclogical assembly composed of multiple copies of the asymmetric
unit

In entry Zhhb, the biclegical assembly is equivalent to the asymmetric unit.

Mo operaticns are necessary.

In entry 1hheo the biclogical assembly includes two asymmetric units.

Application of a crystallographic symmetry operaticn (a 180 rotation around
a crystallographic two-fold axis) produces the complete biological assembly.

PISA

Multiple bioclogical assemblies in the asymmetric unit

In entry 1hv4 the biclogical assembly is one-half of the asymmetric unit.

The entry contains twe structurally similar, but not entirely identical copies of
the biclogical assembly within the crystal asymmetric unit.



Visualization of structures

1. PDB file

4. Picture of a
molecule

2. Program for visualization

F.E.: Rasmol, Pymol, Chimera,
VMD, Jmol, Swiss PDB viewer



Why Chimera?

Free licenses
Well maintained
Intuitive

Not just for visualization

http://www.cgl.ucsf.edu/chimera/



How similar are two
structures?

Superposition: Minimizing the distance of positions



Root Mean Square Deviation
(RMSD): RMSD —

1
| \ N :
The most common function used
to measure structural similarity

RMSD is the average distance
between equivalent atoms of
superimposed proteins
(generally Ca).




Structural alignment

What are the equivalent positions?
- If the sequences are alike we can use that

- In case of low sequence identity we can use the structure

RMSD depends on the equivalent positions

Linker regions may cause problems



3chy :
2fox_:

3chy :
2fox_:

MatchMaker: Structure Alignment (Chimera)

Constructs a pairwise sequence alignments as a guide to
superimpose the structures.

. Improves the sequence alignment using a scoring matrix

that can include residue similarity, secondary structure
and gap penalties.

. Structural Fitting using one point per residue: CA atoms in

amino acids and C4' atoms in nucleic acids.

KBCCDDDDFBF

] ; A
-=-DDDDFKO 1 a - )&V
LM- - LMMMMMMMMPMKLMMP 4{?
LPACFKLMMMMMMMMMMMMGHIA ?




Rotamers

yo
Rotamers are usually defined as W
S

low energy side-chain conformation

Rotamer libraries 1
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