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At the end of this lecture, student shouldabée to
1. Understand the amino acid structures and their properties
2. Describe the details of protein structure from various visualization styles
3. Describe information that can be derived from a protein structure model
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1. Introducton to protein structure
1.1 Hierarchical organization and size of proteins
1.2 The 20 amino acid sidechains
2. Protein structure representation
2.1 PDB file format
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3.2 CryceElectron Microscopy
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4.2 Information derived from a PDB file of proteinustture.
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Analysis of Protein Structure
Dr. Duangrudee Tanramluk

Contents:
9 Introduction to protein structure

9 Protein structure representation
9 Techniques for protein structure determination
1

Information tha can be derived from proteitrgcture

Objectives:
At the end of this lecture, student should be able to

1. Describe the details of protein structure from various visualization styles
2. Understand the principle of protein structure determination method

3. Describe information that can be derived from a protein structure model.

Introduction

Proteins are essential biological moleculdsch play crucial rols in several cellular
processes.g.catalyzing chemical reactigntransporting small moleciudeserving as the sub
cellular structurs, reacting against foreign bodies, and regulating other proteins in response to

cellularenvironment.

The proteinstructure can be considered from several levidis. primary structure of a
protein composes of amiracid sequence which constitutes a polypeptide chain. Some region
of the polypeptide chain can form a local structure via series of hydrogen bonds from the
repeating backbone torsion angtegerred as the secondary structure. Combination of aever
of secondary structuregives rise to athree dimensional fold callethe tertiary structure
Within the fold space, common structural motifs and domains can be recognised. For many
proteins a larger organization called thgpaternarystructure is requiredof the protein
function. One can usie three dimensional structure aprotein to rationalize the molecular
interactionunderlyingits biological processfter obtaining the functional information from
biochemicalexperimentsSeveral tools have beenveéoped to visualize the three dimensional
structures and assist in molecular desigfith the advent of structural genomics, structural
biologistsare working orthe structure of all the proteins that a genome could produce without
knowing their function. Functional annotation becomean important step toward

characterization of cellular and physiological roles of gene products.
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Figurel Protein structure hierarch{taken fromBernhard RuppBiomolecular Crystallogiphy:
Principles, Practice, and Applications to StructuBiblogy(2010) Garland Scienge

Protein Structure Representation
Upon publishing the protein stiture in a scientific journagtructuralbiologist usually deposits

the structural data in eepasitory called the Protein Data Bank (PDBtp://www.pdb.org.

Each file in the PDB is given acharacter identification number (PDB ID) and has to conform

to a textual format called the PDB formatou can download the.{db) file and visualize
molecules in a molecular viewer (e.g. PynDiscovery Studip Figure 2 shows the ATOM
record which is a section of the PDB file that most molecular viewers can read in order to draw
atoms andonds.Notice that we can hardlpcate the position dfiydrogenatom. Therefore,

most of thestructure modelas builtwithout hydrogen atoms and hence we usually omitted
them in the PDB file.


http://www.pdb.org/
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ATOM/ Atom name Chain X Y VA occupancy

HETATM Atom ID Reame Resnumber Bfactor Element
F———+————1————+————2————+————3————+————4————+—I——5————+————6————+————?————+————8—
ATOM 581 W | GLUE 86 2.988 5.846 34.351 1.00 31.46 i)
ATOM 582 CA|GLUE 84 3.910 5.294 33.377 1.00 27.74 C
ATOM 583 C | GLUE 88 4.552 §.423 32.576 1.00 29.59 c
ATOM 584 O | GLUE 8§ 5.756  6.445 32.362 1.00 25.21 1]
ATOM 585 CB| GLU E 84 3.174 4.346 32.429 1.00 30.03 c
ATOM 586 CG| GLU E 8% 5.108 2.300 32.912 1.00 30.92 [
ATOM 587 CD| GLU E 84 4,436 2.381 33.379 1.00 28.34 C
ATOM 585 OEY GLU E 84 5.387 2.395 32.574 1.00 31.36 1]
ATOM 589 OB4 GLU E 84 4,532 1.959 34.540 1.00 25.12 1]
ATOM 590 W [HIS E &7 3.729 7.348 32.110 1.00 31.69 i)
ATOM 5391 CA| HIS E 87 4,222 8,472 31.348 1.00 33.42 C
ATOM 592 C | HIS E 87 5.113 9.344 32.215% 1.00 33.67 c
ATOM 553 0O | HIS E &7 6.125 9.867 31.772 1.00 37.08 1]
ATOM 594 CB| HIS E 87 3.053 9.292 30.875% 1.00 35.84 C
ATOM 535 CG| HIS E &7 2,139 §.547 29.970 1.00 37.98 [
ATOM 536 NDI HIS E 87 0.802 8.365 30.250 1.00 40.85 i)
ATOM 597 cDd HIS E 87 2.354 7.979 28.761 1.00 38.02 C
ATOM 5398 CEJ HIS E 87 0.233 7.718 29.247 1.00 41.67 C
ATOM 599 NEJ HIS E 87 1.153 7.473 28.331 1.00 35.98 N
ATOM 600 N THR E &8 4,719  9.310 33.453 1.00 31.68 i)
ATOM 601 CA THR E 88 5.484 10.331 34.367 1.00 32.97 c

Figure2 Some prt of the ATOM record in the PDB IDSTC. This PDB filstc.pdbwas opened with
text editor EditPlusto show the atomic coordinates of glutamate (GLU), atom ID-5#8 from residue
number 86 of chain E, and histidine (HIS), atom ID=#Dfrom residue numbe8?7.
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Figure3 Atomic representation of the residue humber 86 and 87 which are parts of a helix from the
PDB ID: 1STC. The peptide backbonespaled as a large spiral tube, portraying its helical character.
(Figures created using Discovery Studio package).
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When coloring atom by element typmrbonatomsare usuallycolored in gey, oxygenatoms

arein red, nitrogenatoms ardan blue, and sulpur atons arein yellow. The CoreyPauling

Koltun (CPK) model uses this coloring scheme and displays each atom as a sphere. Coloring
atoms by their electrostatic charge is useful for visualizing binding interaction. For instance,
glutamate and aspartatencdorm similar interaction due to thepartial negative charge

characters, so we can represent them as a part of the molecular surface with the same color.

Table1 The 20 amino acid side chains in stick representafidre threeletter amino acid
name is on the top with onetter abbreviations in parentheses. Note thatete side chains

can adopt several conformatisn(Figures created using Discovery Studio package).

GLY (G)* ALA (A) SER(S) CYS(C)
VAL (V) LEU (L) ILE (1) THR (T)

0 !D? 1

ASP (D) GLU (E) ASN (N) GLN (Q)
MET (M) LYS (K) ARG (R) PRO (P)
HIS (H) PHE (F) TYR (Y) TRP (W)

1 I 1 2 H2

D 2 ﬂ s j

(*Glycine has no side chain, so its main chain is shown instead)
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When viewing a protein structure by shogieveryatoms and bonds, we can hardly see the
polypeptide chain that those atoms beldng Interactions among different chains can be
observed by coloring carbon atoms from each polypeptide chain as one color per one chain.
In order to see the organtian of secondargtructure elements, alpha helices are shaith

spiral shape ribbonand beta strands are shown witiick arrows.Schematic styles can show

the polypeptide chain direction from the head of the cylinder rodshealrows.Some side

chans that involve in making interactions and also the ligand can be shown with stick model
and the rest of the side chains are usually omitted for clarity.

C-alpha traces Solid ribbon, Cartoon

Schematic VDW surface

Figure 4 Amino acid representation of the PDB: IZP10. In the schematic stylglpha helicesare
displayed asods, beta strands areepresented byarrows and turns aredrawn astraces. In the VDW
surface style, each atom is repezged as a sphere with itsan der Waalsadius.(Figures created using
Discovery Studio package).



