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Protein Structure

Amino Acid Seqguence

APRKFFVGGNWKMNGDKKSLGEL IHTLNGAKL
SADTEVVCGAPS1YLDFARQKLDAKIGVAAQN
CYKVPKGAFTGEISPAMIKD IGAAWV ILGHSE
RRHVFGESDEL 1 GQKVAHALAEGLGVIACIGE
KLDEREAGITEKVVFEQTKATADNVKDWSKVV
LAYEPVWAIGTGKTATPQQAQEVHEKLRGWLK —
SHVSDAVAQSTRI1YGGSVTGGNCKELASQHD
VDGFLVGGASLKPEFVDI INAKH
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DIFFERENT EEPRESENTATIONS OF A POLYPEPTIDE
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PDB database
http://www.rcsb.org/pdb/home/home.do

Search by PDB 1D, author, macromolecule, sequence, or ligands H

Advanced Search | Browse by Annotations
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A Structural View of Biology October Molecule of the Month

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 researchers understand all aspects of biomedicine and
DEPOSIt agriculiure, from protein synthesis to health and disease.

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

Search _ ,
The RCSB PDB builds upon the data by creating tools and resources for

research and education in molecular biology, structural biology, computational
Visualize biology. and beyond.

Analyze Take an Interactive Tour of the PDB

PE IR
TE AR
ws Wy o

qt *‘?:& Two-component Systems
3 - ﬁ{r’

& Download &

B Leam

Latest Entries As of Tuesday Oct 20 New Features Publications ~
October 2015 Release Molecular Origami:
Insulin
Build a 3D paper model
of insulin. » 102045

Feedback

Redesigned Structure Summary
Page
New Qrganization. Improved

\ B/ Layout. Clean. Usable. Simple.


http://www.rcsb.org/pdb/home/home.do

Coordinates (PDB file: 1tim)

HEADER ISCHMERASE (INTEAMCLECULAR CHKIDCREEDUCTSE) O01-5EP-T6 1TIH
TITLE STRUCTURE OF TRICSE PHCSPHATE ISCHMERASE FRCM CHICKEN HMUOSCLE
CCHMPND MOL ID: 1:

CCHMPND 2 MCLECULE: TRICSEPHCSPHATE ISCHMERASE;

CCHMPND 3 CHATHN: &, B;

CCHMPND 4 EC: 5.3.1.1;

CCHMPND 5 ENGINEERED: YES

SCURCE MOL ID: 1:

SCURCE 2 ORGANISM SCIENTIFIC: GALLUS GRLLUS;

SCURCE 3 ORGANISM COMMCM: CHICEEHN:

SCURCE 4 ORGANISM TAXTID: 9031

KEYWDS ISCMERASE, ISCHMERASE (INTRAMCLECULAR CXIDOREDUCTSE)

EXFDTR X-R4Y DIFFRACTICH

AUTHCR D.W.BANNER, &.C.BLOCHMER, G. 4. PET5EC, D.C. PHILLIPS, I. A. WILSCH

ATCM 1 H ALER & 1 43.240 11.5%%0 -6.915 1.00 O0.00 N
ATCHM & Ck ALR Z 1 43.888 10.862 -6.231 1.00 0.00 C
ATCHM 3 C ALR & 1 44.791 11.378 -5.0%4 1.00 O0.00 C
ATCHM 4 O ALR & 1 44,633 10.89%2 -3.937 1.00 0.00 c
ATCHM 5 CB ALR Z 1 44,722 10.051 -7.240 1.00 0.00 C
ATCHM 6 N FRC & P 45.714 12.244 -5.487 1.00 0.00 N
ATCHM T C& FRC & P 46.689 12.815 -4.561 1.00 O0.00 C
ATCHM g C FRC & P 46.042 13.601 -3.411 1.00 0.00 C
ATCHM 8 o FRC & P 45.030 13.141 -2.267 1.00 0.00 c
ATCHM 10 CB PRO R P 47.640 13.732 -5.35% 1.00 0.00 C
ATCHM 11 €& PRO R P 47.006 13.820 -6.760 1.00 0O.00 C
ATCHM 1z CD PRO R P 46.056 12.615 -6.882 1.00 0.00 C
ATCHM 1z H ARG & 4 45.521 14.773 -3.763 1.00 0.00 N
ATCHM 14 CR ARG R 4 44.872 15.621 -2.730 1.00 0.00 C
ATCHM 15 C ARG & 4 46.05%2 16.358 -2.0%4 1.00 0.00 C
ATCHM la o ARG & 4 46.0581 16.68 -0.%16 1.00 ©0.00 c
ATCHM 17 CB &RG & 4 44.264 14.706 -1.647 1.00 0.00 C
ATCHM g2 CG ARG & 4 42.729 14.802 -1.637 1.00 0.00 C
ATCHM 13 CD &RG & 4 42.158 13.8%4 -0.528 1.00 0.00 C
ATCHM 20 HNE RBRG R 4 42,5582 12.5082 -0.754 1.00 0.00 N



20 AA found 1in biological systems

All amino acids have the same
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Dr. M.O. Dayhoff’s resources on
amino acids

0 http://www.biology.arizona.edu/biochemistry/proble
m_sets/aa/aa.html#Essentialaa



http://www.biology.arizona.edu/biochemistry/problem_sets/aa/aa.html#Essentialaa
http://www.biology.arizona.edu/biochemistry/problem_sets/aa/aa.html#Essentialaa

Amino acid and main chain
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Dihedral Angles

e Dihedral Angles (Torsion angles):
Angels between two planes.

e

x

R

e ¢ (phi, involving the backbone atoms C-N-C%-C’)
e W (psi, involving the backbone atoms N-C%-C'-N)
¢ controls the C'-C' distance, y controls the N-N
distance

rotations about ¢ and p angles are the softest




Dihedral Angles

e w (omega, involving the backbone atoms C*-C'-N-C%).

e w controls the C*-C* distance

e Peptide bond usually restricts w to be 180° (the
typical trans case) or O° (the rare cis ca“‘

Peptide Y

\ / H torsion C\\
l angles.

alpha

/ 3\/

‘ omega alpha R

0 R/\




Ramachandran plot

A Ramachandran plot

Is a visualization tools for visualizing
backbone dihedral angles g against ¢ of
amino acid residues in protein structure.
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Ramachandran plot for
Proline

Ramachandran plot for
pre-Proline


https://en.wikipedia.org/wiki/Ramachandran_plot

Protein secondary structures

a Proteins packs the hydrophobic side chains inside the molecule.

a Proteins have hydrophobic kernel and hydrophilic surface.

a The backbone is polar, hence hydrophilic.

a To neutralize this hydrophility there are hydrogen bindings between
NH and CO on the backbone.

Q This is done by constructing regular secondary structures
0 Helices, alpha most usual
O Beta sheets




Alpha Helix

Alpha-helix:

 Right-handed helix

* 3.6 residues per helix turn

» Hydrogen bond between n and n+4

i | N c. |
I A
R H 0 R H R A
i A
I - ——— Hydrogenbond - — - - - ——— S—

Figure B.6 (a) Schematic of the hydrogen bonding forming an a-helix. (b) For the
hydrogen bonding to take place, the sequence must be formed as a helix in the space.



Beta Sheets

Antiparallel beta-sheet  The different types of

4 1 beta-sheet. Dashed lines
1 | indicate main chain
——— hydrogen bonds.
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Figure B.7 A p-sheet formed of three S-strands, with one parallel and one antiparallel
set of H-bonds. Note that strands near in space do not need to be near in sequence.



Beta Turn

e 4 residues in length
« Enables structure to have an 180 degree turn

imtech.res.in



http://imtech.res.in/raghava/betatpred/intro.html

Protein Tertiary Structure

Driving force for folding:
* Hydrophobic effect

* Electrostatic

e Hydrogen bond

e Disulfide bond




Protein Structure Classification

SCOP Classification

a SCOP: Structural Classification of Proteins

o Classes:
0 All alpha proteins (126)
0 All beta proteins(81)

0 Alpha and beta proteins (a/b) (87)
Mainly parallel beta sheets (beta-alpha-beta units)

0 Alpha and beta proteins (a+b) (151)
Mz)iinly antiparallel beta sheets (segregated alpha and beta regio
ns

0 Multi-domain proteins (alpha and beta) (21)
Folds consisting of more than one domain of different classes




Protein Structure Classification

SCOP Classification

o Classes cont.:

a0 Membrane and cell surface proteins and peptides (10)
Does not include proteins in the immune system

o Small proteins (44)
Usually dominated by metal ligand, heme, and/or disulfide brid
ges

0 Colled coil proteins (4)
0 Low resolution protein structures (4)

0 Peptides (61)
Peptides and fragments

a Designed proteins (17)
Experimental structures of proteins with essentially non-natura
| sequences




SCOP cont.

1 wunits of secondary structure / [I\ / B \
2 supersecondary structure o B[IB BB
larger associations of . -y sg. Bapa = 3
@ | 4 secondary structures v g B B g B BB
o close together in the 4-helix bundie ressman fold ek key
c sequence
£
= g4 still larger g, lysozyme e4. lactate e 4. immunoglobulin
ass0ciations domain 2 dehydrogenase domain {10 strands)
(8 helices) domain 1

[2 Rossman folds)




Protein Structure Classification —

CATH database

0 Class, Architecture, Topology, Homology

a Architecture: the global spatial arrangement / @
of 2ndary structure segments TMbarrel  Sandwich Rl

0 Topology: connectivity of the 2ndary . - 7
structure segments Is also counted T SN ’i}g‘é
0 Protein structure comparison program, ) s

SSAP is used

Class | Architecture | Topology  Homologous Superfamily | 535 Family | 560 Family | 595 Family | 5100 Family  Domains

1 ] 376 639 2763 3571 4679 9217 32396
2 20 228 514 2514 3573 hB6E 9824 39140
3 14 bYT 1082 hB849 8381 10626 215800 73038
4 1 101 114 204 253 352 b4T 2346

Total |40 1282 2549 11330 15778 21325 41488 152920



All-Alpha

o Helix-turn-helix motif: The simplest
packing arrangement of a domain of
two helices is for them to lie

antiparallel, connected by a short loop.

The Lone Helix: small proteins
(or peptides) which consist of little
more than a single helix. Example:
glucagon, a hormone involved in
regulating sugar metabolism in
mammals (as is insulin).

orthogonal views
of Rop




Four Helix Bundle

0 Topology: The four helices may be arranged in a simple up-and
-down topology, or more complex arrangement.

Topology of

myohemerythrin Topology of

four-helix bundle ferritin four-
helix bundle




The Immunoglobulin Domain, indicating
disulphide bond and chain direction

All-Beta

0 Beta Sandwiches and Beta Barrels:
In the immunoglobulin fold, the
strands form two sheets packed
against each other, forming a "beta
sandwich™'.




Beta Barrels

a beta barrels: Some
antiparallel beta sheet domains
are better described as beta
barrels rather than beta
sandwiches

Q eg. Porin: beta-sheets in a
16-stranded beta-barrel
formation and forms a pore
In the membrane 1.7 - 2.5
nm in diameter



o/p protein (Rossmann fold, 1krh)
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Cannot use pure dynamic programming for
structure comparison

(a) (b)

Figure 8.18 Illustration that dynamic programming cannot
be used directly for structure alignment (see the text).



Framework for pairwise structure comparison

Structure 1 Structure 2

2 &
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Distance Matrices
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Protein Dynamics

Induced fit model:

Glucose
substrate

~ "I L

® 2001 Sinauer Associates, Inc.,

Molecular Dynamics Extended Library:
http://mmb.pcb.ub.es/MoDEL/ :
test searching 1e5w & 1AHR



http://mmb.pcb.ub.es/MoDEL/

How/why does a molecule move?

a Among the 3N-6 internal degrees of freedom, bond
rotations (i.e. changes in dihedral angles) are the softest,
and mainly responsible for the functional motions

i 5
N- ! ) — = - o
1 , N C - C;

Figure 8.7 Figure illustrating the torsion angles.



The intrinsic dynamics of enzymes

A

Fingers

ANM mode 3

Bakan, A., & Bahar, I. (2009). The intrinsic dynamics of enzymes plays a dominant role in determining the structural changes induced
upon inhibitor binding. PNAS, 106(34), 14349-54.



Feature extraction

Dimension

Reduction
reducing the —
number of random
variables under
consideration

Find a subset of the
original variables
Feature
Selection

Feature
Extraction

Transforms the data in the high-
dimensional space to a space of
fewer dimensions



Feature Extraction Methods

Iy I Ny Iy U Dy Iy B Iy Ny

Principal component analysis
Semidefinite embedding
Multifactor dimensionality reduction
Multilinear subspace learning
Nonlinear dimensionality reduction
Isomap

Kernel PCA

Multilinear PCA

Latent semantic analysis

Partial least squares

Independent component analysis
Autoncoder



Reading
0 Chapter 12 of PRML
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