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Amino acid Three 
letter 
code

One 
letter 
code

Mnemonic

alanine Ala A
arginine Arg R Rginine

asparagine Asn N  asparagiNe

aspartic acid Asp D asparDic

cysteine Cys C

glutamic acid Glu E glutamatE

glutamine Gln Q Qtamine

glycine Gly G

histidine His H

isoleucine Ile I

leucine Leu L

lysine Lys K K is the letter before L

methionine Met M

phenylalanine Phe F Fenylalanine

proline Pro P

serine Ser S

threonine Thr T

tryptophan Trp/Try W tWo rings (W has two Vs)

tyrosine Tyr Y tYrosine

valine Val V

asparagine or aspartic acid Asx B A before G, B before Z

glutamine or glutamic acid Glx Z A before G, B before Z

any amino acid Unk X
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Covalent structure
of an amino acid

Peptide units in protein
chain.
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Covalent structure
of an amino acid

Peptide units in protein
chain.

Mainchain atoms
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Backbone torsion angles
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Plane of peptide

Rotatable bonds
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The two rotatable mainchain 
bonds per peptide are called
phi and psi

Not all combinations of phi and psi
are equally favoured

C

N
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Plot phi against psi to identify preferred
and disallowed backbone conformations.

(a) Allowed regions
(b) Plot for all amino acids except Glycine
(c) Plot for Glycine

Known as a Ramachandran plot.
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Standard text-book classification of amino acid 
physico-chemical properties
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Hydrophobic Amino Acids
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Charged Amino Acids
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Polar Amino Acids



G. J. Barton - 2005

Glycine has no sidechain
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Classification of properties is simplistic

• Amino acids actually exhibit multiple properties
• This is better represented as a Venn diagram
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Lysine:
Polar
Charged
Positive
Hydrophobic
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Seondary Structure
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a-helix H-bonds stabilise helix structure
Other helix structures also occur with different
pitch.
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1. Buried helix; 2. part exposed helix; 3. exposed helix 

Helical wheel plots to show location of hydrophobic amino acids
on face of helix.
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Antiparallel b-sheet
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parallel b-sheet
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Thioredoxin – protein with 
mixed sheet.



G. J. Barton - 2005

Glycine and Proline

Amino acids with special effects on protein three-
dimensional structure
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Glycine

• Special properties
• “tiny” due to lack of sidechain
• Can occupy more of the Ramachandran plot due to lack of 

steric clashes from side-chain.

• Has special role in tight turns in protein structure
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Proline

• Proline – strictly is not an amino acid due to cyclic 
structure.

• Cannot form main-chain hydrogen bonds.
• Has only one rotatable mainchain bond.
• Tends to disrupt a helix
• Forms “bulge” in beta sheet



Where to find protein 
structure files

The World-Wide Protein Data Bank (PDB)

PDB started in 1971 and is the oldest 
continuously supported databank in molecular 
biology



wwPDB:

Experimentally determined
three-dimensional structures
of proteins, nucleic acids and
complex assemblies

Partnership between:

Europe, USA and Japan



PDBe site (pdbe.org)

Very modern interface with
sophisticated search tools



Easy to refine
your search



Protein Structure Classification

Organise proteins by “Domain”



Nature 398,84-90, 1999

PDB: 1b47



Protein Structure Classification

n Proteins can be grouped according to their similarity 
at different levels of the structural hierarchy

n This helps navigation of protein structure “space” 
and the assignment of possible function to a protein 
from its structure or sequence alone



Two major structure classification 
databases

n SCOP: Structural Classification of Proteins http://scop.mrc-
lmb.cam.ac.uk/scop/

n SCOPe: Based on SCOP, but more up to date: 
http://scop.berkley.edu

n CATH: Class Architecture Topology Homology 
http://www.cathdb.info/

n Both databases have similar hierarchies, but slightly different 
philosophies, so both are useful to look at when studying protein 
structure.

n The best way to learn about scop(e) and CATH is to browse them…



SCOP

n Classification is of domains.  A domain is defined as 
an independent folding unit if a 3D structure is 
known of a similar domain on its own. 

n SCOP hierarchy:  Class, Fold, Superfamily, Family

n I’ll illustrate with SCOPe



Top of the SCOP hierarchy
SCOP Classes

Proteins in the same SCOP
Class normally
share similar overall
secondary structure
compositions



SCOP Classes are divided into
Folds.

Proteins in the same SCOP
Fold share similar arrangements
(topologies) of secondary 
structures.



SCOP Folds are divided into
Superfamilies:

Proteins in the same SCOP
Superfamily share similar
folds and are likely to have
a common evolutionary
ancestor and common function



SCOP Superfamilies
are divided into
Families:

Proteins in the same SCOP
Family share similar sequences
>30% Identity and are highly 
likely to have
similar functions.



SCOP Families 
Are made up of protein Domains:

SCOP Domains are parts of individual
PDB structures



SCOP Domains 
Are derived from Entries:

SCOP Entries are individual PDB 
(Protein Data Bank) files

For PDB see http://pdbe.org



SCOP Summary 
(2009, but makes the point)

Class: Similar secondary 
structure composition

Fold: Same major secondary 
structures in same 
arrangement with same 
topology

Superfamily: low sequence 
identity but similar structure 
and function imply common 
evolutionary origin

Family: >30 % sequence 
identity or similar structure 
and function

Total number of domains:

11

1112

1752

3059

a

a.1

a.1.2

a.1.2.3

96565



CATH

n Similar hierarchy to scop with the addition of 
Architecture between Class and topology (fold).

n Much nicer looking interface than SCOP. Very 
interactive and modern.









Unique feature 
in CATH:

FunFams

Gene3D extends
this to proteins
of unknown 
structure 
where possible



Comparison of SCOP and CATH

n SCOP
n Largely manually created 

hierarchy with some automation 
to help

n A domain is only defined if it 
has been seen as a stand-alone 
protein and is though to be 
functionally independent.

n Early 1990s-style interface

n CATH
n Largely automatically created 

hierarchy – follows defined 
rules – some manual editing to 
help

n A domain is thought of as an 
independent folding unit and 
does not have to be seen as a 
stand-alone protein.

n Slicker interface with nice 
graphics and excellent links to 
other resources!

SCOP and CATH are both useful so 
consult both



For Sequence-based domain 
assignments

n Pfam
– Collection of domain assignments made entirely from 

sequence data

n InterPro
– Collection of different databases of domain assignments 


