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 Primary structure: amino acid sequence (peptide bond; polypeptide chain)

 Secondary structure: local folding of the polypeptide chain forming regular patterns
 -helices, -sheets and -turns (hydrogen bonds)

 Tertiary structure: global folding of the polypeptide chain = 3D structure / protein
conformation (non-covalent bonds & disulfide bridges)

 Quaternary structure: assembly of multiple subunits (polypeptides) forming a big
complex (non-covalent bonds & disulfide bridges)

4 levels of protein structure
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Amino acid structure



-carbon

(chiral center)
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Classifications of amino acids

G      A      V      L      I        M      W      F        P

S        T       C       Y N       Q

D         E K        R        H
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The chemistry of peptide bond formation

 With the removal of water two amino acids are connected via the carboxy-
and amino-groups and a peptide bond has been formed

 The C-N bond has a partial double bond character because of delocalization
of valence electrons on the nitrogen atom

 The peptide bond is rigid and planar



Theresa Schwarz

Angle of rotation (Torsionswinkel)

 Phi (φ) – angle of rotation around N-C bond

 Psi (ψ) – angle of rotation around C-C bond

 Most combinations of φ and ψ angles for an amino acid are not allowed
because of steric collisions between the side chains and the peptide
backbone.

 The angle pairs are usually plotted against each other in a diagram called a
Ramachandran plot showing sterically allowed regions
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Ramachandran plot

The conformation of the 
polypeptide chain of a protein is 
determined by two angles:
phi (φ) and psi (ψ).

Only certain combinations of 
these angles are allowed because 
of steric hindrance between 
main-chain atoms and side-chain 
atoms, except for glycine.

The Ramachandran plot shows 
allowed combinations of the 
conformational angles phi (φ) and 
psi (ψ).
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Ramachandran plot

Distribution of the phi (φ) and psi
(ψ) angles for 121,870 residues of
463 known protein structures.

 (degrees)
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Two special amino acids

 Glycine, with only a hydrogen atom as a side chain, can
adopt a much wider range of conformations than the other
residues. It allows unusual main-chain conformations in
proteins. This is one of the main reasons why a high
proportion of glycine residues are conserved among
homologous protein sequences.

 Proline is said to be a helix breaker: proline destabilizes
α-helices because of its irregular geometry; the side chain
forms a ring with the amide group, which causes steric
hindrance.

 Proline and Glycine are frequently found in beta turns.
Proline because its cyclic structure is ideally suited for the
beta turn, and glycine because with the smallest side chain
of all the amino acids, it is the most sterically flexible.
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 Domain:

 A domain is a conserved part of a protein that forms a compact three-dimensional
structure. A domain can function independently from the rest of the protein
chain.

 Many proteins consist of several domains.

 One domain can occur in many different proteins. (Possible homology)

 Motif:

 a short, conserved region of a protein: typically 5 to 20 contiguous amino acid
residues

 mostly recognition sequences for other proteins (proteases, ubiquitin ligases,
kinases,…)

 does not imply homology

Domains and Motifs
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common human protein domains

Zinc finger, C2H2 type 1093 proteins

Immunoglobulin 1032

EGF-like 471

Homeobox 417

Pleckstrin-like 405

RNA-binding region RNP-1 400

SH3 394

Calcium-binding EF-hand 392

Fibronectin, type III 300

PDZ/DHR/GLGF 280

Small GTP-binding protein 261

BTB/POZ 236

Cadherin 226
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 Function

 Enzymes: Catalyze biochemical reactions

 Structural: Form biological structures

 Transport: Carry biochemically important substances

 Defense: Protect the body from foreign invaders

 Structure

 Globular: Complex folds, irregularly shaped tertiary structures

 Fibrous: Extended, simple folds  generally structural proteins

 Cellular localization

 Membrane: In direct physical contact with a membrane; generally water insoluble.

 Soluble: Water soluble; can be anywhere in the cell.

Classes of proteins
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 Phosphorylation: on serine, threonine or tyrosine residues 
- important for the regulation of many cellular processes (cell cycle, growth, 
apoptosis…)
- chromatin modification (histones)
- kinases and phosphatases

 Methylation: on lysine and arginine
- chromatin modification (histones)
- methyltransferases and demethylases

 Acetylation: on lysine
- chromatin modification (histones)
- histone acetyltransferases (HATs) and histone deacetylases (HDACs).

 N-terminal acetylation: N-terminal methionine is replaced by an acetyl group 
- functional regulation
- irreversible
- methionine aminopeptidase (MAP) removes methionine and N-acetyltransferase (NAT)  
adds acetyl group

Co- and Post-translational modifications
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 Glycosylation: N-linked on asparagine or O-linked on serine or threonine
- important for protein folding and stability
- Glycosylases and deglycosylases

 (Poly-)Ubiquitinylation: on lysine
- mark for degradation
- Ubiquitin ligases and deubiquitinating enzymes (DUBs)

 Proteolytic cleavage: Proteases cut the peptide bond at a certain sequence.

 Disulfid bonds covalently link the sulfur atoms of two different cysteine residues 
(intermolecular or intramolecular).

Co- and Post-translational modifications
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 The tertiary structure is a good indicator of homology

 How is the 3D structure of a protein determined?

Main approaches:

 Experimental determination

 X-ray crystallography

 Nuclear magnetic resonance (NMR) spectroscopy

 Electron microscopy

3D structures
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 X-ray crystallography is used to solve the atomic and molecular
structure of proteins.

 Requirements: your protein of interest must be VERY pure and concentrated
to get crystalized

 The growth of protein crystals can be tricky!

X-ray crystallography
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Crystallization by vapor diffusion

 The aim is to obtain a supersaturated solution  vapour diffusion:
extract water from drops

 Hanging or Sitting-drop method: Drops sit on top, or hang on the
wall of an airtight container. The droplet contains the purified protein,
buffer, and precipitant at low concentrations. It can equilibrate with a
larger reservoir in the container having high buffer and precipitant
concentrations.

 as water vaporizes from the drop the precipitant concentration
increases to an optimum level so that the protein crystalizes. Since
the system is in equilibrium, these optimum conditions are
maintained until the crystallization is complete.
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 Best resolution  individual atoms and electron clouds

 Today 80% of protein structures are solved by crystallography

X-ray crystallography

 Analysis of diffraction patterns (=Beugungsdiagramme):

incident X-rays are diffracted by the crystalline atoms of
the protein into many specific directions. By measuring
the angles and intensities of these diffracted beams, a
crystallographer can produce a three-dimensional
picture of the density of electrons within the crystal.
From this electron density, the mean positions of the
atoms as well as the chemical bonds in the crystal can
be determined.



Theresa Schwarz

NMR:

 Magnetic field applied to proteins in solution

 Does not require crystallization

 Medium resolution  data on local conformation 
and distance between atoms (but no individual atoms)

Electron Microscopy:

 Electron microscopy uses accelerated electrons as a source of illumination.  
Use of small crystals

 Low resolution  image of the overall shape of the protein

NMR and Electron Microscopy
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 Definition: Resolution is the minimum detectable distance between two
distinguishable items

Resolution

Very high resolution good resolution
Structure to be interpreted 

with care

 High-resolution structures, with
resolution values of ~1Å, are highly
ordered and it is easy to see every
atom in the electron density map.

 Lower resolution structures, with
resolutions of 3 Å or higher, show
only the basic contours of the
protein chain, and the atomic
structure must be inferred.

1Å=0.1nm
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 The R-value is the measure of the quality of the atomic model obtained from
the crystallographic data.

 When solving the structure of a protein, the researcher first builds an atomic
model and then calculates a simulated diffraction pattern based on that
model.

 The R-value measures how well the simulated diffraction pattern matches
the experimentally-observed diffraction pattern.

 A totally random set of atoms will give an R-value of about 0.63, whereas a
perfect fit would have a value of 0.

 Typical values are about 0.20

Resolution and R-value
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UniProtKB

www.uniprot.org to analyze amino acid sequences
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 Search for hemoglobin and select the first entry  hemoglobin subunit

beta (HBB)

UniProtKB
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UniProtKB
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UniProtKB
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UniProtKB
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UniProtKB

PTM = Post-translational modifications
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UniProtKB
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UniProtKB
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UniProtKB

Click on FASTA and copy the amino acid 
sequence for further analysis with other 

tools. 
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ExPASy

www.expasy.org
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ExPASy

There are a lot of tools to analyze proteins.
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ExPASy

In the following we will get to know to three different tools:

ProtParam

PeptideCutter

NetNGlyc



Theresa Schwarz

ExPASy

In the following we will get to know to three different tools:

ProtParam

PeptideCutter

NetNGlyc



Theresa Schwarz

ExPASy – ProtParam

Enter the sequence of
your protein of interest
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ExPASy – ProtParam

Note: The unit for the 
molecular weight is Dalton 

(Da = g/mol)
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ExPASy – ProtParam
Amino acid composition

Extinction coefficients
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ExPASy

In the following we will get to know to three different tools:

ProtParam

PeptideCutter

NetNGlyc
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ExPASy – Peptide Cutter

Enter the sequence of
your protein of interest

Use the PeptideCutter to predict the cleavage of your protein by using specific 
proteases or chemicals.
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ExPASy – Peptide Cutter

Scroll down to see map
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ExPASy – Peptide Cutter

Click on enzyme to see its 
cleavage specificities
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ExPASy

In the following we will get to know to three different tools:

ProtParam

PeptideCutter

NetNGlyc
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ExPASy – NetNGlyc

Enter the sequence of
your protein of interest

in the FASTA format

Use the NetNGlyc tool to predict N-glycosylation sites in proteins
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ExPASy – NetNGlyc
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ExPASy – NetNGlyc
Repetition with 
human AQP1
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PDB – The protein data bank

www.rcsb.org

hemoglobin

Search for hemoglobin.
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PDB – The protein data bank

You can find a lot of entries 
all about published 
hemoglobin structures
- substructures
- mutants
- …

We want to get the entire 
structure of the human 
hemoglobin protein. 
The PDB-ID is: 4HHB

 Search for 4HHB.
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PDB – The protein data bank

PDB-ID

Stoichiometry

Experimental technique

Information about
the literature

general
information
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PDB – The protein data bank

Modifications:
Move your curser over the dots to see what kind of modification it is.  
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PDB – The protein data bank

Information about ligands that 
are present in the structure
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PDB – The protein data bank

For more detailed information you can choose the tabs at the top of the page. 
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PDB – JSmol

View the 3D structure of the protein
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PDB – JSmol
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PDB – JSmol
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PDB – JSmol
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PDB – JSmol

Use mouse to drag, 
rotate, and zoom
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PDB – JSmol

Right click

Select

Display Selected Only

 To make sure to just show 

selected settings 
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PDB – JSmol

Right click

Select

Protein

By Residue Name

Cys
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PDB – JSmol

You can see now all 
cysteines color coded 

by the subunits
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PDB – JSmol

Right click

Style

Labels

With Element Symbol
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PDB – JSmol

The elements of Cys
are labeled now
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PDB – JSmol

Right click

Color

Labels

Black
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PDB – JSmol

You changed the color 
of the element labels 

to black. 
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PDB – JSmol

Zoom in 

Right click

Measurements

Click for distance measurement

Click on S and C to measure the 
distance between those two atoms
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PDB – JSmol

You measured the distance between C and S 
of Cysteine which is about 1.79 angstroms
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 QUESTIONS?

 Please, download Exercises #4 from MOODLE and upload until
next Monday 8:00 a.m.

GOOD LUCK!


