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Proteins are the building blocks of life
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Nucleus

Golgi

Mitochondria

Vacuole

20,687 protein-coding genes

42 million protein molecules per cell

3.9 million new proteins synthesized per minute

Proteins are the building blocks of life

Protein Misfolding is linked to numerous diseases: 

Neurodegeneration

Cancer

Metabolic Diseases



Proteins have different shapes and dimensions



Proteins are made up on amino acids





Overview of Protein Structure:

Different Levels of Organization:Main Interactions 



What can you do with protein structural information:

Understand their function

Design mutations to test their function

Design specific drugs



Structure-based drug design for HIV-AIDS



Methods to determine protein structures:

X-ray crystallography


Nuclear Magnetic Resonance  (NMR)


Cryogenic Electron Microscopy (CryoEM)
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P E R S P E C T I V E S

than 100 m, were first built by physicists to
study the properties of elementary particles.
However, high-velocity electrons, held in a
circular orbit by bending magnets, generate
intense electromagnetic radiation, including
X-rays. In the ‘first generation’ of synchro-
trons, this electromagnetic radiation was
regarded as inevitable ‘waste’ from the parti-
cle accelerator. Now, synchrotrons are in
their ‘third generation’ of development, and
are built all over the world for the sole pur-
pose of producing radiation. They produce
very narrow X-ray beams of great intensity,
which allow data to be collected rapidly from
very small crystals. One of the first biological
applications of the radiation from a synchro-
tron was in 1971, when an X-ray diffraction
pattern was obtained from muscle fibres6.
Now, most structures are solved using syn-
chrotron X-rays.

At first, diffraction data were collected on
photographic film. This film has now been
replaced by sophisticated detectors — one
example of which is the ‘charge-coupled
device’, which is valuable because it gives a
rapid digital readout of the diffraction data.
Another, relatively recent, technical advance
in X-ray crystallography involves cooling the
sample to very low temperatures. This helps
to reduce the damage to molecules in the
crystals that is caused by the X-ray beam.
These various technical developments have
contributed to the astonishing success of X-
ray crystallography in recent years7, includ-
ing detailed structural information about the
ribosome (reviewed in REF. 8).

X-rays are the dominant radiation
source for protein crystallography, but the
use of neutrons is noteworthy. Thermal
neutrons from a reactor have an energy that
corresponds to a wavelength of around
0.1 nm. Whereas X-rays are scattered by
electrons, neutrons are scattered by nuclei.

that he was going to use X-ray diffraction to
determine the structure of haemoglobin. He
did not realize that it would take him over
30 years to achieve his goal2; initially, he did
not know how to interpret the observed dif-
fraction patterns and had no computers to
help him.

X-rays are scattered by electrons, so the
goal of X-ray-diffraction experiments is to
calculate an ‘electron-density’ map of a mol-
ecule from its diffraction pattern. Many
obstacles had to be overcome before this
could be carried out2,3. In a microscope, a
lens is used to focus and magnify light from
an object. X-rays cannot be focused, so
essential information is lost in the data col-
lection process; a spot on a photographic
film tells us about amplitudes but tells us
nothing about the phases of the waves that
caused it. Max Perutz and colleagues (FIG. 1)

managed to solve this ‘phase’ problem by
introducing heavy atoms, such as mercury,
into protein crystals. By comparing the dif-
fraction patterns that were obtained from
different ‘isomorphous’ (same structure)
crystals, the phases could be determined.
This breakthrough led to a calculation of an
electron-density map for myoglobin; a struc-
tural model could then be built into this
map that represented the three-dimensional
(3D) structure of the protein4. As this first
triumph had been so slow and painstaking,
it came as a surprise, even to X-ray crystallo-
graphers, that the rate of protein-structure
determination increased rapidly in subse-
quent years5. There were 10 known struc-
tures in 1973, 27 in 1983, and 922 in 1993.

Since those early days, there have been
numerous important technical advances in
crystallographic methods. Perhaps the most
notable is the improved accessibility and
performance of synchrotron sources. These
large devices, with a typical diameter greater

crystalline snowflakes. Such speculations
remained untested until Max von Laue sug-
gested, in 1912, that X-ray methods could be
used to explore the structure of crystals.
This led quickly to the determination of the
structure of sodium chloride by Lawrence
Bragg in 1913. In 1934, J. D. ‘Sage’ Bernal
and Dorothy Crowfoot (later Hodgkin)
placed a crystal of pepsin in an X-ray beam.
To the surprise of everyone, they obtained a
diffraction pattern. It was a surprise because
the dogma at that time was that proteins
were ‘colloids’ with random structure. By
1936, views about proteins were beginning
to change, and a young Austrian, called Max
Perutz, joined Bernal’s laboratory in
Cambridge to study for a Ph.D. He decided
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Timeline | The march of structural biology

Some of the key developments in crystallography (shown in black), electron microscopy (EM; shown in green), nuclear magnetic resonance (NMR; shown in red) and
computational methods (shown in blue) are highlighted. MD, molecular dynamics; NaCl, sodium chloride; PDB, Protein Data Bank.

Figure 1 | Max Perutz (1914–2002) and John
Kendrew (1917–1999). Photograph taken in
1962 of Max Perutz  with his balsa-wood model
of haemoglobin, and John Kendrew with his wire
model of myoglobin. These models were derived
from X-ray data. The resolution of the myoglobin
data (1.4 Å) was good enough to construct an
atomic-resolution model whereas the
haemoglobin data were derived at a lower
resolution (6.0 Å). Reprinted with permission
from the Laboratory of Molecular Biology,
Cambridge, UK. 



X-ray crystallography


Basic Principle:


Experiment:






NMR


Basic Principle:


Experiment:






CryoEM

Experiment:

Basic Principle:





Pros Cons Sample Types Resolution

X-ray 
crystallography

Established

High Resolution


Broad Molecular Weight 
Range


Easy for model building

Static Crystalline State 

Protein needs to crystallize

Not suitable for dynamic 

interactions

Challenging for protein 

complexes

Soluble Proteins, 

Membrane Proteins,


Small Molecules

DNA/RNA and Protein Complexes

High

NMR
High Resolution


3D structure in solution

Protein dynamics

High Sample Purity

Difficult Sample Preparation


Size limit
MW below 40-50 kDA


Water Soluble Samples High 

CryoEM Low amounts of sample

Structure in native state

Size Limitation

Costly EM equipment (6M $)


Resolution limited

>100kDa

Membrane Proteins


Large assemblies like virions, 
ribosomes

>3.5 Angstrom



Structural Data Repositories:
Protein Data Bank: https://www.rcsb.org/

EM Data Bank: https://www.ebi.ac.uk/emdb/

For each PDB deposition: 4 letter code

EMDB: 4 or 5 letter code


Can you find the code for the structure in the paper and 
look it up?





Questions?


