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DESCRIPTION
Structural biology is a branch of molecular biology that focuses 
on understanding the three-dimensional structure of biological 
molecules, particularly proteins, nucleic acids and their 
complexes. Structural biology advanced techniques have 
revolutionized our ability to study biomolecules at the atomic 
and subatomic levels, providing insights into their functions, 
mechanisms and interactions. These techniques play a vital role 
in drug discovery, disease study and biotechnology. From X-ray 
crystallography to cryo electron microscopy, the tools available to 
structural biologists continue to evolve, opening new frontiers in 
molecular science.

X-ray crystallography

X-ray crystallography has long been a foundation of structural 
biology. This technique involves crystallizing a molecule and then 
bombarding it with X-rays. The diffraction pattern produced by 
the crystal is analyzed to determine the electron density map, 
from which the three-dimensional structure of the molecule can 
be reconstructed.

One of the most notable successes of X-ray crystallography was 
the determination of the double-helix structure of Deoxyribo 
Nucleic acid (DNA) by James Watson and Francis Crick in 1953. 
Despite its complexity, X-ray crystallography remains the gold 
standard for determining high-resolution structures of proteins, 
nucleic acids and other biomolecules. However, the need for 
high quality crystals can limit its applicability to some molecules, 
such as membrane proteins.

Nuclear Magnetic Resonance (NMR) spectroscopy

NMR spectroscopy is another powerful structural biology 
advanced technique used to study the structure and dynamics of 
molecules in solution. Unlike X-ray crystallography, NMR does 
not require crystallization, making it ideal for studying 
biomolecules in a more natural, aqueous environment.

In NMR, a molecule is exposed to a magnetic field and the 

behavior of atomic nuclei is measured to determine the distances 
between atoms and their environment. This technique provides 
both structural and dynamic information, allowing experts to 
study conformational changes, protein folding and interactions 
with ligands. NMR is particularly useful for smaller proteins and 
peptides and it can also be used to investigate protein-protein 
and protein-DNA interactions.

Cryo-Electron Microscopy (Cryo-EM)

 
advancements in structural biology in recent years. Cryo-EM 
allows scientists to visualize large macromolecular complexes, 
including membrane proteins, viruses and molecular machines, 
without the need for crystallization. The technique involves 
flash-freezing the sample to preserve its natural state and then 
imaging it using an electron microscope.

In Cryo-EM, the sample is viewed in multiple orientations and 
computational algorithms are used to reconstruct its three-
dimensional structure. Cryo-EM has become particularly 
important in the study of large, complex biological assemblies, 
which were previously difficult to analyze with traditional 
techniques.

Small-Angle X-ray Scattering (SAXS)

Small-Angle X-ray  Scattering (SAXS) is a technique used to study  
the overall shape and size of biomolecules in solution. Unlike X-
ray crystallography, SAXS does not require crystalline samples 
and is particularly useful for studying flexible proteins or large 
complexes that do not form well-defined crystals. SAXS provides 
low-resolution structural information, allowing experts to infer 
the overall shape and structural changes of molecules in 
solution.

SAXS is often used in combination with other techniques, such 
as NMR or Cryo-EM, to obtain more comprehensive structural 
data. It has applications in studying protein folding, protein-
protein interactions and conformational changes in response to 
ligand binding.
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Cryo  Electron Microscopy one (Cryo-EM) is of the most



dynamics and interactions of biomolecules. These techniques
continue to evolve, opening new possibilities for drug
development, disease understanding and biotechnology. As
technology progresses, structural biology will remain at the peak
of scientific discovery, unlocking new insights into the
molecular foundations of health and disease.
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CONCLUSION
Structural biology advanced techniques are central to 
understanding the molecular mechanisms that govern life. X-ray 
crystallography, NMR spectroscopy, Cryo-EM, SAXS and have 
significantly enhanced our ability to study the structure,
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