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Introduction

The analytical ultracentrifugation technique is an advanced laboratory method used to study
the physical properties of macromolecules. It combines an ultracentrifuge with optical detection
systems to monitor sedimentation behavior in real time.

Researchers widely use this technique in biochemistry, molecular biology, and biotechnology. It
helps analyze proteins, DNA, nanoparticles, and other macromolecular complexes. Moreover,
modern computers allow precise data recording and mathematical analysis during experiments.

Because of its high accuracy, the analytical ultracentrifuge is an important tool for
understanding molecular size, structure, and interactions.

Definition of Analytical Ultracentrifugation Technique

Analytical ultracentrifugation technique is a laboratory method that uses high-speed
centrifugation together with optical detection systems to analyze the sedimentation behavior,
molecular size, shape, and interactions of macromolecules in solution.
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Analytical Ultracentrifugation Technique in Molecular Analysis

The analytical ultracentrifugation technique allows scientists to observe the sedimentation
profile of molecules during centrifugation.

Unlike preparative centrifugation, this method does not mainly isolate particles. Instead, it
measures how molecules move in a centrifugal field.

During the experiment, optical systems detect changes in concentration across the sample cell.
These systems commonly include:

e Ultraviolet absorption detectors
e Interference optical systems
e Refractive index detection methods

Modern instruments convert the optical signals into digital data. As a result, researchers can
analyze sedimentation behavior accurately using specialized software.

Principle of Analytical Ultracentrifugation

The separation principle depends on the sedimentation behavior of particles in a centrifugal
field.

When the rotor spins at very high speed, particles experience strong centrifugal force.
Consequently, molecules move outward according to their physical properties.

The sedimentation rate depends mainly on:
e Molecular mass
e Molecular shape
o Density difference between molecule and solvent
e Viscosity of the solvent

Larger molecules sediment faster than smaller molecules. However, diffusion acts in the
opposite direction. Therefore, both sedimentation and diffusion influence the final concentration
profile.

One important parameter measured in this method is the sedimentation coefficient. It
represents the ratio between sedimentation velocity and applied centrifugal acceleration.
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Instrumentation of an Analytical Ultracentrifuge

An analytical ultracentrifuge is a sophisticated instrument designed for precise measurements.
The major components include:

1. Ultracentrifuge Rotor

The rotor holds the sample cells and spins at extremely high speeds. Modern rotors can reach
speeds of 50,000-60,000 revolutions per minute (rpm).

These high speeds generate strong centrifugal forces required for macromolecular analysis.
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2. Optical Detection System

The optical system monitors sedimentation in real time. It measures concentration changes
across the sample during centrifugation.
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Common detection systems include:
e Ultraviolet absorbance optics
e Interference optics
e Refractive index detection

These systems allow continuous observation of the sedimentation process.

3. Sample Cells
Special sample cells are required for analytical ultracentrifugation experiments.
Each cell contains:

e Astrong housing

e Two transparent quartz windows

e A central sector-shaped compartment for the sample

Quartz windows are used because they provide high optical clarity and withstand strong
centrifugal forces.

The cells are placed inside rotor cavities during centrifugation.

Information Obtained from Analytical Ultracentrifugation

The analytical ultracentrifugation technique provides valuable information about
macromolecules.

Researchers can determine:
e Molecular size and shape
e Molecular mass of macromolecules
o Size distribution of particles
e Conformational changes in biomolecules

e Stoichiometry of molecular complexes
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In addition, this method can measure equilibrium constants for interactions between
macromolecules such as proteins or DNA.

Therefore, it plays a major role in structural biology and molecular biophysics.

Types of Analytical Ultracentrifugation Experiments

Several experimental approaches are used in analytical ultracentrifugation. The two most
common methods are sedimentation velocity and sedimentation equilibrium experiments.

Sedimentation Velocity Experiments
Sedimentation velocity experiments measure how quickly molecules move in a centrifugal field.

The experiment is performed at a constant rotor speed. During centrifugation, molecules move
outward and form a moving boundary within the solution.

From this analysis, scientists can determine:
e Molar mass of macromolecules
e Molecular shape
o Particle size distribution
In addition, sedimentation velocity experiments help study reversible molecular interactions.

For example, researchers can analyze protein complexes and determine how different molecules
assemble into larger structures.

The size range studied by this method can extend from small molecules (~100 Da) to
extremely large macromolecular assemblies (up to 10 GDa).

Sedimentation Equilibrium Experiments

Sedimentation equilibrium experiments measure the molecular mass and equilibrium
constants of molecules.

In this method, the rotor spins at a lower speed compared to sedimentation velocity
experiments.
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Eventually, the system reaches equilibrium, where sedimentation and diffusion balance each
other.

At equilibrium:
e Molecules sediment outward due to centrifugal force
o Diffusion moves molecules back toward the center
As aresult, a stable concentration gradient forms inside the sample cell.

Scientists analyze this concentration profile to determine molecular mass and molecular
interactions.

Advantages of Analytical Ultracentrifugation
The method offers several important advantages in biochemical research.
e Allows analysis of macromolecules in their natural solution state
e Does not require labeling or immobilization
e Provides information about molecular interactions
e Measures both molecular size and shape

Furthermore, modern computer software allows fast and accurate data analysis.

Limitations of the Technique

Despite its advantages, the method also has some limitations.
e Requires specialized and expensive equipment
e Datainterpretation can be complex
e Experiments require careful calibration and setup

However, improved software tools have significantly simplified data analysis in recent years.

Conclusion

WWW.EASYBIOLOGYCLASS.COM


http://www.easybiologyclass.com/

EASY BIOLOGY CLASS

www.easybiologyclass.com EASY BloLOoY CLASS
Free Online Tutorials in Biology/Life Sciences * Biology Made Easy »

The analytical ultracentrifugation technique is a powerful method used to study
macromolecules in solution. By combining high-speed centrifugation with optical detection
systems, scientists can analyze molecular size, shape, and interactions.

Because it provides detailed information about proteins, DNA, and molecular complexes, this
technique remains an essential tool in modern biochemistry and molecular biology.
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