Separation
Technigues in
Biochemistry

Separation techniques are fundamental tools in biochemistry, allowing
researchers toisolate, purify, and analyze the complex components of
biological systems. From centrifugation to chromatography and
electrophoresis, these techniques play a crucial role in the study of
proteins, nucleic acids, and other biomolecules, enabling scientists to gain
deeper insights into the structure, function, and interactions of these
essential biological entities.
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Introduction to Separation Techniques

1 Centrifugation

A powerful technique that utilizes the force of gravity to separate molecules

and particles based on their size, density, and sedimentation rate.
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A versatile separation method that exploits the differential interactions
between sample components and a stationary phase, allowing for the
isolation of specific biomolecules.

3 Electrophoresis

An analytical technigue that separates charged molecules, such as proteins

and nucleic acids, based on their size and charge, enabling the
characterization of complex mixtures.
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Rotor Specifications:
« 6-tube aluminum rotor for

fety Feature: 10/15 mL tubes
ntrifuge stops - 4,000 rpm

Centrifugation: Principles and
Applications

inning if lid is open | 1790 g's

Rotor Specifications:

afety Feature: 10715 mL tubes
Centrifuge stops + 4,000 rpm
+1790 g
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« On/Off button
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. On/Off button
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« Timer selection buttons

Principle

Centrifugation utilizes the force of
gravity to separate particles and
molecules based on their size,
density, and sedimentation rate. By
spinning a sample at high speeds, the
components within the sample are
separated into distinct layers or
pellets.

Ultracentrifugation

Applications

Centrifugation is widely used in
biochemistry for the separation and
purification of cells, organelles,
proteins, and other macromolecules. It
is particularly useful for the isolation of
viruses, cellular debris, and subcellular
fractions, such as mitochondria and
nuclei.

Specialized high-speed centrifuges, known as ultracentrifuges, can achieve even
Rubber suction feet for

increased grip and
_/ stability on table surfaces

higher gravitational forces, enabling the separation of smaller and more complex
biomolecules, such as ribosomes and viruses.



Column Chromatography: Gel Filtration and lon

Exchange

Gel Filtration

Also known as size-exclusion
chromatography, gel filtration separates
molecules based on their size and
shape. Larger molecules elute faster,
while smaller molecules are retained
longer, allowing for the purification of
proteins, nucleic acids, and other
biomolecules.

lon Exchange

This chromatographic technique
separates molecules based on their
charge. The stationary phase is a resin
containing charged functional groups
that interact with the charged groups on
the biomolecules, enabling their
separation and purification.

Affinity Chromatography

A specialized form of column
chromatography that exploits specific
interactions between a target molecule
and a ligand immobilized on the
stationary phase, allowing for the highly
selective isolation of biomolecules,
such as proteins and enzymes.



Principle

Affinity chromatography relies on
the specific interactions between
a target biomolecule and a
complementary ligand, such as
an antibody or a receptor,
immobilized on a solid support.
This allows for the highly selective
isolation and purification of the
target molecule from complex
mixtures.

Applications

Affinity chromatography is widely
used in biochemistry for the
purification of proteins, enzymes,
nucleic acids, and other
biomolecules. It is particularly
valuable for the isolation of rare or
low-abundance targets, providing
a powerful tool for characterizing
biological systems.

Affinity Chromatography: P uritying Biomolecules

Advantages

The high specificity of affinity
chromatography enables the
efficient separation and
purification of target molecules,
often in a single step, making it a
valuable technique for
downstream analysis and
applications, such as structural
studies, enzyme kinetics, and
Immunoassays.



Electrophoresis: Separating Proteins and Nucleic Acids

Gel Electrophoresis 1

This technique separates biomolecules, such as proteins and nucleic

acids, based on their size and charge as they migrate through a porous

gel matrix under the influence of an electric field. [ 2 ]7 Capillary Electrophoresis

Applications 3 }

Electrophoresis is a versatile tool in biochemistry, enabling the analysis

and characterization of complex mixtures of biomolecules, such as
proteins for proteomics studies, DNA for genetic analysis, and RNA for
transcriptomics research.

A miniaturized version of traditional gel electrophoresis, capillary
electrophoresis uses a narrow, fused-silica capillary tube instead of a
gel slab, providing faster separation, higher resolution, and increased

automation.
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High-Performance Liquid
Chromatography (HPLC)
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Sample Injection

The sample is injected into the HPLC system,
where itis carried by a mobile phase
through the stationary phase (column).
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Detection

The separated components are detected by
a variety of detectors, such as UV-Vis,
fluorescence, or mass spectrometry,
providing quantitative and qualitative

information.

Q

Separation

The sample components interact differently
with the stationary phase, causing them to
elute (come out) at different times, resulting
in their separation.
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Data Analysis

The resulting chromatogram is analyzed to
identify and quantify the individual
components in the sample, enabling their
characterization and purification.



Gas Chromatography (GC)

Vaporization

1 The sample is vaporized and injected into the GC instrument.

Separation

The vaporized sample components are carried by an inert gas

2 (mobile phase) through a narrow column (stationary phase), where
they separate based on their boiling points and interactions with the
column material.

Detection

3 The separated components are detected by a suitable detector,
such as a flame ionization detector (FID) or a mass spectrometer,
providing qualitative and quantitative information about the sample.
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Principle

Advantages

Applications

Capillary Electrophoresis (CE)

Capillary electrophoresis separates
charged molecules based on their size-to-
charge ratio as they migrate through a
narrow, fused-silica capillary under the
influence of an electric field.

CE offers high separation efficiency, rapid
analysis times, and the ability to handle
small sample volumes, making it a
powerful technique for the analysis of
biomolecules, such as proteins, nucleic
acids, and metabolites.

CE is widely used in biochemistry for the
analysis and characterization of complex
biological samples, including the
separation and quantification of proteins,
DNA sequencing, and the profiling of
cellular metabolites.



Emerging Technigues: Microfluidics and Lab-on-a-Chip

Microfluidics

Microfluidic devices use tiny channels
and chambers to manipulate and
analyze small volumes of fluids,
enabling the integration of multiple
separation and detection techniques
on a single chip. This miniaturization
allows for faster analysis, reduced
sample and reagent consumption,
and the potential for point-of-care

applications.

Lab-on-a-Chip

Lab-on-a-chip technology combines
microfluidics with various analytical
techniques, such as PCR,
electrophoresis, and chromatography,
to create compact, automated, and
highly integrated devices for the
analysis of biological samples. These
platforms offer enhanced sensitivity,
parallelization, and the potential for
portable, field-deployable
applications.

Future Potential

As these emerging techniques
continue to evolve, they hold great
promise for revolutionizing
biochemistry by enabling rapid,
efficient, and miniaturized analysis of
complex biological systems, paving
the



