PROTEIN ELECTROPHORESIS
Protein electrophoresis is the movement of proteins within an electric field. Used to separate
proteins for the purposes of analysis and purification.
Native PAGE- non denaturing gel. No denaturing and reducing agent are used. It was
developed by Ornstein and Davis in 1964.
SDS PAGE- Sodium Dodecyl Sulfate (SDS) is added and reducing agents (beta
mercaptoethanol) also used. It was developed by Laemmli in 1970. Therefore, known as

Laemmli’s protocol.

Protein Electrophoresis Workflow

Method Selection

Consider the experimental goals in selecting
the appropriate electrophoresis method,
Instrumentation selection depends on the desired
resolution and throughput.
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Sample Preparation

The protein sample may be prepared from
a biological sample, or it may come from a step in
a purification workflow. In either case, prepare the
pratein at a concentration and in a buffer suitable
for electrophoresis.

Gel and Buffer Preparation A

Whether handcast or precast, the gel -~
type used should suit the properties of the protein
under investigation, the desired analysis technique,
and overall goals of the experiment. Buffer selection
depends on the gel type and type of
elecirophoresis performed.

Performing Electrophoresis

Gels are placed in the electrophoresis cell,
buffer is added, and samples are loaded. Select
running conditions that provide optimum resolution
while maintaining the temperature of the system
during separation,

Protein Detection and Analysis

Select a visualization technique that
maliches sensitivity requirements and available
Imaging equipment.

Fig. 1.2. Protein electrophorasis workflow,



Cross linked polyacrylamide gels are formed from the polymerization of acrylamide
monomer in the presence of smaller amounts of N,N’-methylenebisacrylamide (also known
as bis-acrylamide). Bis-acrylamide is two acrylamide molecules linked by a methylene group,
and is used as a cross-linking agent.

Polymerizaytion is an example of free radical catalysis and is initiated by the addition of
Ammonium Persulfate and the base N,N,N’,N’-tetramethylenediamine (TEMED). TEMED
catalyses the decomposition of the persulphate ion to give a free radical. Free radicals are
highly reactive species due to an unpaired elctron. This free radical (R*) attacks acyrlamide
monomer (M) generating RM*. This moiety will attack another M monomer and thereby
chain continues.

All the solutions are degassed as oxygen mops up the free radicals and degassing also helps
in prevention of air bubbles getting trapped in the gel.

Separating gel- to separate the proteins based on size.

Stacking gel- to concentrate the protein sample into a sharp band before it enters separating
gel.

Samples to be run on gel on SDS PAGE are boiled in buffer containing SDS, B-
mercaptoethanol, bromophenol blue and sucrose or glycerol.

SDS- binds and denatures the proteins. Proteins open in a rod shaped structure. On average,
one SDS molecule binds every 2 amino acids.

B-mercaptoethanol- reduces any disulfide bridges which are holding proteins tertiary
structure.

Bromophenol blue- ionisable tracking dye.

Sucrose or glycerol- provides density to the sample to settle in the well.
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Figure: Effect of SDS on the conformation and charge of a protein.
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Figure: Schematic of electrophoretic protein separation in a polyacrylamide gel. MW-Molecular Weight.



Stacking and separating gels differ by different poresize (4-6% and 10-20%
respectively), ionic strength and pH values (pH 6.8 or pH 8.8). The electrolyte most
frequently used is an SDS-containing Tris-glycine-chloride buffer system. At neutral pH,
glycine predominantly forms the zwitterionic form, at high pH the glycine lose positive
charges and become predominantly anionic. In the stacking gel, the smaller, negatively
charged chloride ions migrate in front of the proteins and the slightly larger, negatively and
partially positively charged glycinate ions migrate behind the proteins. Whereas in the
comparatively basic separating gel both ions migrate in front of the proteins. The pH gradient
between the stacking and separation gel buffers leads to a stacking effect at the border of the
stacking gel which concentrates the protein into a sharp band. This is achieved by utilising
differences in ionic strength and pH between the electrophoresis buffer and the stacking gel

buffer and involves a phenomenon known as Isotachophoresis.
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Fig. 2.2. Migration of proteins and buffer ions in a denaturing discontinuous PAGE system. A, Denatured sample proteins are loaded
into the wells; B, Voltage is applied and the samples move into the gel. The chlonde ions already present in the gel (leading ions) run faster
than the SD5-bound proteins and form an ion front. The ghycinate ions (trailing ions) low in from the running buffer and form a front behind
the proteins; G, A voltage gradient is created betweon the chlonde and glycinate ions, which sandwich the proteins in between them; D, The
proteins are stacked batween the chloride and glycinate ion fronts. At the interface between the stacking and resolving gels, the percentage
of acrylamide increases and the pore sive decreases, Movement of the proteins inte the resolving gel is met with increased resistance; E, The
smaller pore sive resolving gel begins to separate the proteins based on molecular waight only, since the charge to-mass ratio is equal in all
the proteins of the sample; F, The individual proteins are separated into band patterns ordered according to their molecular weights.

What are the Similarities Between SDS PAGE and Native PAGE?

e Both SDS PAGE and Native PAGE systems use polyacrylamide gel as the matrix of
the gel.

o Both are used for separation and identification of proteins.

o  Both use electrophoretic mobility to separate the compounds.

e  The visualizing of the gel can be done by staining methods in both techniques.
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Difference Between SDS PAGE and Native PAGE

SDS PAGE vs Native PAGE

SDS PAGE or Sodium-dodecyl sulfate PAGE
separates proteins based on their molecular
weight, and it uses a denaturing gel.

Native PAGE uses non-denaturing gels
and separates proteins based on their size,
charge and the shape (3D conformation).

Type o

f Gel

A denaturing gel is used in SDS-PAGE.

A non — denaturing gel is used in the
native PAGE.

Presence

of SDS

SDS is present as a detergent to impart a
negative charge on the sample in SDS PAGE.

SDS is not present in the native PAGE.

Separatio

n Basis

Separation of proteins depends on the
molecular weight of the protein in SDS
PAGE.

Separation depends on the size and shape
of the protein molecule in the native
PAGE.

Stability of the Protein

Stability of the protein is low in SDS PAGE.

Stability of protein is high in the native
PAGE.

Recovery of the Original Protein

Not possible as it is denatured in SDS PAGE.

| Possible on the native PAGE.

Reducing agent used

in the loading dye

-mercaptoethanol is present.

| B-mercaptoethanol is Absent.
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HPLC

Links: first two are quite informative
https://www.youtube.com/watch?v=1UwRWn9pEdg

https://www.youtube.com/watch?v=MLoitPJOH3qg

https://www.youtube.com/watch?v=kz egMtdnL4



https://www.youtube.com/watch?v=IUwRWn9pEdg
https://www.youtube.com/watch?v=MLoitPJQH3g
https://www.youtube.com/watch?v=kz_egMtdnL4

