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ANALYSISANALYSISANALYSISANALYSISANALYSISANALYSISANALYSISANALYSIS

� Proteomics has been said to be the next step from genomics

� Proteomics is the sudy of the proteome.

� The proteome is the complete complement of proteins found       

in a complete genome or specific tissue.
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Aims of Proteomics Aims of Proteomics 

� Detect the different proteins expressed by tissue, cell culture, or 

organism using 2-Dimensional Gel Electrophoresis 

� Store those information in a database

� Compare expression profiles between a healthy cell vs. a diseased cell 

� The data comparison can then be used for testing and rational drug 

design.
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Gel ElectrophoresisGel Electrophoresis

� Motion of charged molecules in an electric field.

� Polyacrylamide gel provides a porous matrix

� (PAGE ' Polyacrylamide Gel Electrophoresis)

� Sample is stained with Comassie blue to make it visible in the gel.

� Sample placed in wells on the gel.

11--D Gel electrophoresisD Gel electrophoresis

� Separation in only 1 dimension: 
size.

� Smaller molecules travel 

further through the gel then 
large molecules, thus 

separation.

11--D continued D continued 

� Electric field across gel separates molecules.
�Negatively charged molecules travel towards the 
positive terminal and vice-versa.

� Western blotting(Protein) not to be confused with Southern 
blotting (DNA) or Northern blotting (RNA) 

� Proteins are treated with the denaturing detergent SDS 
(sodium dodecyl sulfate) which coats the protein with 
negative charges, hence SDS-PAGE.

Sodium dodecylsulfate (SDS)Sodium dodecylsulfate (SDS)



6/4/2009

3

� A protein (pink line) when it is 
incubated with the denaturing 
detergent SDS. 

� Protein with negative and positive 
charges due to the charged R-groups 
of the particular amino acids. 

� The large H represents hydrophobic 
domains where nonpolar R-groups 
have collected in an attempt to 
get away from the polar water.

� The bottom portion shows that SDS 
can break up hydrophobic areas and 
coat proteins with many negative 
charges.

� The resulting protein has been 
denatured by SDS and as a result 
has been lenearized. 

� A slab of polyacrylamide 
(dark gray) with tunnels 
(different sized red rings 
with shading to depict 
depth) exposed on the edge. 

�A top view of two selected 
tunnels . These tunnels extend 
all the way through the gel, 
Notice the difference in 
diameter of the two tunnels. 

A mixutre of denatured proteins 
(pink lines of different lengths) 

begining their journey through a 
polyacrylamide gel (gray slab with 
tunnels). Since all the proteins have 

strong negative charges, they will 
all move in the direction the arrow 
is pointing (run to red). 

� Lane 1, molecular weight 
standards of known sizes; Lane 2, 
a mixture of three proteins of 
different sizes with a being the 
biggest and c being the smallest 
protein; Lane 3, protein a by 
itself; Lane 4, protein b by 
itself; Lane 5 protein c by 
itself.
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SDS-PAGE Silver staining and CBB stainingSilver staining and CBB staining

� How to notice certain different bands

� Broad-Way Prestained Protein Marker was applied to 15% 
denaturing SDS-PAGE (A) and 4-12% gradient SDS-PAGE (B) 
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22--D D –– Separation is based on size  and chargeSeparation is based on size  and charge

� First step is to separate based on charge or isoelectric point, 
called isoelectric focusing.

� Then separate based on size (SDS-PAGE).

Isoelectric Focusing Isoelectric Focusing 

� The isoelectric point is the pH at which the net charge of 
the protein molecule is neutral.  

� Different proteins have different isoelectric points.

� Isoelectric point is found by drawing the sample through a 
stable pH gradient.

� The range of the gradient determines the resolution of the 
separation.
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SDSSDS--PAGEPAGE

� Second Dimension.

� Separation by size.

� Run perpendicular to Isoelectric focusing.

� The only unresolved proteins after the first and second dimensions 

are those proteins with the same size and same charge – rare!

22--D Proteomics ExampleD Proteomics Example

22DD--PAGE Analysis SoftwarePAGE Analysis Software

�� 22DD--PAGEPAGE technologytechnology hashas beenbeen inin useuse forfor overover 2020 years,years, andand potentiallypotentially providesprovides
aa vastvast amountamount ofof informationinformation aboutabout aa proteinprotein samplesample..

�� However,However, duedue toto difficultiesdifficulties withwith datadata analysis,analysis, itit remainsremains onlyonly partiallypartially
exploitedexploited..
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Current state of software

� Correct identification and alignment of spots from the two

gels has generally been a process with a lot of manual

intervention - hence very slow.

� The processing power available with today’s PCs means
that automated analysis is starting to become possible.

� One vendor claims a throughput of 4 gel pairs per hour
can be compared and annotated by an experienced user

of their package.

Automated gel matching
� Gel matching, or “registration”, is the process of

aligning two images to compensate for warp.

� Some packages still require the user to identify

corresponding spots to help with gel matching.

� The Z3 program from Compugen has a fully-

automated gel matching algorithm:

� define set of small, unique rectangles.

� compute optimal local transformations for rectangles.

� Interpolate to make smooth global transformation.

� Note that this makes use of spot shape, streaks,

smears and background structure, which other

programs discard.

Spot detectionSpot detection

� Once the gel images have been matched, the
program automatically detects spots.
Algorithms are generally based on Gaussian
statistics.
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Western Blot AnalysisWestern Blot Analysis

� The western blot (alternately, immunoblot) is a method of 

detecting specific proteins in a given sample of tissue homogenate 
or extract. 

� The proteins are then transferred to a membrane (typically 
nitrocellulose or PVDF), where they are probed (detected) using 

antibodies specific to the target protein. 

� This method is used in the fields of molecular biology, biochemistry, 
immunogenetics and other molecular biology disciplines.

SemiSemi--Dry Blot apparatusDry Blot apparatus

Blotting PrincipleBlotting Principle

� Cell preparation

� Gel electrophoresis

� Transfer

� Blocking 

� Detection

one step or two step

� Analysis

The Procedure After Blotted
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Immunoblotting illustrationImmunoblotting illustration Detection and analysisDetection and analysis

� Colorimetric detection 

� Chemiluminescence

� Radioactive detection 

� Fluorescent detection 
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