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Unit 8:- Molecular Techniques 

● Detection of nucleic acid by gel electrophoresis 

● DNA sequencing (Sanger’s Method) DNA fingerprinting, RFLP 

● Polymerase Chain Reaction (PCR) 

● Detection of proteins, PAGE, ELISA, Western blotting 

 

Molecular Techniques 

Molecules: Cellular molecule like DNA RNA and Proteins etc. 

Techniques: Methods or tools used to study biological molecules. These techniques are 

important for separation, extraction and analysis of molecules. Ex. Gel electrophoresis, 

PCR, western blotting, southern blotting, ELISA, DNA fingerprinting etc. 

Gel electrophoresis 

Gel electrophoresis is a laboratory 

technique used to separate 

mixtures of DNA, RNA, or 

proteins based on their size, 

charge, and other physical 

properties. The process involves 

applying an electric field to a gel 

matrix, causing charged 

molecules to move through the 

gel at different rates depending on their characteristics. 

Gel electrophoresis process:                                         Gel electrophoresis apparatus 

The Gel (a semi-solid substance)   

   - The gel is made of agarose for DNA and RNA or polyacrylamide for proteins. 
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   - The gel creates a mesh-like structure that acts as a molecular sieve, allowing smaller 

molecules to move faster than larger ones. 

The Sample   - The sample to be separated (DNA, RNA, or protein) is prepared and 

mixed with a loading buffer that helps it sink into the wells of the gel. 

   - DNA or RNA is typically stained with a dye Ethidium bromide that fluoresces under 

UV light, making it visible after separation. 

 Electric Field 

   - The gel is placed in an electrophoresis chamber, and a buffer solution is added to 

maintain the pH and conduct electricity. 

   - An electric current is applied: the negatively charged molecules (like DNA, will 

move towards the positively charged electrode (the anode). DNA is negatively charged 

due to its phosphate backbone. 

Separation   - As the molecules move through the gel, they encounter resistance from 

the gel matrix. Larger molecules travel more slowly, while smaller molecules move 

faster. 

   - The molecules are separated based on their size, with smaller ones migrating farther 

and faster than larger ones. 

Visualization   - After the run is complete, the gel is stained and analyzed. For DNA or 

RNA, the gel is typically visualized using UV light, as the dyes bound to the nucleic 

acids fluoresce. 

   - For protein gels, methods like Coomassie blue or silver staining can be used for 

visualization. 

Applications of Gel Electrophoresis 

-DNA Analysis: Gel electrophoresis is commonly used in molecular biology for tasks 

like DNA fingerprinting, PCR product analysis, restriction fragment length 

polymorphism (RFLP) analysis, and genotyping. 
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- Protein Analysis: It is used in proteomics to analyze protein mixtures, study protein 

size, and purity, or investigate post-translational modifications. 

- RNA Analysis: Gel electrophoresis can be used to separate RNA molecules by size, 

such as during the analysis of mRNA or small RNA species. 

Types of Gel Electrophoresis 

1. Agarose Gel Electrophoresis: Commonly used for DNA and RNA. It is a simpler and 

more widely used method for larger nucleic acid molecules. 

2. Polyacrylamide Gel Electrophoresis (PAGE): Used primarily for proteins and small 

nucleic acids, PAGE offers higher resolution than agarose gels. 

Gel electrophoresis is a powerful and versatile technique used in molecular biology and 

biochemistry for the analysis and separation of macromolecules. 

 

DNA sequencing 

DNA sequencing is a laboratory technique used to determine the exact order of 

nucleotides (the building blocks of DNA) in a molecule of DNA. This process helps 

scientists understand genetic information carried in an organism's genome, which can 

be crucial for various biological and medical studies.  

Steps in DNA Sequencing: 

1. DNA Extraction: First, DNA is extracted from the cells of the organism. 

2. DNA Fragmentation: The extracted DNA is often broken into smaller pieces to make 

sequencing manageable. 

3. Sequencing: The DNA fragments are then sequenced, determining the sequence of 

nucleotides (A, T, C, G) in each fragment. 

4. Data Analysis: The resulting sequence data is analyzed using bioinformatics tools to 

assemble the fragments into a complete sequence and interpret the genetic information. 

Types of DNA Sequencing: 

1. Sanger Sequencing (Chain-Termination Method): 
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   - The oldest and most widely known method. 

   - Uses dideoxynucleotides (ddNTPs), which stop DNA synthesis, allowing 

researchers to determine the nucleotide sequence by the fragments' lengths. 

2. Next-Generation Sequencing (NGS): 

   - A set of modern sequencing technologies that allow for high-throughput sequencing. 

   - It can sequence millions of DNA fragments 

simultaneously, making it faster and cheaper than 

Sanger sequencing. 

   - Examples include Illumina, PacBio, and Oxford 

Nanopore technologies. 

3. Third-Generation Sequencing (Long-Read 

Sequencing): 

   - Methods like PacBio and Oxford Nanopore 

provide long reads, enabling more accurate 

assemblies of genomes and better handling of 

repetitive regions. 

DNA sequence                                                                                                                                    

  Applications of DNA Sequencing: 

1. Genomics: Understanding complete genomes of organisms, including humans, 

animals, plants, bacteria, etc. 

2. Disease diagnosis: Identifying genetic mutations that cause diseases like cancer, 

genetic disorders, or infections. 

3. Evolutionary Studies: Studying the genetic relationships between species and how 

they evolve over time. 

4. Forensic Science: DNA fingerprinting for crime scene investigations and paternity 

tests. 
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DNA sequencing continues to revolutionize fields such as medicine, biology, and 

genetics, providing detailed insights into the molecular foundations of life. 

Sanger Sequencing, also known as the Chain-Termination Method, is one of the most 

widely used DNA sequencing techniques. Developed by Frederick Sanger and his 

colleagues in 1977, this method was pivotal in decoding the first complete genome (the 

bacteriophage φX174), and has since been essential in sequencing smaller DNA 

fragments or targeted regions of the genome. 

Principle of Sanger Sequencing 

The principle behind Sanger sequencing is the use of dideoxynucleotides (ddNTPs), 

modified versions of the normal nucleotides (dNTPs) that are missing a hydroxyl group 

(OH) on the 3' carbon of the sugar. This structural difference prevents further 

elongation of the DNA strand once a ddNTP is incorporated. When a ddNTP is added, 

the synthesis of the DNA strand is terminated. The result is a collection of DNA 

fragments of various lengths, each terminated at a specific nucleotide. 

Steps in Sanger Sequencing 

1. DNA Template Preparation: 

   - The DNA to be sequenced is first isolated from a sample and denatured into single-

stranded DNA. 

   2. Primer Annealing: 

   - A short primer (a single-stranded piece of DNA) is attached to the 3' end of the 

template DNA. The primer provides a starting point for DNA polymerase to begin 

extending the DNA strand. 

   3. DNA Extension with Modified Nucleotides: 

   - Four separate reaction mixtures are prepared, each containing the DNA template, the 

primer, DNA polymerase, normal deoxynucleotides (dATP, dTTP, dCTP, dGTP), and 

one of the four dideoxynucleotides (ddATP, ddTTP, ddCTP, ddGTP). These ddNTPs 

are labeled with different fluorescent dyes, allowing for identification. 
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   - In each reaction, the DNA polymerase synthesizes new strands of DNA by adding 

the complementary normal dNTPs to the growing strand. Occasionally, a ddNTP is 

incorporated instead of a regular dNTP, leading to the termination of strand elongation 

at a specific base. 

4. Fragment Separation: 

   - After the reaction, the resulting DNA fragments (ranging in length from just one 

nucleotide to the length of the original DNA strand) are separated by size using 

capillary electrophoresis. In this process, the fragments are passed through a gel or 

capillary tube under an electric field, with shorter fragments migrating faster than 

longer ones. 

5. Reading the Sequence: 

   - As the fragments move through the electrophoresis system, they pass a detector that 

reads the fluorescence emitted by the different labeled ddNTPs. Since each ddNTP is 

labeled with a different color, the sequence of colors detected corresponds to the 

nucleotide sequence of the original DNA strand. 

      - The output is a chromatogram, where peaks correspond to specific bases (A, T, 

C, G). The order of these peaks reveals the nucleotide sequence of the template DNA. 

Salient Features of Sanger Sequencing 

- Accuracy: Sanger sequencing is known for its high accuracy, with error rates typically 

lower than 1% in most cases. 

- Length of Reads: Sanger sequencing typically produces reads of around 800-1000 

base pairs. This is ideal for sequencing smaller DNA fragments or specific regions of 

the genome. 

- Cost and Throughput: Although it is more expensive and slower compared to next-

generation sequencing methods, Sanger sequencing is still widely used for applications 

like validating results from NGS or sequencing smaller regions like genes. 

Applications of Sanger Sequencing 
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1. Gene Sequencing: For sequencing individual genes or smaller genomic regions. 

2. Mutation Detection: Identifying specific mutations or genetic variants associated with 

diseases. 

3. DNA Cloning: Verifying the sequence of inserted DNA fragments in cloning 

experiments. 

4. Forensic Analysis: Used in DNA fingerprinting for forensic investigations, paternity 

testing, and criminal cases. 

5. Diagnostic Sequencing: Sequencing to identify mutations in specific genes that cause 

inherited disorders. 

DNA fingerprinting  

(Also known as DNA profiling) is a technique used to identify individuals based on the 

unique patterns in their DNA. It is widely used in forensic science, paternity testing, and 

genetic studies to match individuals to specific biological material. 

Principle of DNA Fingerprinting 

DNA fingerprinting works by analyzing specific regions of the genome that vary 

greatly between individuals, even between members of the same species. These regions 

include: 

1. Variable Number Tandem Repeats (VNTRs): 

   - VNTRs are repetitive sequences of DNA that are found at specific locations on the 

chromosomes. The number of repeats can vary greatly between individuals, which 

makes them useful for identification purposes. 

2. Short Tandem Repeats (STRs): 

   - STRs are short sequences of DNA that are repeated a variable number of times (e.g., 

2-6 bases). STRs are highly polymorphic (i.e., they show a lot of variation between 

individuals), making them ideal for DNA fingerprinting. 

3. Other Polymorphic Markers: 
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   - Single nucleotide polymorphisms (SNPs), which are variations at single nucleotide 

positions in the genome, can also be used for DNA profiling, but STRs are more 

commonly employed due to their higher variability. 

Steps in DNA Fingerprinting 

1. DNA Extraction: 

   - The first step involves collecting a biological sample (e.g., blood, saliva, hair, or 

skin) and extracting the DNA from the cells. 

2. DNA Amplification (PCR): 

   - Once the DNA is extracted, the target regions (such as STRs or VNTRs) are 

amplified using Polymerase Chain Reaction (PCR). PCR is a technique that makes 

many copies of specific DNA sequences to make them easier to analyze. 

3. DNA Fragmentation: 

   - The amplified DNA is then cut into fragments using restriction enzymes. These 

enzymes act as molecular scissors, cutting the DNA at specific sequences, producing 

different-sized fragments based on the number of repeats in the target regions. 

4. Gel Electrophoresis: 

   - The DNA fragments are then separated by size using gel electrophoresis. In this 

process, the DNA is loaded into a gel matrix, and an electric current is passed through. 

Since DNA is negatively charged, it moves toward the positive electrode. Smaller 

fragments move faster through the gel, while larger fragments move more slowly. 

5. Visualization and Analysis 

   - The separated DNA fragments are visualized using a staining method or by 

detecting radioactive or fluorescent markers attached to the fragments. The result is a 

unique pattern of bands that corresponds to the DNA profile of the individual. 

6. Interpretation: 

   - The banding pattern is compared against known samples (e.g., in criminal 

investigations or paternity tests) to determine identity or to match individuals. The 
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number and size of the STRs or VNTRs in the pattern are what provide the unique 

fingerprint for each individual. 

 

Applications of DNA Fingerprinting 

1. Forensic Science: 

   - Criminal Investigations: DNA fingerprinting is commonly used to match biological 

evidence (like blood, hair, or semen) 

found at crime scenes with suspects. 

   -Exoneration of Innocent People: It has 

been instrumental in clearing 

wrongfully convicted individuals by 

proving their innocence through DNA 

evidence. 

2. Paternity and Relationship Testing: 

   - DNA fingerprinting is used in paternity testing to confirm or exclude the biological 

relationship between a child and an alleged father. It can also be used to confirm other 

familial relationships like sibling or grandparent relationships. 

3. Identification in Missing Persons Cases: 

   - DNA fingerprinting can help identify missing persons, especially in cases of mass 

disasters or unidentifiable remains, where other methods (like facial recognition) are not 

possible. 

4. Wildlife Conservation and Animal Breeding: 

   - In wildlife conservation, DNA fingerprinting can be used to track animal 

populations, prevent illegal poaching, and ensure genetic diversity in breeding 

programs. 

   - It is also used in agriculture to select animals with desirable traits. 

5. Genetic Research: 
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   - Researchers use DNA fingerprinting to study genetic diversity within populations, 

trace human migration patterns, or investigate the genetic relationships between species. 

DNA fingerprinting has become an essential tool in modern science, criminal justice, 

and genetics. Its ability to identify individuals with a high degree of accuracy has made 

it invaluable in forensic investigations, paternity testing, and research.  

RFLP (Restriction Fragment Length Polymorphism) is a molecular technique used 

to analyze variations in DNA sequences based on the differences in the lengths of 

restriction enzyme-digested DNA fragments. It is a type of DNA fingerprinting and is 

widely used in genetic mapping, gene identification, and various types of genetic 

studies. 

Principle of RFLP 

RFLP detects variations in DNA sequences by identifying differences in the lengths of 

DNA fragments that are produced when DNA is cut with restriction enzymes. These 

differences can occur due to mutations or variations in the recognition sites of the 

enzymes or in the presence or absence of restriction enzyme recognition sites. 

Working of RFLP  

1. DNA Extraction:  

   - The first step in RFLP analysis is extracting DNA from the sample (e.g., blood, 

tissue, or other biological material). 

2. Restriction Enzyme Digestion: 

   - The DNA is treated with restriction enzymes that cut the DNA at specific sequences 

(recognition sites). These enzymes act as molecular scissors, breaking the DNA into 

fragments of different sizes. The specific cut pattern depends on the presence and 

location of the recognition sites within the DNA. 

3. Gel Electrophoresis: 

   - The DNA fragments produced by restriction enzyme digestion are separated by size 

using gel electrophoresis. The fragments are loaded into a gel matrix and subjected to 
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an electric field. DNA, being negatively charged, migrates towards the positive 

electrode, with shorter fragments traveling faster than longer ones. 

4. Southern Blotting: 

   - To identify specific DNA sequences within the fragments, the DNA fragments 

separated by electrophoresis can be transferred to a membrane (a process known as 

Southern blotting). 

   - The membrane is then probed with a labeled DNA probe that is complementary to 

the sequence of interest. This allows for the detection of specific RFLP patterns 

corresponding to the probe's sequence. 

5. Analysis: 

   - The fragment pattern (the length of fragments) obtained from the gel is compared 

across different samples. Differences in the size of the fragments (due to genetic 

variation in the recognition sites of the restriction enzymes) can indicate variations 

between individuals or between species. 

Salient Features of RFLP 

- Polymorphism: RFLP is based on polymorphisms in the DNA, meaning differences in 

the DNA sequence that can be inherited and detected. These polymorphisms can arise 

from mutations, deletions, or insertions that affect the recognition sites for the 

restriction enzymes. 

- Highly Specific: RFLP can detect variations in specific genomic regions and provides 

highly reproducible and specific results. 

- Sensitivity: RFLP can detect very small variations in DNA sequences and is capable 

of identifying polymorphisms in both coding and non-coding regions of the genome. 

Applications of RFLP 

1. Genetic Mapping 

   - RFLP is widely used in genetic linkage analysis to map genes and identify genetic 

markers associated with diseases or traits. The variations in the RFLP patterns (or 
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genetic markers) can be linked to specific traits, allowing researchers to map the genetic 

loci on chromosomes. 

2. Genetic Diversity Studies: 

   - RFLP analysis can be used to assess genetic variation within populations, species, or 

between different species. It helps understand the genetic diversity in plant, animal, and 

microbial populations. 

3. Forensic Identification: 

   - RFLP can be used in forensic science for DNA profiling to identify individuals 

based on the unique pattern of their DNA. Although this has been largely replaced by 

STR analysis in forensic science due to higher throughput and ease of use, RFLP 

remains a powerful tool for genetic analysis. 

4. Paternity Testing: 

   - RFLP can be used in paternity testing to compare the DNA of a child and a potential 

father, based on the patterns of restriction fragments. 

5. Detection of Genetic Disorders: 

   - RFLP can be used to identify genetic mutations or mutations in specific genes that 

cause diseases, such as cystic fibrosis, sickle cell anemia, or Huntington's disease. 

6. Plant and Animal Breeding: 

   - In agricultural research, RFLP can help identify desirable traits in plants and 

animals. It allows breeders to select individuals with specific genetic markers that 

indicate beneficial traits like disease resistance, high yield, or favorable quality. 

 

RFLP is a powerful and highly precise technique for studying genetic variation and has 

a wide range of applications in genetic research, forensic analysis, paternity testing, and 

more 

Polymerase Chain Reaction (PCR) is a widely used molecular biology technique to 

amplify specific segments of DNA, creating millions of copies of a particular DNA 
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sequence from a small initial sample. This technique, invented by Kary Mullis in 1983, 

revolutionized molecular biology, genetics, and diagnostics by allowing the analysis of 

tiny amounts of DNA. 

Principle of PCR 

PCR works by mimicking the natural DNA replication process, using a heat-stable 

DNA polymerase enzyme to replicate a targeted DNA sequence. The process involves 

repeated cycles of heating and cooling, enabling the amplification of a specific DNA 

region exponentially. 

Components of PCR  

1. DNA Template: The DNA that contains the region to 

be amplified. This is the source DNA sample that will 

be copied. 

  2. Primers: Short single-stranded DNA sequences that 

are complementary to the regions at the 3' ends of the 

target DNA sequence. Two primers are used: one for 

the forward strand (forward primer) and one for the 

reverse strand (reverse primer). 

   3. DNA Polymerase: The enzyme that synthesizes the new DNA strand. The most 

commonly used enzyme is Taq polymerase, a heat-stable enzyme derived from the 

bacterium Thermus aquaticus. This enzyme can withstand the high temperatures 

required for the denaturation step. 

  4. Nucleotide Mix (dNTPs): A mixture of the four deoxynucleotide triphosphates 

(dATP, dTTP, dCTP, and dGTP) that are incorporated into the growing DNA strands. 

5. Buffer Solution: A solution that provides the necessary environment (optimal pH, salt 

concentration) for the DNA polymerase to function properly during the amplification 

process. 

The PCR Cycle 
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PCR amplification consists of three main steps that are repeated for multiple cycles, 

typically 20-40 times, to exponentially amplify the target DNA: 

1. Denaturation (94-98°C): 

   - The double-stranded DNA template is heated to a high temperature (usually 94–

98°C) to break the hydrogen bonds between the complementary base pairs, resulting in 

the separation of the two DNA strands. 

2. Primer Annealing (50-65°C): 

   - The temperature is lowered to allow the primers to bind (anneal) to their 

complementary sequences on the single-stranded DNA templates. This step typically 

occurs at a temperature between 50°C and 65°C, depending on the length and GC 

content of the primers. 

3. Extension (72°C): 

   - The temperature is raised to the optimal working temperature for the DNA 

polymerase (usually around 72°C for Taq polymerase). The polymerase adds 

nucleotides (from the dNTP mix) to the 3' end of the primers, synthesizing the 

complementary strand of DNA, effectively extending the DNA sequence. 

With each PCR cycle, the number of DNA molecules doubles, leading to exponential 

amplification of the target DNA. For example: 

- After 1 cycle: 2 copies of the target DNA. 

- After 2 cycles: 4 copies. 

- After 3 cycles: 8 copies, and so on. 

This amplification process allows even a very small amount of DNA to be copied to a 

detectable level. 

Applications of PCR 

1. DNA Cloning: PCR is used to amplify specific genes or DNA regions for cloning 

into vectors, allowing the study or production of proteins encoded by the genes. 
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2. Forensic Science: PCR is extensively used in DNA fingerprinting to analyze small 

DNA samples from crime scenes, such as blood, hair, or saliva, for identification 

purposes. 

3. Medical Diagnostics: 

   - Infectious Disease Testing: PCR can detect DNA or RNA from pathogens (such as 

viruses, bacteria, and fungi) in patient samples, even in very low concentrations. For 

example, PCR is used in detecting HIV, COVID-19, tuberculosis, and hepatitis 

infections. 

   - Genetic Disorders: PCR is used to diagnose genetic conditions caused by mutations 

in specific genes (e.g., cystic fibrosis, sickle cell anemia, or muscular dystrophy). 

4. Gene Expression Analysis: PCR is used to study gene expression by amplifying 

messenger RNA (mRNA) sequences after converting them into complementary DNA 

(cDNA) through a process called reverse transcription PCR (RT-PCR). 

5. Evolutionary Biology: PCR helps researchers amplify and study ancient DNA or 

degraded samples to investigate evolutionary relationships, such as studying extinct 

species or ancient human populations. 

6. Quantitative PCR (qPCR or RT-qPCR):- 

   - This variation of PCR allows the quantification of DNA or RNA levels in a sample, 

making it possible to measure gene expression levels or viral load in medical 

diagnostics. 

Polymerase Chain Reaction (PCR) is a powerful and versatile tool that has become a 

cornerstone of modern molecular biology, diagnostics, forensics, and research. Its 

ability to amplify specific DNA sequences from minute samples has opened up 

countless possibilities across fields like genetics, medicine, and criminal justice. 
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Detection of Proteins:- 

The detection and analysis of proteins is a critical aspect of molecular biology, 

biochemistry, and proteomics. There are several methods for detecting proteins, each 

based on different principles. Some common techniques include: 

1. Western Blotting (Immunoblotting): 

   - Western blotting is a widely used technique to detect specific proteins within a 

complex mixture. 

   - The protein sample is first separated by SDS-PAGE (a type of gel electrophoresis), 

and then transferred onto a membrane (such as nitrocellulose). 

   - The membrane is incubated with a primary antibody specific to the target protein, 

followed by a secondary antibody conjugated with an enzyme or a fluorescent tag. 

   - Detection is achieved through chemiluminescence or fluorescence, allowing 

visualization of the target protein based on its size and the intensity of the signal. 

2. Enzyme-Linked Immunosorbent Assay (ELISA): 

   - ELISA is a quantitative technique used to detect and measure the concentration of 

proteins, often used in diagnostics. 

   - In a typical sandwich ELISA, the target protein is captured by a primary antibody 

bound to a solid surface (like a microplate). 

   - A secondary antibody, conjugated with an enzyme, binds to the target protein, and 

the enzyme's activity is used to generate a measurable signal, such as color change. 

3. Mass Spectrometry: 

   - Mass spectrometry is a powerful tool for identifying proteins and characterizing 

their structure. It involves ionizing proteins and measuring their mass-to-charge ratios. 

   - Proteins can be digested into smaller peptides using enzymes (such as trypsin), and 

then these peptides are analyzed to identify the protein and its post-translational 

modifications. 
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4. Protein Assays: 

   - Protein assays like the Bradford assay or BCA (bicinchoninic acid) assay are 

commonly used to determine the concentration of proteins in a sample. 

   - These assays rely on colorimetric changes, where a reagent reacts with the protein, 

and the intensity of the color change is proportional to the protein concentration. 

Polyacrylamide Gel Electrophoresis (PAGE): 

Polyacrylamide Gel Electrophoresis (PAGE) is a powerful and widely used technique 

for separating proteins based on their size, charge, and other properties. It is often used 

in combination with other techniques like Western blotting for protein analysis. 

Principle of PAGE: 

 PAGE works by applying an electric field to a gel matrix made of polyacrylamide. 

Proteins migrate through this matrix at different rates based on their size, shape, and 

charge. 

Smaller proteins migrate faster through the gel, while larger proteins encounter more 

resistance and move more slowly. 

Types of PAGE: 

1. Native PAGE: 

   - In native PAGE, proteins are separated based on their size, charge, and shape in their 

native (unfolded) state. 

   - The proteins retain their biological activity after separation. 

   - Native PAGE can be used to study protein-protein interactions, enzyme activity, and 

the overall structure of proteins. 

   - The proteins in native PAGE are not denatured, so they maintain their functional 

properties, which allows for their analysis in their natural state. 

2. SDS-PAGE (Sodium Dodecyl Sulfate PAGE): 

   - SDS-PAGE is a type of denaturing PAGE that uses the detergent SDS to denature 

proteins, unfolding them into linear polypeptide chains. 
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   - SDS binds to proteins in a constant ratio (1.4 g SDS per 1 g protein), imparting a 

negative charge to the protein molecules, which causes them to move toward the 

positive electrode. 

   - In SDS-PAGE, proteins are separated primarily based on their molecular weight 

rather than charge or shape because the SDS-treated proteins have a uniform charge-to-

mass ratio. 

   - This method is particularly useful for determining the molecular weight (size) of 

proteins and for analyzing the purity of protein samples. 

   - After separation, the proteins are often stained with Coomassie Brilliant Blue or 

silver staining to visualize the protein bands. 

3. Isoelectric Focusing (IEF): 

   - In isoelectric focusing, proteins are separated based on their isoelectric point (pI), 

the pH at which a protein has no net charge. 

   - The protein mixture is loaded onto a gel with a pH gradient, and when an electric 

field is applied, proteins migrate until they reach a pH where their charge is neutral (pI). 

   - This technique is often combined with SDS-PAGE for two-dimensional 

electrophoresis (2D-PAGE), where proteins are first separated by their pI and then by 

their molecular weight. 

4. Two-Dimensional Gel Electrophoresis (2D-Gel Electrophoresis): 

   - 2D-Gel electrophoresis combines isoelectric focusing (IEF) and SDS-PAGE to 

separate proteins in two dimensions: 

     1. First Dimension: Proteins are separated based on their isoelectric point (pI) by 

isoelectric focusing. 

     2. Second Dimension: The separated proteins are then subjected to SDS-PAGE, 

which separates them based on their molecular weight. 

   - This method provides a highly detailed protein profile and is commonly used in 

proteomics for large-scale protein analysis. 
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Steps Involved in SDS-PAGE: 

1. Sample Preparation: 

   - Protein samples are mixed with an SDS sample buffer, which contains SDS (for 

denaturation), reducing agents (like DTT or β-mercaptoethanol) to break disulfide 

bonds, and a tracking dye (to visualize migration during electrophoresis). 

2. Gel Preparation: 

   - A polyacrylamide gel is prepared with different concentrations of acrylamide, which 

determine the pore size of the gel. Higher acrylamide concentrations result in smaller 

pores, useful for separating smaller proteins, while lower concentrations are better for 

larger proteins. 

  3. Loading and Running the Gel: 

   - The protein samples are loaded into wells at the top of the gel. An electric field is 

applied, and the proteins move through the gel from the negative to the positive pole. 

 4. Staining: 

   - After electrophoresis, the gel is stained with a dye such as Coomassie Brilliant Blue 

or silver stain to visualize the separated protein bands. 

5. Visualization and Analysis: 

   - The stained protein bands are visualized using a gel imaging system or by manual 

observation, and the size of the proteins is estimated by comparing their migration 

distance to a protein molecular weight marker (a ladder containing proteins of known 

sizes). 

Applications of PAGE: 

- Protein Purity Analysis: SDS-PAGE is commonly used to check the purity of proteins, 

especially in recombinant protein production. 

- Determining Protein Size: By comparing the migration of an unknown protein with 

that of a protein marker, SDS-PAGE can be used to estimate the molecular weight of 

proteins. 
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- Protein Identification: After separating proteins on a PAGE gel, proteins can be 

transferred to a membrane for Western blotting or analyzed using mass spectrometry. 

- Study of Protein-Protein Interactions: Native PAGE is used to study proteins in their 

native conformation, which is important for understanding protein function and 

interactions. 

  PAGE is a powerful and widely used technique for protein separation and analysis. 

When combined with methods like Western blotting, it enables the identification, 

quantification, and characterization of proteins.  

Enzyme-Linked Immunosorbent Assay (ELISA) 

Enzyme-Linked Immunosorbent Assay (ELISA) is a sensitive, versatile, and widely 

used biochemical technique designed to detect and quantify specific proteins, 

antibodies, hormones, or other molecules in biological samples. The method is based on 

the principle of antigen-antibody interactions, where the target molecule (antigen) is 

detected by a specific antibody that is conjugated to an enzyme. The enzyme produces a 

measurable signal (usually color change) upon adding a substrate.  

 

 

 

 

 

 

 

 

 

 

 

Enzyme linked Immunosorbent assay 
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Principle of ELISA:- 

ELISA works by using an enzyme that is linked to an antibody or antigen. When the 

antibody binds to its target antigen, the enzyme reacts with a substrate to produce a 

color change, generating a measurable signal. The intensity of the color is proportional 

to the concentration of the antigen or antibody in the sample. 

Types of ELISA:- 

There are four main types of ELISA, each with slight variations in how the antigen and 

antibody are captured and detected: 

1. Direct ELISA: 

   - In direct ELISA, the antigen is immobilized on the surface of the microplate. A 

primary antibody that is directly conjugated to an enzyme binds to the antigen. The 

enzyme then reacts with the substrate to produce a color change, indicating the presence 

of the antigen. 

   Advantages: Simple and quick since it uses only one antibody. 

   Disadvantages: Less sensitive because there’s no amplification step. 

2. Indirect ELISA: 

   - In indirect ELISA, the antigen is immobilized on the plate, and the sample is 

incubated with a primary antibody. Afterward, a secondary antibody (which is 

conjugated with an enzyme) is added. This secondary antibody binds to the primary 

antibody, allowing for signal amplification. 

   - Advantages: More sensitive because of the signal amplification step. 

   - Disadvantages: Requires two antibodies (primary and secondary), which can 

increase the possibility of nonspecific binding. 

3. Sandwich ELISA: 

   - In sandwich ELISA, the microplate is coated with a capture antibody specific to the 

target antigen. The sample is then added, and the antigen (if present) binds to the 
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capture antibody. A second antibody, called the detection antibody, is added next. This 

antibody is conjugated with an enzyme and binds to a different epitope on the antigen. 

   - Advantages: Highly specific and sensitive, as it requires two antibodies to bind the 

antigen. 

   - Disadvantages: More complex and requires high-quality antibodies that do not 

cross-react. 

4. Competitive ELISA: 

   - In competitive ELISA, the antigen in the sample competes with a labeled version of 

the same antigen for binding to a limited amount of antibody. The amount of color 

change is inversely proportional to the amount of target antigen in the sample. 

   - Advantages: Suitable for detecting small antigens or low-abundance molecules. 

   - Disadvantages: Less straightforward than other types because it uses competition. 

Steps Involved in an ELISA 

1. Coating the Microplate: 

   - A microplate (usually a 96-well plate) is coated with a capture antibody (for 

sandwich or indirect ELISA) or antigen (for direct ELISA). 

   2. Blocking:- 

   - To prevent nonspecific binding, a blocking solution (often containing milk proteins, 

BSA, or casein) is added to cover any unbound sites on the plate. 

3. Adding the Sample: 

   - The sample, which may contain the target antigen or antibody, is added to the wells. 

If the target is present, it binds to the antibody (in the case of indirect or sandwich 

ELISA) or the antigen (in the case of direct ELISA). 

4. Binding of Antibodies: 

   - A primary antibody (or detection antibody in sandwich ELISA) is added to the well. 

The primary antibody binds specifically to the antigen or the antibody of interest in the 

sample. 
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5. Enzyme-Conjugated Secondary Antibody (for indirect and sandwich ELISA): 

   - A secondary antibody conjugated to an enzyme (e.g., horseradish peroxidase (HRP) 

or alkaline phosphatase (AP) is added. This enzyme catalyzes the conversion of a 

substrate into a detectable signal (color change). 

6. Substrate Addition: 

   - The substrate for the enzyme is added, and the enzyme catalyzes a reaction that 

produces a color change, fluorescence, or chemiluminescence, depending on the type of 

ELISA. The intensity of the signal is directly proportional to the amount of antigen or 

antibody in the sample. 

7. Detection: 

   - The reaction is measured using a spectrophotometer for colorimetric assays or a 

fluorometer for fluorescence-based assays. The signal is quantified, typically by 

measuring the absorbance or fluorescence intensity in the corresponding well. 

Applications of ELISA 

1. Disease Diagnosis: 

   - Infectious Disease Detection: ELISA is commonly used to detect infections, such as 

HIV, Hepatitis B and C, and COVID-19, by detecting either antibodies or antigens in 

patient samples. 

   - Hormone and Protein Detection: ELISA can be used to measure hormones (e.g., 

insulin, thyroid hormones) or protein biomarkers (e.g., cancer markers, cytokines). 

   - Allergy Testing: ELISA is used for detecting specific IgE antibodies in the blood to 

diagnose allergies. 

2. Food and Beverage Testing: 

   - ELISA is used for detecting food contaminants such as mycotoxins, pesticides, and 

pathogens like Salmonella or E. coli. 

3. Environmental Testing: 
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   - ELISA is used to monitor environmental pollutants, such as detecting pesticides, 

toxins, and pathogens in water or soil samples. 

4. Research: 

   - Protein Quantification: ELISA is used in research labs to quantify proteins, detect 

interactions, and study molecular biology. 

   - Vaccine Development: ELISA is often used to measure immune responses in 

vaccine studies by detecting specific antibodies produced in response to a vaccine. 

Advantages of ELISA 

- High Sensitivity: ELISA can detect very low concentrations of antigens or antibodies. 

- Quantitative: ELISA provides quantitative data, allowing researchers to measure the 

concentration of a target molecule in a sample. 

- Specificity: The use of antibodies provides high specificity for the target molecule. 

- Versatility: ELISA can be adapted to detect a wide range of analytes, including 

proteins, hormones, antibodies, and small molecules. 

- Relatively Simple and Cost-Effective: The method does not require sophisticated 

equipment and is relatively easy to perform, making it suitable for routine diagnostics 

and large-scale screening. 

Limitations of ELISA 

- Cross-Reactivity: Non-specific binding of antibodies may lead to false positives or 

false negatives. 

- False Results: Variations in sample preparation, reagent quality, and conditions can 

sometimes lead to erroneous results. 

- Requires Antibodies: The effectiveness of ELISA depends on the availability and 

specificity of high-quality antibodies, which can sometimes be difficult to obtain for 

certain targets. 

Conclusion 
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ELISA is a highly sensitive and reliable technique used for detecting and quantifying 

antigens, antibodies, and other molecules in complex biological samples. Its 

applications range from medical diagnostics and research to food safety and 

environmental testing. The versatility, sensitivity, and ability to provide quantitative 

results make ELISA a gold-standard method in many areas of research and clinical 

diagnostics. 

 

Western Blotting (Immunoblotting) 

 

Western blotting is a widely used technique in molecular biology and biochemistry for 

detecting and characterizing specific proteins in a complex mixture. It is based on the 

principle of protein separation by electrophoresis followed by transfer to a membrane, 

where specific proteins can be detected using antibodies. The technique is named after 

its resemblance to Southern blotting (for DNA) and Northern blotting (for RNA). 

 

Principle of Western Blotting 

Western blotting involves three main steps: 

1. Separation of Proteins by SDS-PAGE: 

   - Proteins are first separated by Sodium Dodecyl Sulfate Polyacrylamide Gel 

Electrophoresis (SDS-PAGE) based on their size. 

   - SDS denatures the proteins, giving them a uniform negative charge, which ensures 

that proteins are separated primarily by their molecular weight (size). 

   2. Transfer of Proteins to a Membrane: 

   - After electrophoresis, the proteins are transferred from the polyacrylamide gel onto a 

membrane, typically made of nitrocellulose or polyvinylidene fluoride (PVDF). 
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   - This transfer is usually accomplished by applying an electric field (electroblotting), 

which causes the proteins to migrate out of the gel and onto the membrane, where they 

are immobilized. 

 

3. Detection of Specific Proteins Using Antibodies: 

   - The membrane is incubated with a primary antibody that specifically binds to the 

protein of interest.  

   - Afterward, a secondary antibody, which is conjugated to an enzyme (such as 

horseradish peroxidase (HRP) or alkaline phosphatase (AP)), binds to the primary 

antibody. 

   - The enzyme reacts with a substrate to produce a detectable signal, typically 

chemiluminescence or colorimetric change, indicating the presence and quantity of the 

target protein. 

 

Western blotting technique 

Steps Involved in Western Blotting 

1. Protein Extraction: 

   - Proteins are extracted from the biological sample (e.g., cells, tissues, or serum) using 

a lysis buffer that breaks open the cells and solubilizes the proteins. 
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2. Protein Quantification: 

   - Before electrophoresis, it is important to measure the protein concentration of the 

sample, which can be done using methods like the BCA assay or Bradford assay. 

 

3. SDS-PAGE: 

   - The extracted proteins are mixed with an SDS-containing buffer, which denatures 

the proteins and imparts a uniform negative charge to them. 

   - The proteins are then loaded onto a polyacrylamide gel, and an electric field is 

applied, causing the proteins to migrate through the gel. Smaller proteins move faster, 

while larger proteins move slower. 

 

4. Transfer to Membrane: 

   - After electrophoresis, the proteins are transferred to a membrane (typically 

nitrocellulose or PVDF) using an electric field. This step is crucial for protein detection, 

as it allows antibodies to easily access the proteins. 

 

5. Blocking: 

   - The membrane is incubated with a blocking solution (e.g., non-fat milk or BSA) to 

block non-specific binding sites on the membrane and prevent the antibodies from 

binding to these areas. 

 

6. Primary Antibody Incubation: 

   - The membrane is incubated with a primary antibody that specifically binds to the 

protein of interest. This antibody can be produced against the target protein or a known 

epitope tag. 
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7. Secondary Antibody Incubation: 

   - After washing off the unbound primary antibody, a secondary antibody (which is 

conjugated to an enzyme such as HRP or AP) is added. This antibody recognizes and 

binds to the primary antibody. 

 

8. Detection: 

   - A substrate for the enzyme is applied. For HRP, a common substrate is 

chemiluminescent (e.g., luminol), which produces light when catalyzed by HRP. This 

light is captured on X-ray film or by a digital imaging system. 

   - Alternatively, for colorimetric detection, the enzyme catalyzes a reaction that results 

in a visible color change. 

 

9. Visualization and Analysis: 

   - The protein bands can be visualized and quantified using a gel imaging system or by 

direct visualization on film. The intensity of the bands correlates with the amount of 

protein present in the sample. 

 

Applications of Western Blotting 

1. Protein Identification: 

   - Western blotting is often used to identify specific proteins in complex mixtures. It 

allows researchers to confirm the presence of proteins, study protein modifications 

(such as phosphorylation), and detect isoforms or cleavage products. 

2. Disease Diagnosis: 

   - Western blotting is commonly used in diagnostic tests to detect specific proteins 

related to diseases. For example, HIV infection is confirmed using Western blot to 

detect HIV antibodies in the patient's serum. 
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3. Quantification of Protein Expression: 

   - By comparing the intensity of protein bands to known standards, Western blotting 

can be used to measure the relative expression levels of a protein in different samples, 

such as in different stages of disease or under different treatment conditions. 

 

4. Post-Translational Modifications: 

   - Western blotting is used to detect and study post-translational modifications (PTMs) 

of proteins, such as phosphorylation, acetylation, ubiquitination, and glycosylation. 

 

5. Protein-Protein Interactions: 

   - In combination with techniques like co-immunoprecipitation (Co-IP), Western 

blotting can help study interactions between proteins. 

 

6. Validation of Protein Purification: 

   - Western blotting is often used to confirm the identity and purity of recombinant 

proteins expressed in host cells (e.g., bacterial or mammalian cells). 

 

Advantages of Western Blotting 

-Specificity: Western blotting is highly specific because it relies on the interaction 

between an antigen (protein) and a specific antibody. 

-Sensitivity: The technique is highly sensitive, capable of detecting low-abundance 

proteins with proper antibody choice and detection methods. 

- Quantitative: Western blotting can be used to measure the relative amount of protein 

present in a sample, though it is typically semi-quantitative. 

- Versatility: It can be used to detect a wide variety of proteins, including small 

molecules, and can be applied to many different biological samples. 
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Limitations of Western Blotting 

-Time-Consuming: The process can take several hours to days depending on the 

number of steps involved, including protein extraction, electrophoresis, transfer, 

antibody incubation, and detection. 

- Requires High-Quality Antibodies: The success of Western blotting depends heavily 

on the availability of high-quality antibodies, which may not always be available for 

every protein of interest. 

- Semi-Quantitative: While Western blotting provides relative quantification of protein 

levels, it is not always as accurate or reproducible as other quantitative methods (e.g., 

mass spectrometry). 

- Labor-Intensive: The technique involves multiple incubation and washing steps, which 

require careful optimization and handling. 

 

Conclusion 

Western blotting is a powerful and essential tool in molecular biology for detecting and 

analyzing proteins in complex samples. Western blotting also allows for detailed study 

of protein expression, modifications, and interactions. However, it requires careful 

optimization and quality control to ensure reliable results. 
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