Enzyme-Linked Immunosorbent Assay (ELISA):
Principles, Procedure, and Applications

1 Introduction

Enzyme-Linked Immunosorbent Assay (ELISA) is a highly sensitive and specific
biochemical technique used to detect and quantify antigens, antibodies, or other
proteins in biological samples. Developed in the 1970s, ELISA combines the
specificity of antigen-antibody interactions with the sensitivity of enzyme-mediated
signal amplification. Itis widely used in medical diagnostics, research, and phar-
maceutical development due to its versatility, reproducibility, and ability to pro-
cess multiple samples simultaneously. This document outlines the principles,
types, procedure, applications, and a diagram of the ELISA process.

2 Principles of ELISA

ELISA relies on the specific binding of antibodies to their target antigens, fol-
lowed by the detection of this interaction using an enzyme-linked secondary
antibody or antigen. The enzyme catalyzes a substrate reaction, producing a
measurable signal (e.g., color change, fluorescence) proportional to the amount
of target molecule. Key components include:

» Antigen: The target molecule (e.g., protein, hormone, pathogen) to be de-
tected.

» Antibody: Primary antibodies bind specifically to the antigen, while sec-
ondary antibodies, conjugated to an enzyme, amplify the signal.

* Enzyme: Common enzymes include horseradish peroxidase (HRP) or alka-
line phosphatase (AP), which catalyze colorimetric, fluorescent, or chemi-
luminescent reactions.

» Substrate: Reacts with the enzyme to produce a detectable signal.

* Microtiter Plate: A 96-well plate with wells coated to capture antigens or
antibodies.

3 Types of ELISA

ELISA can be performed in several formats, each suited to specific applications.

3.1 Direct ELISA

* Description: The antigen is immobilized on the plate, and an enzyme-
linked primary antibody binds directly to it. The enzyme-substrate reac-
tion produces a signal.
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Advantage: Simple and rapid due to fewer steps.
Limitation: Lower sensitivity due to lack of signal amplification.

Example: Detection of viral antigens in a sample.

Indirect ELISA

Description: The antigen is immobilized, and a primary antibody binds to
it. An enzyme-linked secondary antibody binds to the primary antibody,
amplifying the signal.

Advantage: Higher sensitivity due to signal amplification.
Limitation: Requires an additional incubation step.

Example: Detection of HIV antibodies in serum.

Sandwich ELISA

Description: A capture antibody is immobilized on the plate to bind the
antigen. A detection antibody (often enzyme-linked) binds to a different
epitope on the antigen, forming a “sandwich.”

Advantage: High specificity and sensitivity due to dual antibody recogni-
tion.

Limitation: Requires two specific antibodies.

Example: Quantification of cytokines (e.g., IL-6) in biological fluids.

Competitive ELISA

Description: The sample antigen competes with a known amount of enzyme-
linked antigen for binding to a limited number of antibody sites. The signal
is inversely proportional to the sample antigen concentration.

Advantage: Useful for small antigens or low-abundance targets.
Limitation: Complex to optimize.

Example: Detection of small molecules like hormones (e.g., cortisol).

4 Procedure of ELISA

The general procedure for a sandwich ELISA, one of the most common formats,
is outlined below.



4.1 Plate Coating
* Objective: Immobilize the capture antibody on the microtiter plate.

» Process: A 96-well plate is coated with a capture antibody specific to the
target antigen, incubated (e.g., overnight at 4°C), and washed to remove
unbound antibodies.

4.2 Blocking
* Objective: Prevent non-specific binding.

» Process: The plate is incubated with a blocking agent (e.g., bovine serum
albumin or milk powder) to occupy unbound sites on the wells, followed
by washing.

4.3 Sample Addition
* Objective: Allow the antigen to bind to the capture antibody.

* Process: The sample containing the antigen is added to the wells and in-
cubated (e.g., 1-2 hours at room temperature). The antigen binds to the
capture antibody, and unbound material is washed away.

4.4 Detection Antibody
* Objective: Bind a second antibody to the captured antigen.

» Process: An enzyme-linked detection antibody, specific to a different epi-
tope on the antigen, isadded and incubated. Unbound antibodies are washed
away.

4.5 Substrate Reaction and Detection
* Objective: Quantify the bound antigen.

» Process: A substrate (e.g., TMB for HRP) is added, and the enzyme catalyzes
a reaction producing a colorimetric, fluorescent, or chemiluminescent sig-
nal. The signal is measured using a spectrophotometer or plate reader.

5 Applications of ELISA

ELISA is widely used in medical, research, and pharmaceutical fields due to its
sensitivity and specificity. Key applications include:

» Disease Diagnosis: Detection of antibodies or antigens for diseases like
HIV, hepatitis, or COVID-19 (e.g., SARS-CoV-2 spike protein detection).



* Quantification of Biomarkers: Measuring cytokines, hormones, or growth

factors in research and clinical settings.

* Drug Development: Screening for antibodies or protein levels in biophar-

maceutical production.

» Food Safety: Detecting allergens or pathogens in food samples.

» Vaccine Development: Assessing immune responses by measuring anti-

body titers post-vaccination.

6 Diagram of Sandwich ELISA

The following figure illustrates the key steps in a sandwich ELISA procedure.
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Figure 1: Schematic representation of the sandwich ELISA procedure.



7 Advantages and Limitations

* Advantages:
— High sensitivity and specificity.
— Ability to process multiple samples in a 96-well format.
- Quantitative results with standard curves.
» Limitations:
— Requires specific antibodies, which can be costly.
— Potential for cross-reactivity or non-specific binding.

- Time-consuming due to multiple incubation and washing steps.

8 Conclusion

ELISAis aversatile and powerful technique for detecting and quantifying biomolecules
with high sensitivity and specificity. Its various formats—direct, indirect, sand-
wich, and competitive—cater to diverse applications, from disease diagnostics

to pharmaceutical research. The sandwich ELISA, illustrated in the diagram, ex-
emplifies the method’s reliance on antigen-antibody interactions and enzyme-
mediated signal amplification. Its widespread use in clinical and research set-

tings underscores its importance in advancing medical science and improving
patient outcomes.



