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ELISA

ENZYME-LINKED IMMUNOSORBENT ASSAYS
PRINCIPLE & APPLICATIONS

ELISA Technique
(Enzyme Linked Immunosorbent Assay)

Introduction

Have you ever wondered how doctors can detect specific proteins in your blood, such as
those produced by pathogens or even by your own body in response to disease? One
powerful technique they use is called ELISA, which stands for Enzyme-Linked
Immunosorbent Assay. In this blog post, we'll break down ELISA into simple terms, show
you how it works, and highlight some examples.

What is ELISA?

ELISA is a laboratory technique used to detect the presence of an antibody or an antigen
(a substance that triggers an immune response) in a sample. It is a super-sensitive
molecular detective technique can help to diagnose diseases, check for allergies, and even
monitor hormone levels.

An ELISA conducted on a 96-well plate uses a horseradish peroxidase
(HRP) secondary antibody and the colorimetric substrate TMB (3,3',5,5'-
tetramethylbenzidine), which reacts with HRP to produce a blue color.
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First described by Eva Engvall and Peter Perlmann in 1971
ELISA is a solid-phase type of enzyme immunoassay (EIA) to detect the presence
of a ligand (commonly a protein) in a liquid sample using antibodies directed
against the ligand to be measured.

ELISA has been used as a diagnostic tool in medicine, plant pathology, and
biotechnology, as well as a quality control check in various industries.

Eva Engvall

How Does ELISA Work?

Think of ELISA as alock-and-key system where specific antibodies (the keys) bind to their
matching antigens (the locks). Here’s a step-by-step breakdown of ELISA:

1.

Coating: The test begins with a plate (usually made of plastic) that has wells
coated with either the antigen or the antibody, depending on what you’re testing
for.

Blocking: To prevent non-specific binding, the wells are blocked with a protein
solution that fills in all the spaces where the target molecule isn't supposed to
bind.

Adding the Sample: The sample (e.g.,, blood, urine) is added to the wells. If the
target antigen or antibody is present in the sample, it will bind to the coating on
the wells.

Detection Antibody: A detection antibody, which is specific to the antigen or
antibody of interest, is added. This detection antibody is conjugated (linked) to an
enzyme or can itself be detected by a secondary antibody that is linked to an
enzyme through bioconjugation.

Wash: The unbound antibodies or antigens are washed out from the well using
suitable wash buffers.

Substrate Addition: A substrate is added to the wells. The enzyme on the
detection antibody reacts with the substrate, producing a color change.

Reading the Results: The intensity of the color change is measured using a
spectrophotometer. The amount of color change is proportional to the amount of
antigen or antibody in the sample.
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Types of ELISA
There are several types of ELISA, each used for different purposes:

(1). Direct ELISA: The antigen is directly attached to the plate and detected with an
enzyme-linked antibody.

Direct ELISA
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The steps of direct ELISA follow the mechanism below:

1. A buffered solution containing the antigen to be tested is added to each well of a
microtiter plate, allowing it time to adhere to the plastic through charge
interactions.

For more notes, please visit www.easybiologyclass.com Page 3 of 7




]& 3 EASY BIOLOGY CLASS

EASY BISLOGY CLASS
= Biology Madi Easy =
1y Ml ¥ Fraa Online Tulonalks in Biology Lifa % Sciences

Please visit www.easybiologyclass.com for:

Short Notes in PDF

PPTs

Comparative Study (Notes)

Biology Exams (Competitive Exam in Biology)
Question Bank (Previous Year Question Papers)
Mock Tests (Online Tests)

MCQs

Practical / Laboratory Protocols

Higher Secondary Biology (Plus 1)

V V. V V V VYV VY V V V

Higher Secondary Biology (Plus 2)

lgz) 5 EASY BIOLOGY CLASS

Tutosiale in Binlogy/Life A Sclences

Lecture Notes v - Question Bank

Biology / Life Sciences Online Resources, Lecture Notes [  Bomny |
and Study Materials for Students and Teachers [ zooway |

- -

NOTES IN BIOLOGY | Blocheniie |
| Molecular Biology |

Dear Biglogy Aspirants, .

Welcome to Easybiologyclass. Hare you can find the topic wise list of Short and Easy Notes ||

in Biclogy / Life Sciences. Please select a category to explore the contents benesath each | Bioinformatics |

toplc. Please fael free to contact the Admin i you have any doubls or queries. You may also .
like to explora the other learning resources in EasyBlologyClass such as Biology PPT | | MHcroblalisgy |

Question Bank | Biology MCQ | Mock Tests | Practical Notes etc. ||

2. A solution of nonreacting protein, such as bovine serum albumin or casein, is
added to each well to cover any plastic surface that remains uncoated by the
antigen.

3. The primary antibody with an attached enzyme is added, which binds specifically
to the antigen coating the well.

4. A substrate for this enzyme is then added, often changing color upon reaction
with the enzyme.

5. The higher the concentration of the primary antibody in the serum, the stronger
the color change, which is often measured quantitatively using a spectrometer.
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» The enzyme acts as an amplifier; even if few enzyme-linked antibodies
remain bound, the enzyme will produce many signal molecules. While the
enzyme can produce color indefinitely within reasonable limits, a higher
antibody concentration results in faster color development.

» The disadvantage of direct ELISA is the non-specific method of antigen
immobilization; when serum is used as the test antigen source, all proteins in
the sample may adhere to the microtiter plate, causing small analyte
concentrations in serum to compete with other serum proteins for binding to
the well surface.

» The sandwich or indirect ELISA addresses this issue by using a "capture”
antibody specific to the test antigen, isolating it from the serum's molecular
mixture.

(2). Sandwich ELISA: Uses two antibodies—the first one captures the antigen and the
second one, which is enzyme-linked, detects it.

In this method, the antigen is "sandwiched" between two layers of antibodies: a capture
antibody that binds to the antigen and a detection antibody that binds to a different site
on the antigen. The detection antibody is typically linked to an enzyme that, upon addition
of a substrate, produces a measurable signal such as color change, fluorescence, or
electrochemical change, indicating the presence and amount of the target antigen.

A "sandwich" ELISA is used to detect sample antigen. The steps are:

1.
2.
3.

~

A surface is prepared with a known amount of ‘capture’ antibody.

Any nonspecific binding sites on the surface are blocked.

The antigen-containing sample is applied to the plate and captured by the
antibody.

The plate is washed to remove any unbound antigen.

A specific antibody is added, binding to the antigen (creating a "sandwich" with
the antigen between two antibodies). This primary antibody could be in the
serum of a donor being tested for reactivity towards the antigen.
Enzyme-linked secondary antibodies are applied as detection antibodies, binding
specifically to the Fc region of the primary antibody.

The plate is washed to remove any unbound antibody-enzyme conjugates.

A chemical is added that is converted by the enzyme into a color, fluorescent, or
electrochemical signal.

The absorbance, fluorescence, or electrochemical signal of the plate's wells is
measured to determine the presence and quantity of the antigen.
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Sandwich ELISA

Sub;_trate
(1) (2) (3) (4) (5) !

Enzyme Linked

w
Secondary Antibody %ﬁ
Detecting Antibody l \

- O pm

\ } Ak )K )k
\ = EE_ - >
Y Y Y Y Y

(1) Plate is coated with a capture antibody;

{2) Sampleis added, and any antigen present binds to capture antibody

(3) Detecting antibodyis added, and binds to antigen

(4) Enzyme-linked secondary antibodyis added, and binds to detecting antibody

(5) Substrate is added, and is converted by enzyme into a detectable form,
Image Source: CC Wikipedia
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Commonly Used Enzymatic Markers used in ELISA Detection

» ABTS (2,2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-diammonium salt)
turns green when detecting HRP.

» PNPP (p-Nitrophenyl Phosphate, Disodium Salt) turns yellow when detecting
alkaline phosphatase enzyme

» OPD (o-phenylenediamine dihydrochloride) turns amber to detect HRP
(horseradish peroxidase enzyme), which is often used to as a conjugated protein.

» MB (3,3',5,5'-tetramethylbenzidine) turns blue when detecting HRP and turns
yellow after the addition of sulfuric or phosphoric acid

Real-World Examples
Example 1: Detecting HIV

One of the most common uses of ELISA is in the detection of HIV (Human
Immunodeficiency Virus) antibodies in blood samples. Here's how it works:

e Step 1: A plate is coated with HIV antigens.

e Step 2: The patient’s blood sample is added. If HIV antibodies are present, they
will bind to the antigens on the plate.

e Step 3: An enzyme-linked secondary antibody, which binds to the HIV antibodies,
is added.

e Step 4: A substrate is added, and the enzyme reacts with it to produce a color
change.

e Step 5: The color intensity indicates the presence of HIV antibodies in the blood.
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Example 2: Food Allergy Testing

ELISA is also used to detect allergens in food products, ensuring they are safe for people
with allergies.

e Step 1: Wells are coated with antibodies specific to the allergen (e.g., peanuts).

e Step 2: A food sample extract is added. If the allergen is present, it will bind to the
antibodies.

e Step 3: A detection antibody, linked to an enzyme, is added.

e Step 4: A substrate is added, producing a color change if the allergen is present.

o Step 5: The color intensity indicates the amount of allergen in the food sample.

Why is ELISA Important?
ELISA is a crucial tool in both clinical and research settings because it is:

« Highly Sensitive: Can detect minute amounts of antigens or antibodies.

o Versatile: Used for a wide range of applications from disease diagnosis to food
safety.

¢ Provides Quantitative Results: Allows for the measurement of the concentration
of the target molecule.

Conclusion

ELISA is like a molecular detective, helping scientists and doctors detect and measure
important substances in biological samples. Whether it's diagnosing a viral infection,
testing for allergies, or ensuring food safety, ELISA plays a vital role in modern science
and medicine.
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