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The Hershey and Chase experiment stands as a landmark study in the history of molecular biology,
providing compelling evidence that DNA, not protein, serves as the hereditary material in living
organisms. Conducted in 1952 by Alfred Hershey and Martha Chase, this experiment helped to
resolve a long-standing debate regarding the nature of genetic material. Their meticulous approach
utilized bacteriophages—viruses that infect bacteria—to trace the genetic information during viral
infection. This article explores how the Hershey and Chase experiment identified DNA as the
hereditary molecule, detailing the scientific context, methodology, results, and significance of their
groundbreaking work.

Scientific Background and the Hereditary Material
Debate

The Prevailing Views Before the Experiment

Before the Hershey and Chase experiment, scientists recognized that genetic material must carry
the information necessary for inheritance. However, the nature of this material was hotly debated.
Two main candidates were considered:

- Proteins: Due to their complex structure and diversity, proteins were initially thought to be the
genetic material.

- DNA: Although DNA was known to exist, its simplicity compared to proteins led many to dismiss it
as the carrier of genetic information.

Key points of the debate included:

- Proteins are composed of 20 different amino acids, providing high variability.

- DNA consists of only four nucleotides, leading some to believe it lacked the complexity needed for
heredity.

- Early experiments, such as those by Griffith and Avery, pointed toward DNA as the transforming
principle, but definitive proof was lacking.



The Need for a Definitive Experiment

Scientists needed an experiment that could directly demonstrate whether DNA or protein was
transmitted from parent to offspring during infection. Previous studies suggested DNA's role, but
conclusive evidence was missing. The Hershey and Chase experiment was designed to provide this
definitive proof, using a clever labeling strategy to trace the genetic material.

The Hershey and Chase Experiment: Methodology

Using Bacteriophages as a Model System

Bacteriophages, or phages, are viruses that infect bacteria such as Escherichia coli. They are
composed mainly of protein coats (capsids) and DNA inside. This made them ideal for tracking
genetic material:

- The phage attaches to the bacterial surface.
- It injects its genetic material into the host.
- The host cell then produces new phages, which are assembled and released.

Labeling the Genetic Material
Hershey and Chase employed radioactive isotopes to label the different components of the phages:
- Sulfur-35 (" 35S): Labels sulfur, which is abundant in amino acids like methionine and cysteine

found in proteins.
- Phosphorus-32 (~32P): Labels phosphorus, a key component of DNA's backbone.

This labeling allowed them to distinguish whether the protein or DNA entered the bacterial cells
during infection.

Experimental Procedure

The experiment involved the following steps:

1. Preparation of Labeled Phages:
- One batch of phages was grown in a medium containing ~ 35S, labeling their protein coats.
- Another batch was grown in a medium containing ~32P, labeling their DNA.

2. Infection of Bacteria:
- The labeled phages were then allowed to infect separate cultures of E. coli bacteria.

3. Blending and Separation:
- After infection, the mixtures were agitated in a blender to detach phage coats from the bacterial
cells.



- The mixture was then centrifuged to separate the heavier bacterial cells (pellet) from the lighter,
free phage coats (supernatant).

4. Radioactivity Measurement:
- The radioactivity in the pellet and supernatant was measured to determine where the labeled
material ended up.

Results and Interpretation

Key Observations

The experiment yielded clear and significant results:

- ~32P-labeled phages: The radioactive phosphorus was found mainly inside the bacterial pellet,
indicating that DNA entered the bacterial cells during infection.

- ~35S-labeled phages: The radioactive sulfur remained outside the bacteria in the supernatant,
showing that protein coats did not enter the cells.

Implications of the Findings

These results provided strong evidence that:

- The genetic information responsible for producing new viruses resides in the DNA.
- Proteins, despite their complexity, do not carry the hereditary message during viral infection.

This experiment conclusively demonstrated that DNA, not protein, is the hereditary material in
phages.

Significance of the Hershey and Chase Experiment

Confirmation of DNA as the Hereditary Material

The experiment was pivotal in confirming that DNA is the molecule responsible for inheritance. Prior
to this, the dominant belief was that proteins carried genetic information due to their structural
diversity. Hershey and Chase’s findings shifted scientific consensus toward DNA’s central role.



Impact on Molecular Biology

The experiment laid a foundation for future research, including:

- Watson and Crick’s discovery of the DNA double helix.
- The development of techniques for DNA sequencing and genetic engineering.
- The understanding of genetic transmission and heredity at a molecular level.

Influence on Scientific Paradigms

By providing direct experimental evidence, Hershey and Chase helped to:

- Resolve the debate over the nature of genetic material.
- Establish DNA as the blueprint for heredity across all living organisms.

Conclusion: The Legacy of the Hershey and Chase
Experiment

The Hershey and Chase experiment remains a cornerstone in the history of genetics and molecular
biology. Its innovative approach using radioactive labeling and bacteriophages provided unequivocal
proof that DNA is the hereditary molecule. This discovery not only advanced scientific understanding
but also paved the way for countless future breakthroughs in genetics, biotechnology, and medicine.

By demonstrating that DNA, and not protein, carries genetic information, Hershey and Chase
fundamentally changed our view of heredity. Their work exemplifies the power of experimental
science in solving complex biological questions and continues to influence research in genetics
today.
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Frequently Asked Questions

What was the main purpose of the Hershey and Chase
experiment?

The main purpose was to determine whether DNA or protein was the genetic material responsible
for inheritance in viruses.



Which term best describes the method Hershey and Chase
used to identify DNA as the hereditary molecule?

Radioactive labeling

How did Hershey and Chase use radioactive isotopes to
differentiate between DNA and protein?

They used sulfur-35 to label proteins and phosphorus-32 to label DNA, tracking which radioactive
isotope entered the bacteria during infection.

What conclusion did Hershey and Chase draw from their
experiment regarding the hereditary molecule?

They concluded that DNA, not protein, was the molecule responsible for carrying genetic
information.

Why was the Hershey and Chase experiment considered a
pivotal moment in molecular biology?

Because it provided clear evidence that DNA is the genetic material, shaping future research on
genetics and heredity.

Additional Resources

Hershey and Chase Experiment is one of the most pivotal studies in the history of molecular biology,
fundamentally shaping our understanding of genetic material. Conducted in 1952 by Alfred Hershey
and Martha Chase, this experiment provided decisive evidence that DNA, not protein, is the
hereditary molecule responsible for inheritance in living organisms. Their meticulous approach and
innovative use of radioactive labeling transformed the way scientists viewed the molecule
responsible for genetic information, setting the stage for subsequent discoveries in genetics and
molecular biology. This comprehensive review will explore the experiment's background,
methodology, results, and significance, illustrating how it conclusively identified DNA as the
hereditary molecule.

Background and Context of the Hershey and Chase
Experiment

The State of Molecular Biology Before 1952



Before Hershey and Chase's groundbreaking work, scientists recognized that genes carried
hereditary information, but the precise chemical nature of these genes remained elusive. Proteins
were initially considered prime candidates because of their complex structures and variability.
Proteins are composed of 20 different amino acids, leading to immense diversity, which seemed
suitable for encoding genetic information. Conversely, DNA was viewed as a simple, repetitive
molecule with only four nucleotide bases.

However, several observations hinted that DNA might be more than just a structural molecule:

- Chemical simplicity of DNA contrasted with the complexity of proteins.

- Experiments with bacteria suggested that genetic material could be transferred between viruses
and bacteria.

- The discovery of nucleic acids (DNA and RNA) raised questions about their roles.

Despite these clues, definitive proof was lacking until the Hershey and Chase experiment.

The Need for a Definitive Experiment

The main challenge was to distinguish whether proteins or DNA entered bacterial cells during viral
infection. Previous experiments, such as those by Oswald Avery, Colin MacLeod, and Maclyn
McCarty in 1944, indicated that DNA was the transforming principle in bacteria, but the evidence
was indirect. Hershey and Chase aimed to provide more direct, conclusive proof through a well-
designed experiment involving bacteriophages (viruses that infect bacteria).

Methodology of the Hershey and Chase Experiment

Choosing the Model System: Bacteriophages and Bacteria

Hershey and Chase used the T2 phage, a virus that infects Escherichia coli bacteria. These viruses
are composed of protein coats (capsids) and DNA genomes. Because the phage injects its genetic
material into the bacterial cell to produce more viruses, they were ideal for studying which
component—protein or DNA—enters the host cell.

Radioactive Labeling Techniques

The key innovation in their experiment was the use of radioactive isotopes to label the components:

- Sulfur-35 ("~ 35S): Labels proteins because sulfur is present in amino acids like methionine and
cysteine but not in DNA.

- Phosphorus-32 ("~ 32P): Labels DNA because DNA contains phosphorus in its phosphate backbone
but proteins do not.



By separately infecting bacteria with phages labeled with these isotopes, they could track which
component entered the bacterial cells.

Step-by-Step Experimental Procedure

1. Preparation of Labeled Phages:

- Grow T2 phages in a medium containing radioactive sulfur (~35S) to label protein components.
- Grow T2 phages in a medium containing radioactive phosphorus (”~32P) to label DNA.

2. Infection of Bacteria:
- Mix the labeled phages with E. coli bacteria, allowing the phages to infect the bacteria.
3. Blending and Separation:

- After infection, the mixture is agitated in a blender, causing the viral protein coats (which remain
outside the bacterial cells) to separate from the bacteria.

4. Centrifugation:

- The mixture is centrifuged to pellet the bacteria at the bottom, while the empty protein coats
remain in the supernatant.

5. Radioactivity Measurement:

- Measure the radioactivity in both the pellet (bacteria) and supernatant to determine where the
labeled components are located.

Results and Interpretations

Key Findings from the Experiment

- The bacteria pellet contained most of the ~32P radioactivity, indicating that DNA entered the
bacterial cells.

- The ~35S label was mostly found in the supernatant, suggesting that protein coats remained
outside the bacteria and did not enter the cells.

Implications of the Results

These findings provided compelling evidence that:



- DNA, not protein, was the molecule that entered and directed viral replication within bacteria.
- Proteins remained outside the bacterial cells, acting as structural components rather than genetic
material.

This was a crucial turning point because it directly demonstrated the role of DNA in heredity,
challenging the prevailing protein-centric view.

Significance and Impact of the Hershey and Chase
Experiment

Confirming DNA as the Hereditary Molecule

The experiment's elegant design and clear results conclusively established that DNA is the genetic
material in viruses. This shifted scientific consensus and laid the foundation for molecular genetics.

Influence on Future Research

- Inspired Watson and Crick to decipher the structure of DNA in 1953.
- Supported the development of techniques for DNA analysis.
- Provided a framework for understanding genetic inheritance in all living organisms.

Pros and Cons of the Experiment

Pros:

- Clarity and decisiveness: The radioactive labeling provided direct evidence.

- Innovative approach: Use of isotopes and blending techniques was groundbreaking.

- Model system: Bacteriophages are simple and easy to manipulate, making the experiment
straightforward.

Cons:

- Limited to viruses: Results in bacteriophages may not directly translate to higher organisms.
- Focus on DNA entry: The experiment demonstrated DNA entry but did not explore how DNA
functions as genetic material.

- Radioactive materials: Use of radioisotopes posed safety concerns.



Conclusion

The Hershey and Chase Experiment stands as a milestone in the history of biology, providing
definitive proof that DNA is the hereditary molecule. Through innovative radioactive labeling and a
clever experimental design, they answered a fundamental question that had puzzled scientists for
decades. Their work not only confirmed DNA's role in inheritance but also paved the way for the
explosion of discoveries in molecular biology, including Watson and Crick's elucidation of the DNA
double helix. Despite some limitations, the experiment remains a textbook example of scientific
ingenuity and a testament to the power of experimental evidence in shaping our understanding of
life itself.
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