Reading Text: Understanding DNA Vaccines

Introduction

Vaccines are one of the most effective tools in modern medicine for preventing dangetous
infectious diseases. In recent years, scientists have developed a next-generation technology
known as DNA vaccines. Unlike traditional vaccines, DNA vaccines offer a safe, fast, and cost-
friendly platform to protect humans and animals against various pathogens.

How DNA Vaccines Work
To understand how a DNA vaccine works, it helps to look inside a human cell:

1. Creating the Plasmid: Scientists isolate the genetic code (RNA) responsible for creating viral
spike proteins and combine it with DNA from a harmless virus to stabilize it. This genetic
sequence is then placed into a small, circular piece of DNA called a plasmid.

2. Cellular and Nuclear Entry: The plasmid vector is injected into the body and enters human
cells. Because crossing the cell and nuclear membranes can be challenging, specialized devices
are often used to help the plasmid reach the cell nucleus.

3. Protein Manufacturing: Once inside the nucleus, the plasmid produces mRNA, which directs
the cell to manufacture harmless viral spike proteins.

4. Immune System Training: When the cell naturally dies, the immune system discovers these
floating spike proteins. This exposure triggers a dual immune response: it produces
neutralizing antibodies (B-cell response) and activates killer T-cells (cellular immunity) to
destroy infected cells.

5. Durable Protection: This process builds long-lasting immune memory. If the real virus enters
the body later, the immune system can rapidly produce antibodies to neutralize it before it
causes illness.

History and Major Milestones

Research into DNA vaccines began in the 1990s. Early scientific developments focused on
animal health, leading to successful applications such as an approved horse vaccine in 2005 as
well as treatments in livestock and aquatic medicine.

However, translating this success to humans was difficult because human cells could not take in
foreign DNA easily, resulting in weaker immune responses than those observed in animals. To
overcome this barrier, researchers developed innovative delivery tools, such as electric pulses
(electroporation) to temporarily open cell membranes and needle-free high-pressure injectors.
After more than 30 years of research, a major historic milestone occurred in August 2021. India
approved ZyCoV-D for COVID-19, making it the world's first human DNA vaccine and
proving that DNA vaccines can provide real protection in humans.

Key Benefits
DNA vaccines offer several significant advantages over traditional vaccine methods:

+ High Safety Profile: They contain no live virus, meaning there is zero risk of causing an actual
viral infection.

¢ Comprehensive Immunity: They trigger both antibody production and killer T-cell activation
for complete protection.
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* Standard Fridge Storage: DNA molecules are highly stable and can be stored at normal
refrigerator temperatures (2°C to 8°C). They do not require expensive -80°C ultra-deep
freezers, making distribution much easier in rural and developing regions.

*« Low-Cost Mass Production: Plasmids are produced quickly and affordably using bacterial bio-
fermentation in standard laboratory bioreactors.

¢ Rapid Adaptation to Mutants: If a virus mutates, scientists can update the genetic code in the
plasmid within weeks rather than months.

* Broad Medical Uses: Beyond infectious diseases like influenza, COVID-19, Zika, and Malaria,
DNA technology is being developed for cancer immunotherapy, animal health, and allergy
control.

Scientific Concerns and Challenges
Despite their many benefits, scientists must address a few key concerns:

s Delivery Barriers: Foreign DNA faces natural barriers when crossing cell and nuclear
membranes, which historically led to lower immune responses in human trials compared to
animal studies.

¢ Complex Administration: Because simple injections are often insufficient, doctors must use
specialized equipment like electroporation devices or needle-free pressure injectors.

¢ Genomic Integration Risks: Because plasmid DNA must enter the cell nucleus to function,
scientists continue to study the theoretical risk of foreign DNA integrating into the host cell's
genome,

Question 1

What is a plasmid in the context of DNA vaccines?

A) An ultra-cold storage container used for vaccines.

B) A live, weakened virus that infects human cells,

C) A small piece of genetic code used to instruct host cells to produce viral proteins safely.
D) A specialized antibody produced by B-cells.

Question 2

Why do DNA vaccines have a high safety profile?

A) They contain no live virus, removing the risk of causing an actual viral infection.
B) They permanently alter the body's entire immune system.

C) They do not interact with human cell structures at all.

D) They stop cells from producing any viral proteins.

Question 3

Which two components form the dual immune response triggered by DNA vaccines?
A) Rapid fever response and tissue inflammation.

B) Bacterial growth and viral replication.

C) Red blood cell creation and muscle repair.

D) Neutralizing antibody production (B-cell response) and killer T-cell activation (cellular
immunity).

Question 4

What is a key storage advantage of DNA vaccines?

A) They must be stored in specialized liquid nitrogen tanks.

B) They remain stable at normal refrigerator temperatures of 2°C to 8°C.
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C) They require expensive -80°C ultra-deep freezers for global transport.

D) They can only be kept in high-pressure gas containers.

Question 5

How are DNA vaccine plasmids mass-produced rapidly and affordably?

A) By growing modified plant tissue in agricultural greenhouses.

B) By extracting genetic material directly from wild animals.

C) Through manual chemical assembly of individual human cells.

D) Through bacterial bio-fermentation in standard laboratory bioreactors.

Question 6

How quickly can a DNA vaccine plasmid code be updated when a new viral mutation emerges?
A) In weeks rather than months.

B) Within a few hours.

C) Over several years.

D) In more than a decade.

Question 7

Why did researchers develop delivery methods like electric pulses (electroporation) and needle-
free pressure injectors?

A) Traditional needles destroy the plasmid structure upon contact.

B) To warm the vaccine before entering human blood vessels.

C) Human cells could not absorb foreign DNA easily on their own.

D) To prevent the plasmid from producing mRNA in the nucleus.

Question 8

What major scientific breakthrough occurred in August 20217

A) The first DNA vaccine for horses was approved.

B) India approved ZyCoV-D, becoming the world's first approved human DNA vaccine.
C) DNA vaccines completely replaced all traditional vaccines globally.

D) Plasmid DNA was discovered for the first time in a laboratory.

Question 9

Besides infectious human diseases, what other medical fields use DNA vaccine technology?
A) Cancer immunotherapy, veterinary health, and allergy control.

B) Water purification and public sanitation.

C) Bone fracture healing and cosmetic surgery.

D) Plant fertilisation and crop protection.

Question 10

What happens to plasmid DNA inside the human body over time?

A) It transforms into a live virus after several weeks.

B) It remains inside the cell nucleus permanently without changing.

C) It breaks down naturally as a self-limiting molecule.

D) It converts into red blood cells.
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