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Review of Laboratory Safety and DNA Handling

Third-Year Undergraduate Students — Biochemistry / Biochemical Chemistry
Lecture: Abbas Hamza Khudair

Introduction

Laboratory safety is a fundamental component of biochemical and molecular biology
education. Laboratories that involve DNA extraction, purification, amplification, and
analysis expose students to chemical, biological, and physical hazards. Failure to follow
proper safety procedures may result in personal injury, environmental contamination, and
unreliable experimental data.

This lecture provides a comprehensive review of general laboratory safety principles with
a specific focus on safe and correct DNA handling practices.

General Laboratory Safety Principles
Personal Protective Equipment (PPE)

All individuals working in the laboratory must wear appropriate personal protective
equipment at all times. This includes:

o Laboratory coat
o Disposable gloves (preferably nitrile)
« Safety goggles or face shield when necessary

PPE serves as the first line of defense against chemical spills, biological exposure, and

physical hazards. Gloves must be changed frequently, especially after contact with
biological samples or hazardous chemicals.

Chemical Safety

Many chemicals used in DNA-related experiments are hazardous. Prior to handling any
chemical, the Material Safety Data Sheet (MSDS) must be reviewed to understand its
toxicity, flammability, and handling requirements.

Particularly hazardous chemicals include:

e Phenol
e Chloroform
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e Ethidium bromide

These substances must be handled inside a fume hood to avoid inhalation and skin
exposure. Proper labeling, storage, and disposal of chemical waste are mandatory.

Biological Safety
Biological samples such as blood, tissues, bacterial cultures, and cell lines must be treated
as potentially infectious. Aseptic techniques should always be applied to prevent
exposure and cross-contamination.
Key biological safety practices include:
« Disinfection of work surfaces before and after experiments
o Proper disposal of biological waste in designated biohazard containers
« Immediate reporting of spills or accidents
DNA Handling Safety
Sources of DNA
DNA used in laboratory experiments may be isolated from various sources, including:
e Human or animal blood
o Tissue samples
« Bacterial cells

e Plant cells

Each source may pose specific biological risks; therefore, careful handling and proper
containment are essential.

Prevention of DNA Contamination

DNA contamination is one of the most common problems in molecular biology
laboratories and can lead to false or misleading results.

To prevent contamination:

o Use sterile, disposable filter pipette tips

« Change gloves frequently

e Avoid touching the inside of tubes or pipette tips

o Separate laboratory areas for DNA extraction, PCR setup, and post-PCR analysis
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Handling of DNA Enzymes

Enzymes used in DNA manipulation, such as DNA polymerases, restriction enzymes,
and ligases, are highly sensitive to temperature and contamination.

Safety and handling guidelines include:
e Storage at —20 °C unless otherwise specified
o Keeping enzymes on ice during use
e Avoiding repeated freeze—thaw cycles
e Using clean, sterile tools when handling enzyme stocks

DNA Staining Agents and Mutagenic Chemicals

Ethidium bromide is a commonly used DNA staining agent but is classified as a mutagen.
Exposure may cause genetic mutations and poses health risks.

Safety measures include:

e Wearing double gloves when handling ethidium bromide

e Using designated waste containers for disposal

« Preferential use of safer alternatives such as SYBR Safe or GelRed
Storage and Transportation of DNA

Proper storage of DNA is essential to maintain its integrity:

e Short-term storage: 4 °C
e Long-term storage: —20 °C or —80 °C

DNA samples should be clearly labeled with sample name, concentration, date, and
researcher initials. Repeated exposure to heat and light should be avoided.

Common Errors in DNA Handling
Common laboratory mistakes include:
Using non-sterile equipment
Inadequate labeling of samples

Leaving DNA samples at room temperature
Poor laboratory organization and workflow

Such errors compromise both safety and experimental reliability.
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Conclusion

Strict adherence to laboratory safety regulations and proper DNA handling procedures is
essential for maintaining a safe working environment and ensuring high-quality
experimental results. Developing good laboratory practices at the undergraduate level
prepares students for advanced research and professional laboratory work.

mcq

Q1.Which practice is MOST effective in preventing carry-over DNA contamination
during PCR-based experiments?

A) Increasing the number of PCR cycles B) Using non-filtered pipette tips C)
Performing DNA extraction and post-PCR analysis in the same area D) Using sterile
filter pipette tips and physically separated work areas E) Storing DNA samples at
—20°C

Q2.Ethidium bromide is classified as a laboratory hazard primarily because it:

A) Causes protein denaturation at low concentrations B) Is highly volatile at room
temperature C) Intercalates into DNA and induces mutagenic effects D) Inhibits
DNA polymerase activity E) Rapidly degrades under UV light

Q3.Why should repeated freeze-thaw cycles of DNA-modifying enzymes be avoided?

A) They increase enzymatic activity beyond optimal levels B) They cause
contamination of enzyme stocks C) They promote DNA shearing in reaction
mixtures D) They lead to protein denaturation and loss of enzyme activity E)
They alter the pH of storage buffers

Q4.Which storage condition is MOST appropriate for maintaining the long-term
integrity of purified DNA samples?

A) Room temperature in a dark container B) 4 °C with frequent exposure to light
C) —20 °C or —80 °C with minimal freeze—thaw cycles D) —4 °C in a standard
laboratory refrigerator E) 37 °C in buffered solution

Q5.The primary purpose of wearing personal protective equipment (PPE) in a molecular
biology laboratory is to:

A) Improve experimental efficiency B) Prevent cross-linking of DNA molecules
C) Enhance enzyme stability during reactions D) Reduce exposure to chemical,
biological, and physical hazards E) Ensure sterility of DNA samples only
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