TB-ICN: 433/2026

Insect Bio-Safety Level (IBSL) Laboratory:
Safety, Containment and Operational Manual

Mukesh Kumar Dhillon
Subramanian Sabtharishi
Ashok Karuppannasamy

Division of Entomology
ICAR-Indian Agricultural Research Institute, New Delhi







Technical Bulletin TB-ICN: 433/2026

Insect Bio-Safety Level (IBSL) Laboratory:
Safety, Containment and Operational Manual

Edited by
Mukesh Kumar Dhillon
Subramanian Sabtharishi
Ashok Karuppannasamy

iz IEI§HFIHIUI
Mi_l :

ﬂ @aﬂaﬁaﬁaﬂm@

i DIVISION OF ENTOMOLOGY

Division of Entomology

ICAR - Indian Agricultural Research Institute, New Delhi







Technical Bulletin TB-ICN: 433/2026

Insect Bio-Safety Level (IBSL) Laboratory:
Safety, Containment and Operational Manual

Edited by

Mukesh Kumar Dhillon
Subramanian Sabtharishi
Ashok Karuppannasamy

Division of Entomology

ICAR - Indian Agricultural Research Institute, New Delhi



TB-ICN: 433/2026
First Edition: August 2026

Citation: Dhillon, M.K., Subramanian S., Ashok, K. (2026) Insect Bio-Safety Level (IBSL)
Laboratory Safety Manual (1% Edition). Division of Entomology, ICAR — Indian Agricultural
Research Institute, Pusa Campus, New Delhi 110012, India. 60 p.

Copyright © The Authors, 2026, Division of Entomology, ICAR — Indian Agricultural Research
Institute, Pusa Campus, New Delhi 110012, India.

Design and Conceptualisation: Dhillon, M.K., Subramanian, S., Ashok, K.

All rights reserved. This includes the right to translate or reproduce this manual or parts
thereof, except for brief quotations in critical reviews. The authors are solely responsible for
the contents of the manual. Errors, if any, are purely unintentional, and readers are requested

to communicate such errors to the authors or publisher to avoid discrepancies in the future.

Published by:

Division of Entomology
ICAR — Indian Agricultural Research Institute
New Delhi 110012, India.

Website: www.iari.res.in

ACKNOWLEDGEMENTS

1. Director, ICAR-IARI, New Delhi

Joint Director (Research), ICAR-IARI, New Delhi

Dean and Joint Director (Education), ICAR-IARI, New Delhi

=W N

Joint Director (Extension), ICAR-IARI, New Delhi


http://www.iari.res.in/

PREAMBLE
This Laboratory Safety Manual has been developed as a mandatory reference document
for all personnel, including scientists, research fellows, technical staff and students
working within the laboratories of the Division of Entomology, ICAR - Indian Agricultural
Research Institute, Pusa Campus, New Delhi 110012, India. It aims to promote a culture

of safe laboratory practices and responsible conduct of research.

The safety procedures and protocols outlined in this manual are designed to serve the
following three primary purposes:
1. To safeguard the health and well-being of all individuals working in the
laboratories.
2. To ensure preparedness and an appropriate response in the event of an
emergency.
3. To reduce environmental hazards and risks associated with scientific research

and laboratory operations.

While this manual provides a foundational framework, it may not encompass every
possible scenario requiring specific safety interventions. It is therefore essential that all
ICAR-IARI personnel remain aware of potential hazards, including exposure to chemicals,
biological agents, and other laboratory-related risks. Familiarity with and adherence to

these safety guidelines are vital to maintain a safe working environment.

This manual is a dynamic document and will be updated as new safety challenges emerge

or operational procedures evolve.
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FOREWORD

The “Insect Bio-Safety Level (IBSL) Laboratory: Safety, Containment and Operational
Manual” is a timely and important initiative of the Division of Entomology, [CAR-Indian
Agricultural Research Institute. This manual provides a comprehensive framework for safe and
responsible laboratory operations, with particular emphasis on insect biosafety and containment. It
brings together essential principles and practical procedures covering general laboratory safety,
chemical safety, biosafety practices, insect biosafety levels, emergency response, laboratory waste
management, good research practices, embryonic microinjection, and hygienic rearing of insects.
The establishment and effective implementation of Insect Biosafety Levels represent an important
step towards strengthening institutional capacity for safe handling of diverse insect species,
including pest, exotic, vector, genetically modified, and other potentially high-risk organisms.

The manual appropriately emphasizes that containment levels should be determined on the
basis of the associated risks and that researchers must comply with the designated safety protocols
under the oversight of the Institutional Biosafety Committee. Equally important is the emphasis
placed on responsible conduct of research, scientific integrity, transparency, accountability, ethical
compliance, and appropriate supervision and training. Scientific excellence cannot be separated
from ethical responsibility and biosafety. The manual recognizes this important principle and
provides guidance for maintaining research integrity, managing sensitive biological materials and
information, ensuring appropriate approvals, and conducting research in accordance with
institutional and national frameworks. [ particularly appreciate the practical orientation of this
manual. The inclusion of operational guidance for specialized activities such as insect embryonic
microinjection, containment of genetically modified insects, documentation and traceability, waste
disposal, emergency response, and disease-free insect rearing will be valuable to scientists, research
scholars, technical personnel and students engaged in entomological research. The manual also
appropriately stresses that genetically modified or injected insects should not be released into the
environment without the requisite regulatory approval.

As a premier national institution dedicated to agricultural research, education and extension,
ICAR-IARI is committed to fostering a culture in which scientific innovation proceeds hand in
hand with safety, ethics, environmental stewardship and societal responsibility. [ am confident that
this manual will serve as a useful institutional reference and contribute to harmonizing safe
laboratory practices across entomological research facilities.

[ congratulate the Division of Entomology and the editors for their efforts in developing this
valuable document and appreciate their commitment to strengthening biosafety awareness and
responsible research practices at ICAR-IARI. I am confident that its appropriate implementation
will further enhance the quality, credibility and societal relevance of modern entomological
research at ICAR-IARI and wish for wider circulation and use of this manual among researchers

and institutions engaged in entomological and biosafety-related research.
& [/”'

(Ch. Srinivasa Rao)
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MESSAGE

It gives me immense pleasure to present the “Insect Bio-Safety Level (IBSL)
Laboratory: Safety, Containment and Operational Manual”, developed by the Division of
Entomology, ICAR-Indian Agricultural Research Institute. This manual is a timely and
valuable resource for strengthening awareness and implementation of biosafety, laboratory
safety, and responsible research practices among scientists, research scholars, technical
personnel and students. Modern entomological research increasingly involves advanced
approaches such as molecular biology, genomics, genetic modification and insect embryonic
microinjection. Such research demands not only scientific expertise, but also a strong
understanding of containment, risk management, ethical considerations and responsible
conduct of research. The manual provides practical guidance in these areas and establishes a
structured framework for safe laboratory practices and insect biosafety. From an educational
perspective, it is particularly important that young researchers are trained to regard biosafety
and research ethics as integral components of scientific excellence. rather than as separate
regulatory requirements. The manual appropriately emphasizes research integrity,
transparency, accountability. supervision. specialized training and ethical compliance,
particularly for work undertaken in IBSL facilities.

The classification of insect facilities into IBSL-1 to IBSL-4, together with
corresponding containment practices and safety requirements, provides an important
foundation for understanding risk-based approaches to insect research. Such a framework will
be especially useful for research scholars and students as they undertake increasingly
sophisticated experiments involving live insects and emerging biotechnological tools. I am
confident that this manual will serve as an important training and reference document for the
academic and research community of ICAR-IARI. It will help inculcate a culture of safety,
discipline, ethical responsibility and scientific integrity among the next generation of
agricultural researchers. I congratulate the Division of Entomology, editors and contributors
for compiling this comprehensive manual. I hope that researchers and students will actively
use it in their day-to-day laboratory activities and incorporate its principles into their research
planning and practice. I wish this initiative every success and trust that it will contribute
significantly to promoting safe. ethical and responsible entomological research.

(AHupama-Singh)

Dated: 19-08-2026

U Tel.: +91-11-25843382 (0): +91-8920154670
¥9e Email: dean@iari.res.in (Official), imanupamasingh22@gmail.com, dean.iari@icar.gov.in
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MESSAGE

It is a pleasure to introduce the “Insect Bio-Safety Level (IBSL) Laboratory: Safety,
Containment and Operational Manual”, prepared by the Division of Entomology, ICAR-Indian
Agricultural Research Institute. The development of this manual is an important step towards
strengthening safe, systematic and responsible research practices in modern entomology.
Contemporary entomological research increasingly encompasses advanced areas such as insect
genomics, molecular biology, genetic modification, gene editing and embryonic microinjection.
Such research has tremendous potential for addressing agricultural challenges, but it also requires
appropriate risk assessment, containment, documentation, waste management and adherence to
institutional biosafety procedures. The manual provides a structured framework covering these
essential aspects of laboratory and insect biosafety. A major strength of the manual is its
emphasis on risk-based insect biosafety levels (IBSL-1 to IBSL-4) and the corresponding
containment practices, infrastructure and safety measures. Such a framework is particularly
relevant for research involving live pest species, exotic insects, genetically modified organisms
and other biological materials requiring controlled handling.

From the perspective of research management, biosafety must be regarded as an integral
component of quality research and scientific responsibility. The manual appropriately
emphasizes research integrity, transparency, accountability, appropriate supervision and training,
risk mitigation, standard operating procedures, data integrity and compliance with institutional
biosafety requirements. The practical guidance provided for laboratory operations, emergency
response, biohazard spill management, waste disposal, insect embryonic microinjection and
insect rearing will be particularly useful for researchers working with advanced entomological
technologies. The requirement for appropriate documentation and traceability, especially during
experiments involving genetically modified or injected insects, further strengthens the research
governance framework.

I am confident that this manual will help in establishing and maintaining a strong culture
of biosafety, biosecurity, scientific integrity and responsible innovation within entomological
research programmes at ICAR-IARI. It will also serve as a valuable reference for scientists,
research scholars, technical personnel and students in planning and conducting research in
accordance with established safety and containment principles. I congratulate the Division of
Entomology and the editors for their efforts in preparing this comprehensive and practically
oriented manual, and appreciate their commitment to strengthening institutional research capacity
and promoting responsible use of modern technologies in agricultural research. I wish the manual
wide acceptance and effective implementation, and hope that it will contribute to ensuring that
scientific advancement and research excellence proceed hand in hand with biosafety and

environmental responsibility.
o7\

( Viswanathan Chinnusamy )
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1.0 GENERAL LABORATORY SAFETY

Scientific laboratories at ICAR-IARI involve handling of diverse biological, chemical, and
physical agents that pose unique safety challenges. While common hazards like fire are
universal across workspaces, laboratories require additional precautions due to
specialized equipment, procedures, and materials. This section introduces the essential
safety principles and operational guidelines that all personnel must follow to prevent
accidents and ensure a secure research environment.

1.1 Standard Safety Protocols and Operational Guidelines

» Running, jumping, or any form of horseplay is strictly prohibited. Emergency exits,
fire extinguishers, safety equipment, stairways, and corridors must be kept
unobstructed at all times. Combustible materials must not be stored in hallways
or under staircases.

» Consumption of food or beverages inside laboratory spaces is not allowed.
Designated office areas may be used for meals with approval from the Safety
Committee and must be separate from lab activities.

» Laboratory refrigerators and cold rooms must not be used for storing any food or
drink.

» Core working hours at ICAR-IARI are from 8:00 AM to 6:00 PM (Monday to
Saturday). No personnel should work alone in labs outside these hours without
prior written permission from the Principal Investigator (PI).

» Only animals involved in approved scientific studies are allowed on the lab
premises.

» Laboratory attire must offer adequate protection. Lab coats should be fastened
while working and removed before leaving the lab. Sandals and open-toed shoes
are not permitted. Personal Protective Equipment (PPE), including gloves, closed
shoes, lab coats, and eye protection, is mandatory, especially during biosafety level
2 operations.

» Mouth pipetting is strictly prohibited.

» PPE must always be worn when handling hazardous materials or conducting
experiments.

» All lab users should be familiar with the location and use of safety devices such as

fire extinguishers, eyewash stations, safety showers, and spill kits.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page |1
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» A list of emergency contacts for each lab and relevant institute-level personnel
must be visibly displayed and regularly updated.
Electrical Safety
» All electrical installations must be properly grounded. Fuses and circuit breakers
must be clearly labelled and accessible.
» Extension cords should not be used as permanent wiring, and damaged cables
must be replaced immediately.
» Avoid running cords under carpets or across walkways. Do not suspend cables
across rooms or over metal surfaces.
» Use multi-outlet plugs only if they include a circuit breaker. Check amperage
ratings to avoid overloading.
» Only trained electrical maintenance personnel should handle electrical repairs or
modifications.
Vacuum Operations
» Use only heavy-walled vacuum-rated glassware for vacuum procedures.
» Inspect all vacuum glassware for cracks or defects before use.
» Never apply vacuum to damaged or cold-stressed glassware. Use safety shields or
wrap glassware to minimize risk.
» Employ cold traps when distilling volatile solvents and vent the system after use
to prevent pressure buildup.
Handling Glassware
» Use only undamaged, clean glassware. Decontaminate glass exposed to biohazards
before repair or disposal.
» Protect hands during procedures involving glass tubing and handle large
glassware by appropriate parts.

» Never apply pressure or vacuum to standard laboratory glassware.
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2.0CHEMICAL SAFETY MANAGEMENT

The safe handling, storage, and disposal of chemicals are crucial aspects of laboratory
operations. Researchers must be aware of potential hazards and follow standardized
procedures using information provided in Material Safety Data Sheets (MSDS).

Material Safety Data Sheet (MSDS)

It describes properties, reactivities, potential chemical hazards, and safe handling procedures
for commercially available chemicals you are working with. Laboratories should maintain a
compilation/file of MSDS of all chemicals used in the lab. Alternatively, these can also be
maintained as soft copies on the lab computers. Information that is contained in the Material
Safety Data Sheets is also required by law to be conveyed to employees on a chemical-by-

chemical basis.

MATERIAL SAFETY DATA SHEET - ( MSDS )

e M B — REQUIRED PERSONAL PROTECTIVE EQUIPMENT

4- Deadly Flash Points
3 - Extreme Danger 4 - Bolow 73° F Safe

2 - Hazardous 3- Bolow 100° F D %/ Glutsyot D ﬂ e
1 - Slightly Hazardous 2- Below 200° F

1-
0-

0 - Normal Material Above 200° F

Will Not Burn

(] oo & [} e
mfileinky 1

4 - May Detonate

3- Shock and Heat @ Dust ﬂ
Alkali........ ALK Boots
Detonate Respirat
Comrasive...... COR 2 -vn::’ctunlul D Spirator ,:I
Oxidizer....... OX Change
Radiation Hazard... % 1 - Unstable if Heated
Use No Water.... W 0 - Stable Vapor
SPECIFIC HAZARD INSTABILITY HAZARD D W) Respirator I:] Other: ____

Handling and Transportation of Chemicals

Transporting chemicals within or across laboratory spaces at ICAR-IARI requires extreme

caution. Many laboratory accidents occur during movement or transfer of chemicals,

especially those that are flammable, corrosive, or toxic. Therefore, all chemicals should

be treated as potentially hazardous and handled accordingly.

Guidelines for Safe Transport of Chemicals and Samples on the ICAR-IARI Campus:
> Use a clean plastic tray to carry multiple items, including contaminated or

uncontaminated gloves, between different laboratory locations.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page |3
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> When transporting large or multiple items, such as during collection from the
Central Stores, use an appropriate trolley to avoid spills, breakage, or physical
strain.
> Avoid carrying chemical or biological samples near sensitive public areas such as:
e The canteen or dining areas
e Day-care or creche facilities
e Recreational/sports zones
> Under no circumstances should users touch door handles, knobs, or elevator
buttons while wearing gloves.
> Ifgloves must be worn for transporting items, keep one hand ungloved to operate
doors or lifts, while the gloved hand should handle only the items being moved.
> Do not bring chemicals or biological materials, even briefly, into food areas like
the canteen.
> If experimental setups are to be temporarily placed in public areas (e.g., gardens,
corridors, demonstration zones), they must be clearly labelled with:

“DO NOT DISTURB” signage

Laboratory/Principal Investigator (PI) name

Contact numbers of the responsible lab members

The setup’s installation and expected removal dates
> When manually transporting large containers (e.g., acid, solvents), always carry
one bottle at a time. Use both hands—one hand should support the base, and the
other should hold the neck. Never carry containers by their caps or by hooking
fingers through the top ring.
Chemical Storage
Correct storage of laboratory chemicals is critical to maintain safety, ensure regulatory
compliance, and facilitate proper usage. Poor storage can result in hazardous reactions,
fire, contamination, or injury.
Guidelines for Chemical Storage at ICAR-IARI:
> All chemical containers, whether for long- or short-term use, must be clearly
labelled with the name, date, and hazard classification.
> Store volumes greater than 1 litre of highly flammable substances (e.g., methanol,
chloroform) in designated flame-resistant metal safety cabinets. For quantities

less than or equal to 1 litre, a single unit may be kept at the workbench.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page | 4
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> Wherever possible, store chemicals near their intended point of use to reduce the
risk of spillage during transport.
> Periodically review and dispose of expired chemicals using the approved Chemical
Disposal Form available via the institute intranet. This helps to minimize
inventory and lower risk.
> Maintain only essential quantities of chemicals to reduce stockpile-related
hazards.
> Never pipette by mouth. Always use a pipette bulb or mechanical pipettor.
> Large volumes of concentrated corrosive acids (e.g., sulfuric, nitric, hydrochloric
acids) must be stored in specialized corrosion-resistant storage areas or cabinets
designed for such use.
Disposal of Empty Chemical Containers:
> Empty containers must be thoroughly rinsed three times with water or an
appropriate solvent, then air-dried.
> Ensure no chemical residue remains before disposal.
> For disposal coordination, contact the designated Laboratory Support Unit at
ICAR-IARL
2.1 Chemical Spills
All chemicals used in laboratories have the potential to pose health risks to individuals
and others in the vicinity. Therefore, any accidental release of hazardous chemicals must
be handled with composure and promptness to prevent the situation from escalating. For
any spill incident, the first step should be to immediately isolate the affected area and
restrict access, either before or while informing the designated safety personnel.
Appropriate action should be taken based on the nature and risk classification of the
chemical involved. At all times, individuals handling chemical spills must wear proper
Personal Protective Equipment (PPE), including a laboratory coat, safety goggles, and

chemical-resistant gloves.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page |5
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Types of Chemical Spills and Response Protocols
1. Spills on Laboratory Surfaces
If a chemical spill occurs on work surfaces or floors within the laboratory:
> All ongoing experimental work in the area should be suspended immediately, as a
spill is considered a laboratory emergency.
> Laboratory staff present in the vicinity are expected to assist in managing the spill
rather than continuing with routine work.
> The incident must be promptly reported to the Lab Safety Officer or the
Laboratory Support Division at ICAR-IARI. They will provide further guidance on
clean-up procedures and required containment measures.
> Important: Cleaning of chemical or biological spills is the responsibility of
the laboratory users themselves. Housekeeping or support staff, such as the
laboratory maintenance/Kkitchen team, are not trained to handle hazardous
chemical or biological spills and must not be assigned this task.
> If the spilled chemical emits fumes or odours (whether toxic or non-toxic), the Air

Conditioning and Ventilation Unit should be informed without delay to ensure
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timely evacuation of contaminated air and to prevent cross-contamination to
other laboratory areas or adjacent floors.
2. Spills on Personnel (Body Exposure)
In the event of accidental chemical contact with skin, eyes, or clothing, immediate use of
the laboratory's emergency equipment is necessary:

o Eye exposure: If a chemical enters the eyes, hold the eyelids open and rinse them
thoroughly under the eye wash station for at least 10 minutes. Eyewash units are
located at every sink and near all safety shower stations in the laboratory.

e Skin or clothing exposure: In case of chemical contact with the skin or
contamination of clothing, proceed without delay to the nearest safety shower,
remove the affected garments, and rinse the area thoroughly under running water.
Safety showers are installed in common accessible locations on every floor within
the ICAR-IARI laboratory buildings.

For any chemical exposure, users are also advised to seek immediate medical attention
from the institute's medical centre, especially if irritation, burns, or inhalation of
hazardous vapours occurs.

2.2 Mercury Handling and Spill Response

Due to its toxicity and difficulty in cleanup:

e Store mercury in sealed, shatterproof containers in ventilated areas.

e Avoid using mercury thermometers; opt for alcohol-based alternatives.

e Use nitrile gloves and shoe covers during handling.

e Mercury spill kits are available through the Stores section on requisition.

2.3 Ethidium Bromide Waste Disposal
EtBr is mutagenic and must be handled cautiously:

e Use PPE and handle in a fume hood.

e Never treat with bleach.

e Dispose of EtBr waste (solid/liquid) in clearly labelled containers. Do not pour
down the drain.

e Consider using safer alternatives like GelRed or SYBR Safe.

2.4 Bis-Acrylamide Handling
o Always use gloves, lab coats, and goggles.
e Unused acrylamide should be polymerized before disposal.

o Dispose of polymerized material in designated biohazard bins.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page |7
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2.5 Phenol/Chloroform Handling
e Always use full PPE when handling these solvents.
o Discard waste in appropriate halogenated or non-halogenated containers.

e Never dispose via the sink.
INDUSTRIAL GAS CYLINDER

[ R '
AR <o A A

S SN S G
Oxygen Carbon Carbon Air Nitrogen Argon Hydrogen Helium Compressed Acetylene
Dioxide Dioxide Natural Gas
Vapour Uquid
Withdrawal Withdrawal

2.6 Compressed Gas Safety
Identification and Storage
e Cylinders must be clearly labelled and stored securely, with valves accessible.
Safe Handling
e Always use proper trolleys for transportation.
e Open valves slowly and do not over-tighten.
o Never attempt repairs, must report leaks immediately.
e Use soapy water or leak detectors for identifying leaks.
2.7 Handling Cryogenic Liquids (e.g., Liquid Nitrogen)
o Always wear cryo-gloves, goggles, and closed shoes.
o Use only approved containers.
o Handle in well-ventilated areas to prevent oxygen displacement.
2.8 Handling Dry Ice
e Dryice can displace oxygen in enclosed spaces. Use PPE and never store in airtight
containers.
e Dispose in open air; do not use sinks, drains, or garbage chutes.
2.9 Imaging Station Safety
e Use UV protection when working with ethidium bromide gels.

e Always leave imaging equipment clean and free from contamination.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page | 8
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3.0 Biological Safety

Biosafety encompasses essential safety measures that minimize the risk of exposure to
potentially infectious biological materials. These practices are vital to safeguard
laboratory personnel, prevent contamination of the work environment, and protect the
surrounding community. The core objective is to safeguard all relevant entities from risks
associated with biological materials, including both genetically engineered (GE) and non-
GE organisms such as microbes, plants, animals, arthropods, and aquatic species. This
goal is achieved through three key steps:
(i) Identifying Components to Protect:
Containment measures must first prioritize laboratory personnel (Primary elements),
who are at the highest risk of exposure. Equally important is protecting the broader
environment and individuals outside the lab (Secondary elements) by ensuring that
biological agents are effectively contained within laboratory boundaries.
(ii) Assessing Potential Risks:
The risk assessment process involves classifying organisms into appropriate Risk Groups
(RG) based on:

> Their pathogenic potential

> Mode of transmission and host range

> Availability of effective treatment or preventive measures

> Ability to cause diseases in humans, animals, or plants

> Potential to trigger outbreaks or epidemics

Risk Group Description
RG 1 Agents unlikely to cause disease in humans, animals, or plants.
Agents that may cause disease but with limited community risk;
RG2 effective treatments are available.
Serious or lethal agents with low transmission risk; effective
RGS treatment/prevention exists.
RG 4 High individual and community risk; easily transmissible; no effective

treatment or prevention available.

(iii) Assigning Appropriate Biosafety Levels:
The containment level for handling biological agents, be it microorganisms, arthropods,
plants, or animals, is determined based on their associated risks. This includes both GE

and non-GE organisms.
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3.1 Insect Biosafety Levels (IBSL)

Insect Biosafety Levels (IBSL) outline laboratory practices, infrastructure, and safety

equipment necessary to handle different classes of biological agents.

Insect
Laboratory Containment & Safety
Biosafety Laboratory Practices
Level Type Equipment
Basic insect | Standard operating | Open insect cages;
rearing and | procedures (SOPs); | standard PPE (gloves, lab
(B3 research labs General handling | coat); insect-proof screens
precautions
Applied SOPs plus restricted | Double-door entry; insect-
entomology labs; | access, labeled | proof rooms; aspiration
IBSL-2 pest biology labs | insectaries, tools; basic containment
containment  during | units
handling
Quarantine All IBSL-2 practices | Sealed insectaries; HEPA-
insect facilities; | plus directional | filtered airflow; negative
(B3L-3 exotic pest | airflow, rigorous access | pressure rooms; secure
studies control waste handling
High-risk vector | Highest level of | Full PPE (coveralls, face
or transgenic | containment; full | shield), airlock entry, Class
[BSL-4 insect work isolation; strict | IIl cabinets or isolators,
protocols and access double autoclaves

At ICAR-IARI, the Insect Biosafety Level (IBSL) Facility adheres to national biosafety
guidelines under oversight from the Institutional Biosafety Committee. All staff and
researchers must comply with designated safety protocols depending on the biosafety
level in use.

Basic Biosafety Laboratory Rules

Containment remains the guiding principle in biosafety. Since biological agents may pose
unknown or underestimated risks, universal precautions should be followed while

handling any potentially infectious materials.
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A. General Practices

Wash hands thoroughly before and after handling any biological material,
removing PPE, and before leaving the lab.
Do not touch your face while working.

Refrain from eating, drinking, smoking, or applying cosmetics inside the lab.

B. Personal Protective Clothing

Always wear lab coats and gloves when handling biological materials.

Gloves must be worn over the gown cuffs and removed by turning inside-out.
Avoid contact lenses during handling of infectious materials.

Remove contaminated clothing before leaving the lab.

Use additional PPE based on the risk involved.

C. Handling Infectious Liquids

Use mechanical pipetting devices.

Minimize aerosol generation; perform decanting and plate handling in safety
cabinets or near a flame.

Avoid decanting cultures outside biosafety cabinets.

Use closed tubes for centrifugation and inspect before use.

Transport materials using secondary leak-proof containers.

Avoid needles; if required, use safety-equipped syringes and dispose of them in

dedicated sharps containers.

D. Laboratory Environment

Keep lab doors closed during experiments.

Restrict entry during work with biohazardous materials.

Display biosafety signage prominently.

Avoid cluttering work areas with unrelated materials.

Disinfect surfaces daily and after spills using 70% ethanol or 0.5-1% bleach.
Decontaminate equipment before servicing.

Conduct all BSL-2 work at assigned benches with minimal traffic and proper

signage.

E. Containment Equipment

Primary containment equipment includes biosafety cabinets (Class I or II), which must

be used correctly to ensure personnel and environmental protection. Laboratory heads

must ensure that users are trained in proper cabinet usage.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page | 11



Insect Bio-Safety Level (IBSL) Laboratory: Safety, Containment and Operational Manual

F. Disposal of Liquid Cultures

Discard liquid cultures in designated containers pre-treated with 1% sodium
hypochlorite.

Once containers are ~75% full, add bleach, allow contact for 15-30 mins, then
dispose of in the sink while running water for 1-2 minutes.

Do not autoclave bleach-treated IBSL-2/IBSL-3 waste.

For cultures with hazardous chemicals/heavy metals, follow disposal guidelines

as per the MSDS.

3.2 Response to Biohazard Spills

Biological spills can generate infectious aerosols, especially for BSL-2 organisms and

above. Prompt and safe spill management is critical.

General Response Plan:

1.
2.

3.
4,

Restrict access to prevent contamination spread.

Lab personnel must handle the cleanup. Don appropriate PPE (gloves, mask,
goggles, gown, shoe covers).

Disinfect the spill area with 70% ethanol or 1% bleach using spray bottles.

Collect used materials into biohazard bags and autoclave before disposal.

A. If Spilled on the Body:

Remove contaminated clothing.
Wash exposed areas with soap and water for one minute.
Apply disinfectant, seek medical attention, and report the incident to the lab

manager.

B. IBSL-1 Spill Cleanup:

Use gloves and disinfectant-soaked paper towels to cover the spill for 30 minutes.

Clean area with fresh disinfectant-soaked towels and autoclave waste.

C. IBSL-2 Spill Cleanup:

Shut down lab air conditioning (Contact Electrical Substation).

Inform others nearby.

Wear full PPE.

Cover spill with absorbent material, apply disinfectant from edges inward.
After 30 mins, clean with fresh disinfectant-soaked towels.

Dispose of all materials in biohazard bags and autoclave.

Inform the laboratory kitchen team for autoclave scheduling.
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4.0ICAR-IARI Guidelines on Good Research Practice

With Special Reference to the Insect Biosafety Level (IBSL) Facility

4.1. General Principles

ICAR-IARI is committed to fostering a research culture rooted in integrity, transparency,
accountability, and scientific rigor. All researchers, including staff, students, interns, and
collaborators, are expected to adhere to the core values of selflessness, integrity,
objectivity, accountability, openness, honesty, and leadership, irrespective of their
funding source or area of work. At ICAR-IARI, particularly in specialized high-
containment units such as the Insect Biosafety Level (IBSL) facility, responsible conduct
of research (RCR) is paramount to ensuring scientific credibility and biosafety
compliance. All individuals conducting research at or on behalf of ICAR-IARI must adhere
to these good research practices, especially while working in or with IBSL settings where
bio-containment, environmental safety, and ethical compliance are crucial.

4.2. Research Integrity

Researchers must uphold honesty in every stage of research, from design to data
collection, analysis, reporting, and peer review. Plagiarism, data falsification, or
fabrication are considered serious offenses. Contributions of colleagues and
collaborators should be duly acknowledged. At ICAR-IARI, especially in the IBSL context,
research misconduct may have broader regulatory and environmental implications,
making it imperative to report any suspected breaches through appropriate institutional
channels.

4.3. Openness and Transparency

While protecting intellectual property and sensitive biosafety information, researchers
are encouraged to share findings responsibly to promote scientific progress. For IBSL-
related work, data sharing must comply with national biosecurity regulations, ethical
approvals, and any non-disclosure agreements. Post-publication, relevant datasets and
biological materials may be shared, subject to Material Transfer Agreements (MTAs) and
institutional biosafety norms.

4.4. Conflict of Interest

Researchers must identify and disclose actual, perceived, or potential conflicts of interest,
whether financial, personal, or academic, that could influence their objectivity or

undermine the credibility of ICAR-IARI's work. Such transparency is especially critical
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when dealing with high-stakes biotechnological or genetic research within the IBSL
facility.

4.5. Leadership in Research

Senior scientists and project leaders are expected to nurture a culture of collaboration
and ethical scholarship. In IBSL settings, Principal Investigators must also ensure
compliance with containment protocols, training, and risk mitigation.

4.6. Supervision and Training

Heads of laboratories must supervise all personnel effectively, ensuring that they
understand and follow appropriate biosafety, bioethics, and research standards. At the
IBSL facility, staff must receive specialised training on containment procedures,
emergency responses, and SOPs tailored to high-risk insect research.

4.7. Ethical Compliance

4.7.1 Research Involving Human Participants

Any research involving human subjects (e.g., survey studies, diagnostic validation) must
be approved by the Institutional Bioethics and Biosafety Committee (IBBC), as per DBT
and ICMR guidelines.

4.7.2 Research Involving Insects

As ICAR-IARI’s mandate focuses on insect science, including exotic and genetically
modified organisms (GMOs), strict compliance with biosafety norms is mandatory. All
work conducted in IBSL facilities must be reviewed and approved by the Institutional
Biosafety Committee (IBSC) in accordance with DBT’s Recombinant DNA Guidelines and
national biosafety frameworks.

4.7.3 Cell lines or Vertebrate Research

Although rare at IARI, any such work must comply with relevant national ethical
regulations and approvals.

4.8. Conduct of Research

4.8.1 Equipment Maintenance

All research instruments must be regularly calibrated and maintained. IBSL facility
equipment must have emergency shutdown protocols and records of servicing,

breakdowns, and calibrations.
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4.8.2 Hazardous Processes and Materials

Experiments must follow institutional safety protocols, including risk assessments, waste
disposal, decontamination procedures, and staff training, especially in IBSL
environments dealing with live pest species or recombinant material.

4.8.3 Standard Operating Procedure

Every recurring research procedure must have a documented Standard Operating
Procedure (SOP). IBSL-specific SOPs must comply with national containment guidelines
and be updated regularly. The IBSL-1+ manual is already circulated for internal use with
the Director, Heads of the Divisions and corresponding PIs.

4.8.4 Data Management

All data must be:

Stored securely, with backups

Auditable and reproducible

Accompanied by metadata, including versions of software used

Preserved in original (raw) and processed formats

YV V. .V V V

Confidentiality and data integrity are especially vital when working on novel
genes, GMOs, or regulatory submissions.

4.8.5 Laboratory Notebooks

Maintain bound or electronic laboratory notebooks with time-stamped and verified
entries. Records must be indexed, reviewed by supervisors, and archived in secure ICAR-
IARI repositories. For IBSL-associated work, chain of custody and data traceability are
essential.

4.9. Dissemination and Publication

4.9.1 Publication Policy

All publications must be authorized by the PI and reflect ethical and scientific integrity.
Open-access publishing is encouraged, while ensuring biosafety-sensitive information
(e.g., GMO sequences or biocontrol agents) is appropriately handled.

4.9.2 Authorship

Only those who have made substantial contributions and can take public responsibility
for the content should be listed as authors. All support and funding agencies, especially
those relevant to biosafety infrastructure (e.g., DBT, ICAR), must be acknowledged.

4.9.3 Corrections and Retractions
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If errors or doubts arise, the responsible author must initiate timely corrections or
retractions. In cases of suspected misconduct, ICAR-IARI’s Research Ethics and Integrity
Committee shall take appropriate action.
4.10. Intellectual Property and Commercialization
ICAR-IARI encourages innovations to be protected and commercialized through its
ITMU/ITMC. Any inventions, particularly involving biotechnological pest management,
RNAi, CRISPR, or transgenic insects, must be disclosed for IPR review and patent filing
before public disclosure.
Additional Resources

» ICAR Policy on Research Ethics and Integrity
DBT/RCGM Guidelines on Genetically Modified Insects
CPCSEA Guidelines on Animal Research
OECD Guidelines on Biosafety for Invertebrates

Office of Research Integrity (ORI), USA

YV V. V V V

India Alliance Guidelines on Good Research Practice
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5.0 LABORATORY WASTE MANAGEMENT PROTOCOLS AT ICAR-IARI

5.1 Schedule and Guidelines for Laboratory Waste Collection and Disposal

LABORATORY WASTE MANAGEMENT CHART

including all items
contaminated with
cytotoxic

drugs along with glass or
plastic ampoules, vials

etc.

or Containers

Type of bag
No |Category Type of waste or container | Location |Reference image
to be used
1. | Yellow [Expired or Discarded |Yellow Colored| Inalllabs
Medicines non- & facilities
Antibiotics, cytotoxic chlorinated | on campus
drugs plastic bags
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Waste generated

from disposable

items such as

tubing, bottles,
intravenous tubes and
sets, catheters, syringes
without needle, gloves,
serological pipette,

etc.

Microbiological, Autoclave
Biotechnology & safe red Bio
other clinical plastic Safety
laboratory waste: bags labs
Blood bags, Laboratory

cultures, stocks or

specimens of

microorganismes, live or

attenuated vaccines,

human & animal cell

culture used in

research, etc.

Contaminated Red-colored | Inalllabs
Waste non- &
(Recyclable)- chlorinated | facilities
Biohazard plastic bags on
Laboratory or campus
waste containers

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi

Page | 18




Insect Bio-Safety Level (IBSL) Laboratory: Safety, Containment and Operational Manual

3.

4. | White
(Trans
lucent)

Broken Blue

glassware, colored

broken or plastic hard

discarded, and containers

decontaminated

glass

Empty Glass/plastic Blue swing

chemical bottles Containers | Inalllabs

&
facilities
on

campus

Halogenated Solvent White In all labs

Waste: Chloroform, Canister, &

Dichloromethane, 5 liters facilities

Carbon tetrachloride, on

Tetrachloroethylene, campus

perchloroethylene...

Non-Halogenated White In all labs

Solvent Waste Canister, &

Acetone, Acetonitrile, 5 liters facilities

Diethyl ether, Ethanol, on

Hexane, THF, Methanol, campus

Toluene, Methyltert-
butyl ether (MTBE),
Dimethyl sulfoxide
(DMSO0), Dimethyl
Formamide (DMF)...
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Syringes and Needles White In all labs
Round &
Container facilities
on
campus
(near
sink
stations)
Sharps, slides, White In all labs
coverslips, blades, etc. Square &
Container facilities
on
campus
(near
sink
stations)
Liquid Ethidium White In all labs
Bromide waste Canister, &
EtBr contaminated 20 liters facilities
liquid waste on
campus
5. Ethidium Bromide Grey color | Inalllabs o~ [
waste (Imaging foot & ¢ B‘?'ggg
Stations) operated facilities .
EtBr contaminated solid container on
waste campus
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6. | Silver E-waste SSround Common
Batteries, CDs, Pen drives,| SWing areas in
Cartridges, wires, lights, container all
etc. buildings
on
campus
7. Paper Recycle Brown In all labs
Waste Papers Cardboar &
d Box facilities
on
campus
8. Dry waste (Food) Blackswing | Common
Food packing material, Container areas in
tissue all
papers, disposable plates buildings
etc. on
campus
9. Wet Waste (Food) Light Blue Common
Degradable food waste Swing areas in
Container all
buildings
on
campus

SOP: Handling, Segregation, and Disposal of Waste / Scrap / Debris (ICAR-IARI)

Maintaining a clean and green research environment is essential for ensuring the health
and efficiency of all personnel working at ICAR-IARI. Proper housekeeping directly
supports a safe and aesthetically pleasing campus, contributing to a positive atmosphere

for research activities. With multiple civil and maintenance works underway, it is crucial
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that all individuals and contractors comply with the following waste management

protocols to prevent environmental clutter and ensure sustainable practices.

General Guidelines:

1.

Pre-Work Briefing:

All contractors must be informed before initiating any work that waste, debris,
and scrap materials are to be collected and disposed of only at designated disposal
points with appropriate bins.

Small Debris Clearance:

For minor debris, weekly disposal will be arranged by the responsible agencies. A
dedicated line item for debris clearance should be included in the Schedule of
Quantities (SOQ) of contracts and operated on a per-trip basis.

Segregation & Disposal:

Waste must be segregated at pre-identified points before being disposed of
appropriately. Accumulation of debris on campus is strictly prohibited. Final
clearance of contractor payments will depend on the proper disposal of all debris.
Storage of Reusable Items:

Any salvageable or reusable material should be separated and stored safely in
marked storage areas.

No Abandoned Materials:

Upon work completion, contractors must ensure that no leftover construction or
packaging materials are left on campus.

Site Inspections:

Engineers must conduct unannounced inspections at work sites to ensure waste
is being properly managed. All such inspections must be recorded in the site
register.

Contract Clauses:

Contracts must include mandatory clauses requiring adherence to waste disposal
guidelines, linked to staged payments for accountability.

Long-Term Work Zones:

For projects extending over long durations, temporary barricaded enclosures
must be installed to collect and hold waste in an organized manner, preserving the

campus's visual appeal.
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9. Store Disposal:
Any unused or unserviceable items should be handed over to the stores
department for proper disposal as per existing ICAR-IARI procedures.

10. Section In-Charge Responsibilities:
All section heads managing stores must avoid clutter by following proper waste
disposal and inventory management practices.

11. 3R Principle:
Strictly follow Repair, Reuse, and Recycle protocols to reduce environmental
damage and minimize material wastage.

12. Site Order Book:
Every project must maintain a site order book in which the engineer records daily
work instructions, including waste handling and disposal practices. These must be
jointly signed by the engineer and the contractor.

13. Responsibility & Penalties:
Engineers overseeing contractor performance are accountable for ensuring full
compliance with waste management SOPs and are authorized to impose penalties
for violations as per contract terms.

14. Packaging Material Disposal:
Packing materials such as wood, cardboard, or plastic must not be left in corridors
or along pathways. These should be handed over to the stores section for
appropriate disposal.

15. Lab Area Work Protocol:
Personnel working inside laboratory spaces must be explicitly instructed to
remove any waste or debris generated during work and ensure the lab area is left

clean and orderly.
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6.0 EMERGENCY RESPONSE
6.1 Fire Emergency Response
In the event of a fire, it is vital to act swiftly and responsibly. Follow the instructions below
to ensure safety and prevent escalation:
Immediate Actions:
> Raise the Alarm: On noticing a fire, immediately alert others by loudly shouting
“FIRE! FIRE! FIRE!”
> Activate Alarm: Break the glass at the Manual Call Point (MCP) to trigger the fire
alarm system.
> Inform Key Personnel: Contact the Reception (....), Security Officer (.....), and
nearby laboratories (.....).
> Use PA System: Use the public address system to warn other building occupants.
> Remain Calm: Avoid creating panic and help others stay composed.
Fire Extinguisher Usage:
o Identify the Fire Type: Before attempting to extinguish, assess the type of fire
and choose the correct extinguisher.
o A -Solid materials (wood, paper)
o B -Flammable liquids or gases
o C-Electrical fires
o D - Metal fires
o K- Kitchen fires (cooking oils/fats)
o Training: Participate in fire safety demonstrations organized by the security team
to learn the correct handling of fire extinguishers.
o Fire Blanket: Use fire blankets for small fires or when a person’s clothing is on
fire.
Critical Steps During a Fire:
e Electrical Fires: Immediately switch off power and AC units. Inform the
Substation (.....).
e Toxic Smoke or Large Fire: Do not attempt to extinguish if the fire is
uncontrollable or air is toxic. Instead:
o Call for assistance.
o Cover nose and mouth with a wet cloth.

o Evacuate immediately, closing doors and windows behind you.
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o Evacuation Route:
o Do not use elevators.
o Use staircases and evacuate quickly but without running.
o Do not stop to collect personal items.
o Allow emergency responders clear access.
o Extinguishing Tips:
o Aim at the base of the flames and then move to middle levels.
o Never use water on electrical fires.
Assembly Points:
o In case of major fire, assemble at the selfie spot assembly point.
e Medical Assistance: Call ..... to request an ambulance with first-aid support.
e Heavy Smoke: In a smoke-filled area, crawl low to the ground using a wet cloth
to cover your nose and mouth.
6.2 Accident Reporting
All injuries, regardless of severity, must be reported using the accident report form
available at ICAR-IARI website
Why Reporting is Important:
» Minor injuries may appear insignificant initially but can develop into more serious
issues.
» Every incident, however small, should be investigated to prevent future
occurrences.
» Reporting is not about assigning blame, but identifying causes and implementing
preventive measures.
Snake Sighting Protocol (Campus/Lab/Common Areas):
1. Stay Calm: Do not panic or approach the snake.
2. Alert Nearby People: Maintain a safe distance and ensure others are aware.
3. Keep Visual Contact: Do not let the snake out of sight.
4. Inform Wildlife Team: Call the Wildlife Office (Ext. 6414) and report:
o Exactlocation
o Description of the snake (size, color, pattern, etc.)
5. Do Not Attempt to Catch or Kill: Wait for trained personnel to safely handle and

rescue the snake.
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6.3 Emergency Contact
Name of the Institute: ICAR-Indian Agricultural Research Institute, New Delhi
Laboratory details: Insect Biosafety Level (IBSL) Facility, ICAR-IARI, New Delhi

Emergency Response Team from Division of Entomology, ICAR-IARI, New Delhi

Sl Phone Number &
Name & Designation
No. Email address
Facility Supervisor: Dr. Mukesh Kumar Dhillon +91 9013473641
L Head & Principal Scientist, ICAR-IARI, New Delhi mukeshdhillon@rediffmail.com
Lab In-charge: Dr. Ashok Karuppannasamy +91 9524686110
z Scientist, ICAR-IARI, New Delhi ashokk@iari.res.in
Dr. S. Subramanian, +91 8076595366
> Professor & Principal Scientist, ICAR-IARI, New Delhi entosubra@yahoo.co.in
Dr. Suresh M. Nebapure +91 8860825394
* Senior Scientist, ICAR-IARI, New Delhi nebapuresuresh@gmail.com
Dr. S. Rajna +91 9968738158
> Senior Scientist, ICAR-IARI, New Delhi rajnasalim@gmail.com
Mr. Veerpal Singh
. Security In-Charge, ICAR-IARI, New Delhi
Emergency Services Team Qutside ICAR-IARI, New Delhi
No. Contact Phone
1. | Medical Officer In charge, ICAR-IARI, New Delhi 011-25841670
2. | Fire Service 101
3. | Police 100
4. | Ambulance 108
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7.0 Guidelines for Insect Embryonic Microinjection
7.1. Laboratory and Biosafety Setup

v" Perform microinjection work in an IBSL 1

v Use stereo/inverted microscope with micromanipulator and microinjector.
v Ensure dust-free benches, and restricted access during injection time.

v Dispose any unused injected embryos/reagents as biohazard waste.

7.2. Embrvo Collection and Preparation

v Egg collection using agar plates/oviposition cups/moistened filter papers.
v Use pre-blastoderm embryos (typically within 5 minutes of post oviposition).
Dichlorination using 50% bleach (2-3 min), followed by sterile water washes.

Align embryos on double-sided tape or heptane glue on coverslips or slides.

AN NN

Orient them with the site of germ cells facing the injection needle.

7.3. Microinjection Setup
Pull glass capillary needles using a programmable puller (e.g., Sutter P-1000).

=

Bevel needle tips for clean penetration (~30-45° angle).
Use back-filled mineral oil or air to drive injection system.
RNP complex (Cas9 + sgRNA): freshly prepared, ideally incubated on ice.

Plasmid DNA: ensure high purity and low endotoxin levels.

RN NN

dsRNA/siRNA: maintain integrity; use RNase-free protocols.

<

Use Phenol Red or fluorescent dyes to trace and visualize injection success.

7.4. Injection Protocol

v’ Carefully puncture the posterior or lateral pole under the microscope.

Inject ~1-2 nL of reagent (depending on embryo size and pressure).

Avoid overpressure to reduce embryo mortality.

Transfer injected embryos to moist chambers (agar plates/moist filter paper).

Incubate in optimal developmental temperature (17°C), CO2 and Oxygen.

AN N N RN

Avoid fungal /bacterial contamination by adding antibiotics.
7.5. Monitoring and Screening
v Track survival rates 24 to 72 hours post-injection.
v Use fluorescence screening, PCR genotyping, or phenotypic markers to assess
successful gene transfer/editing.
v Record the number of GO larvae, pupae and adults

v’ Set up crossings to establish G1 lines for heritability studies and mosaicism.
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7.6. Biosafety and Ethical Considerations
v Follow institutional biosafety protocols approved by IBSC.

v/ Maintain logs of (a) Embryo collection date, (b) Number of injected embryos, (c)
Post injection survival rate, (d) Life history data, (e) Details of gene constructs, (f)
Number of individuals screened

v' Store the injected insects in mutant screening unit.

v’ Clearly label injected batches with date, construct, and research investigator.

v' Strictly not to release the injected insects into the environment without regulatory
approval.

7.7. Equipment Maintenance and Waste Disposal
v Clean injection needles, stages, and microinjectors after each session.
v" Dispose used needles, broken needles and dead embryos in autoclave bags.

v" Decontaminate surfaces with 70% ethanol or 10% bleach.
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8.0 Hygienic and Disease-Free Rearing of Insects

Insect rearing is a seven-day-a-week job. The insectary has to be independent of other
units with separate facilities for electrical power, refrigeration, water, storage, and
general supplies. It is essential that rearing facilities are kept scrupulously clean. Any sick
insects, contaminated materials, and equipment must be sterilized before being
discarded or reused. All working surfaces must be wiped with disinfectant before and
after use.

8.1. Disease caused on laboratory reared insects

Insects are susceptible to infection by a variety of microorganisms such as bacteria,
viruses, protozoans, fungi, rickettsia, and nematodes. Some microbes are considered to
be true primary disease-causing organisms, such as some baculoviruses. Other
microorganisms are known as facultative pathogens. They do not normally cause
diseases under field conditions, but can under laboratory environmental conditions.
These microbes can become associated with the insect through feeding on a diet
contaminated with the microbes in the laboratory. Also, we must be aware that not all
insect diseases are caused by microorganisms. These are referred to as amicrobial
diseases. Such diseases can be caused by mechanical injuries (e.g., bruises caused by
mishandling of insects); sub-optimal environmental conditions (e.g., high or low
temperatures and/or moisture conditions); harmful chemicals (e.g. toxins, poisons, or
insecticides); biological agents (e.g., parasitoids); genetics; and nutritional-related
factors.

8.2. Mode of transmission of diseases

Disease microorganisms can be transmitted via contaminated food ingestion, contact
with the insect’s cuticle, trans-ovarially (within the egg of the female), trans-ovum (on
the surface of the eggs), mating, and by vectors (e.g., ovipositor of parasitoids puncturing
the cuticle). The most common mode of transmission is through feeding on microbial-
contaminated food (e.g., on leaves, artificial diet, and cannibalism of infected insect
bodies). Another common source is by introducing disease-infected wild insects into a
laboratory colony. These diseased insects can introduce the infectious microbes through
mating (males as well as adult females can transmit some disease organisms) and eggs
(surface-contaminated eggs or within the eggs), and by contaminating adult diet with the

microorganisms.
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8.3. How do disease microbes affect the insects?
Some diseases, such as those caused by the baculoviruses, cause acute reactions. Such a
reaction results in death, usually in the larval stage but depends upon when infection
occurs. Other disease organisms, such as some protozoans (i.e., microsporidia), cause
chronic effects within the insect colony: there can be a slight increase in developmental
time and/or a reduction in egg production and egg hatch. However, when chronically
infected individuals are stressed and weakened by, say, a suboptimal environmental
factor such as high temperature, the organisms increase rapidly and infect a high
percentage of the adults. The results can be colony collapse and total destruction.
8.4. Detection of infected insects
Rearing staff must be educated to recognize the signs and symptoms of disease and must
be continuously looking for variations from normal healthy insects. Regular, careful
monitoring of the various insect stages is imperative to watch for signs and symptoms of
diseased insects. These signs can be color change, abnormal body size, change in form
and texture, odor, wounds (such as melanotic spots indicating the point of entry of a
fungal pathogen), and presence of a pathogen (a definitive sign of infection in most cases).
Symptoms are objective aberrations in function and behaviour indicative of disease.
Examples of symptoms are abnormal movement (movement to higher elevation, lack of
coordination, twitching), abnormal response to stimuli (little or no response to stimuli
like touching), reproductive disturbance (reduced matings and number of eggs produced,
all male offspring), and variation in longevity (premature mortality, prolonged larval
stage). With the help of a microbiologist/pathologist, the microbial organism can be
identified and classified to a major group of microbes (viruses, bacteria, protozoans). One
must become educated in the microbiology procedures, such as:

e preparation of growth media for bacterial identification

e preparation of specimens (slides) for identification

e the use of equipment such as light microscopy for identifying microbial characters

¢ identifying the microbe by use of taxonomic keys
Identifying microbes to the species level requires professional assistance, as molecular
techniques often must be utilized.
8.5. Prevention and management of diseases in insectary
We should be familiar with disease recognition, transmission, and adverse effects of

various microbes on the biological fitness of reared insects. Prevention is taking the steps
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to avoid introducing the microbe into the colony in the first place. Management is
minimizing the effects of the disease organism once the colony is infected.

i.  Establish the starter colony obtained from other labs (founder insects to start the
colony) using only disease-free individuals. Screen the immatures or adults
collected from the wild for disease-causing microbes and use only progeny from
the disease-microbe-free parents for colony establishment.

ii.  As colonies age, often we need to increase the genetic diversity of the colony by
introducing genes from wild individuals. When doing this, one should quarantine
the field-collected insects from the established colony, screen for microbial
disease-infected individuals using appropriate techniques, and use only microbe-
free insects for crossing into the existing colony.

iii.  Egg sterilization - Surface sterilization of eggs to destroy transovum- (egg surface)
transmitted microbes by washing the eggs in sodium hypochlorite solution (0.2%)
for five min. Then rinse thoroughly wi

iv.

vi.  thsterile distilled water and leave to air-dry in the shade. An additional tactic may
be employed to kill microbes that are inside the eggs (transovarially transmitted)
by heat treating the eggs in a regulated water bath to destroy the microbes.

vii.  Pupa sterilization: Soak the pupae in 0.3% sodium hypochlorite solution for up to
5 min and then rinse thoroughly with sterile distilled water.

viii.  Sanitation/Sterilization- This tactic involves ensuring strict personal hygiene, as
humans are chief carriers of a variety of problem microbes, and sanitizing facility
floors, walls, work surfaces, and equipment used in preparing the diet and rearing
the insects (i.e., larval rearing containers and adult cages). While using leaves
/plant tissues, one should consider sterilizing their surfaces with a solution of
0.4% sodium hypochlorite for 5 to 10 minutes and then washing the leaves
thoroughly in running tap water to remove the bleach prior to feeding.

ix. For those that are using an artificial diet to rear insects, the diet can be
sterilized/sanitized by heating in the preparation (cooking) process and by adding
mold and bacteria inhibitors and antibiotics to the diet.

x.  Air filtration - Air filtration is another critical tactic for preventing microbial-

caused diseases and diet contamination. Filtration and removal of up to 95% of
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Xi.

xii.

xiil.

Xiv.

XV.

the particles from the air can be accomplished by forcing contaminated air
through a combination of special low- and high-efficacy filters.

Laboratory design - When designing a rearing laboratory, attention needs to be

made for separation of rearing, bioassay, and wash rooms.

Personnel and traffic control - To maintain an aseptic environment for rearing,

limit personnel, especially in the clean rooms, to only authorized individuals.
Rearing personnel should restrict their movement from clean to dirty areas and
not from dirty back into clean rooms for fear of contaminating these sensitive
areas.

Stress minimization - Rearing insects in the laboratory inherently creates stress
on the insects, which makes them more vulnerable to microbes that cause
diseases. Efforts should be made to minimize the stress by not overcrowding
larvae or adults, by ensuring stable optimum environmental conditions
(temperature and moisture), and offering the larvae and adults high-quality food.
This is a principal tactic used to manage chronic diseases.

Monitoring for disease incidence - The insects being reared must be monitored

for disease symptoms and signs on a regular basis. Periodic microscopic screening
of randomly-selected insects from the colony(s) for disease-causing microbes is
also essential.

Microsporidian (protozoan) infection is more common in the orders Lepidoptera
and Diptera. Transmission can occur by ingestion, transovarial, transovum, or
cuticular, with ingestion of spores being the most common route. The spore stage
is the only stage capable of existing outside of the host and is resistant to most
environmental conditions. Chronic infections may be very prolonged, lasting
months to a year, while systemic infections may lead to death after a short period
of time. Infected larvae survive to adulthood, which leads to transovum
transmission. The usual signs and symptoms of infection are as follows: altered
color, size, and form depending on tissues infected; translucent larvae may turn
opaque or milky white; growth is retarded; or larvae appear sluggish. The best
way to prevent the protozoan from entering the rearing system is to establish a
laboratory colony from progeny of only Nosema-free adults. Microscopic slides
with smears of tissues taken from meconia (a whitish fluid voided from the adult

emerging from the pupa) for observation using a compound light microscope are
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XVI.

XVii.

Xviil.

XiX.

XX.

advocated to identify the presence of spores. This technique allows one to select
disease-free adults prior to mating and egg production.

Periodically check for the following quality parameters for disease-free insect
rearing: Quantity- number of pupae or adults, size- weight of pupae, fecundity-
oviposition and egg hatch, rate of development-synchronization, adult behavior-
flight, longevity, field performance.

Other precautions: Disposable containers/items should be autoclaved before
being discarded. Non-disposable plastic containers used for insect rearing should
be immersed in disinfectant, e.g., 0.4% sodium hypochlorite (NaOCl) solution
overnight. It should be prepared as and when required from the concentrated
form. All pipettes and pipetting devices should be periodically autoclaved and
checked for accuracy. The simplest way to check the accuracy is to weigh a
measured volume of water (the density of water is 0.998, 0.997, 0.995 and 0.994
g at 20, 25, 30 and 35°C respectively).

Clean the insectary and table surfaces with any floor cleaning agent, or 70 percent
ethanol (vol/vol) diluted with water is useful for wiping down benches. The
addition of 2 percent iodine will increase the effectiveness of this solution. Wiping
the bench top and floor with 0.4% sodium hypochlorite solution twice a day also
found effective.

Sterilization of heat-resistant glassware can be done by hot air oven (160°C for 60
min). Dissection instruments such as scissors, scalpels, etc can be sterilized by
storage in 70% ethanol.

Disinfection of rearing room: Thoroughly clean windows, doors, floor, walls,
table and all washable equipment with NaOCl (0.4%) or any other disinfectant
having chlorine. Formaldehyde vapor is an extremely effective biocidal agent.
Formaldehyde is available as a 37 to 40 percent aqueous solution known as
formalin. It acts as an alkylating agent, inactivating micro-organisms by reacting
with carboxyl, amino, hydroxyl and sulphydral groups of proteins as well as amino
groups of nucleic acid bases. Fumigation is effective at temperatures above 202C
and relative humidity of 65%. When formalin is heated, formaldehyde vapor is
generated. Aroom requiring disinfecting should be sealed completely by covering
cracks, ventilators, etc. with brown paper and adhesive tape. Switch off all lights,

A/C, and other electrical & electronic items. Add 1 ml of formalin (40 percent
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formaldehyde) to 0.3 g potassium permanganate per cubic ft of space (L X W X H).
The room is closed by sealing the door, and it is left for 24 h. Paste a warning
notice on the front door indicating fumigation is in progress. Then, a basin of
ammonia solution is introduced and left for several hours to neutralize the
formaldehyde and paraformaldehyde. Remove excess ammonia by ventilating the
room.

xxi.  Sterilization by UV irradiation: Cabinets and rooms can also be fitted with UV

lamps for surface sterilization.
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9.0 Basics on Lab Safety, Buffers, pH, and Other Lab Techniques

Although analysis of samples is frequently carried out by using sophisticated
instruments, the importance of basic laboratory skills cannot be overlooked. One should
be able to handle instruments and prepare samples/solutions correctly by understanding
the basic concepts. Before carrying out any laboratory work, make sure:
e You are familiar with the lab safety and test methods
* You know how to use all the necessary equipment/apparatus correctly and safely
* You know of any hazards associated with the chemicals and reagents that you will be
using and how to handle them correctly.
9.1. Lab safety
General lab safety rules
e Make sure you know where your lab's safety equipment is, including first aid
kit(s), fire extinguishers, etc.
e Passageways should not be obstructed in any fashion, such as by storage,
equipment, etc.
e Benchtops and fume hoods should not be used for chemical storage.
e Lab areas containing carcinogens, radioisotopes, and biohazards should be
properly marked with the appropriate warning signs.
¢ Open flames should never be used in the laboratory.
e Always work in properly ventilated areas.
¢ Do not chew gum, drink, or eat while working in the lab.
e Laboratory glassware should never be utilized as food or beverage containers.
e Never use lab equipment that you are not trained to operate.
e Ifyou are the last person to leave the lab, make sure to lock all the doors and turn
off all ignition sources.
e Do not work alone and never leave an ongoing experiment unattended. After
hours, laboratory work must have your supervisor's approval.
e Make sure you always follow the proper procedures for disposing of lab waste.
e Reportall injuries, accidents, and broken equipment or glass right away.
e Inthe event of a chemical splashing into your eye(s) or on your skin, immediately

flush the affected area(s) with running water for at least 20 minutes.
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Inform security about the lab you are working in after hours, phone number, how

long you expect to be there, and who to contact in case of emergency.

Laboratory housekeeping rules

*
°

X/
L X4

X/
L X4

X/
L X4

When your work requires aseptic (sterile) conditions, you should wash the bench
top with 70% ethanol. Although this procedure does not need to be sterile, wash
the table with ethanol / any other cleaning agent to get into the habit.

Always have waste beakers for used tips when you are micropipetting; do not use
the sink for disposal of tips.

Do not touch the tip with your hands. Leave it in the box and push the end of the
micropipette firmly into the tip.

Always keep your work area(s) tidy and clean.

Only materials you require for your work should be kept in your work area.

Everything else should be stored safely out of the work area.

Personal protection

Work only in a well-ventilated area.

When working with equipment, hazardous materials, glassware, heat, and/or
chemicals, always wear face shields or safety glasses.

When handling any toxic or hazardous agent, always wear the appropriate gloves.
Use appropriate gloves - nitrile when working with xylene, acetone, and acids;
latex for other materials associated with the laboratory.

When performing laboratory experiments, you should always wear a smock or lab
coat.

Before leaving the lab or eating, always wash your hands.

After performing an experiment, you should always wash your hands with soap

and water.

Chemical safety rules

X/
°

*
°

X/
L X4

When a chemical is received, the label must contain the following information:
Date received and indenter’s signature.

Familiarise yourself with the appropriate protective measures when exposed to
the following classes of hazardous materials: Flammable, Corrosive, Toxic,
Carcinogen, Compressed Gases and Poisons.

Do not store flammable substances in refrigerators. Do not store combustibles

(e.g., cardboard boxes) with flammables.

© Authors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page | 36



Insect Bio-Safety Level (IBSL) Laboratory: Safety, Containment and Operational Manual

¢ When mixing solutions, always add the acid slowly to the water. Never pour water
into concentrated acids or bases.
% Acids should be stored separately from other chemicals. The place where acids are
stored should be designated as an “acid cabinet”. They should be kept on low
shelves to minimize the danger of containers falling.
¢ Label the prepared reagents/solution properly with date and chemical name.
¢ Every chemical should be treated as though it were dangerous.
% Do not allow any solvent to come into contact with your skin.
¢ All chemicals should always be clearly labelled with the name of the substance, its
concentration, the date it was received, and the name of the person responsible
for it.
¢ Before removing any of the contents from a chemical bottle, read the label twice.
¢ Chemicals should never be mixed in sink drains. Do not discharge concentrated
acids or bases, flammables, highly toxic substances, or heavy metals such as
mercury (B-5 fixative) into the sewer.
+ Flammable and volatile chemicals should only be used in a fume hood.
¢ Ifa chemical spill occurs, clean it up right away.
% Solutions containing formaldehyde must include the yellow “Formaldehyde”
warning label. Solutions containing a known carcinogen must be labelled as
“Carcinogen”. Flammable solutions must be labelled as “Flammable”. Solutions
containing strong acids or alkalis must be labelled “Corrosive”.
¢ Accurate records of receipt, use, transfer, and disposal of highly toxic,
carcinogenic, suspect carcinogenic, and radioactive materials must occur
% Known carcinogens: Aniline, chloroform, chromium compounds, chromic acid,
potassium dichromate, formaldehyde, basic fuchsin, chlorazol, black ponceau,
acridine orange, basic fuchsin, Congo red, crystal violet (gentian violet), fast green
FSF, rhodamine B, Sudan red.
Waste disposal

e Appropriate containers should be used as receptacles of hazardous waste. All
containers must have secure lids that will not leak when inverted. “Hazardous
Waste” tags must be attached to each container of waste. Containers holding
hazardous waste must always be closed during storage, except when it is

necessary to add or remove waste.
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Never dispose of strong oxidizers and acids together.

Metal drums should be used for storing waste like xylene, acetone, alcohol,
chloroform.

Glass containers should be used for any solution containing chemicals corrosive
to metal.

Pack broken glass items in cardboard boxes.

Ensure that all chemical waste is disposed of by incineration.

Electrical and equipment safety rules

X/
L X4
X/
L X4
X/
L X4
X/

L X4

X/
L X4

All electrical equipment must be properly grounded.

Maintain a log book for the equipment.

Learn how to use and maintain the instruments you are intended to use from the
in-charge.

Switch off and disconnect the equipment plug after use.

Always turn off a high voltage power supply when you are attaching it.

Use the equipment with stabilizers.

Whenever you can, avoid using extension cords.

9. 2. Proper use of equipments

9.2.1 Micro pipette

>

Never use a pipetter outside of its prescribed volume range; it will not pipette

accurately, and you can compromise the calibration.

P1000 | 200 - 1000 ul (0.2 - 1 ml)
P200 | 20-200 pul (0.02 ml - 0.2 ml)
P20 2-20ul (0.002 ml - 0.002 ml)
P10 0.5-10pul
P2 0.1-2ul
» There are two stops when pressing down gently on the push-button (Fig. 1). The

first stop is subtle and is reached just before you completely depress the button.
The second stop is when the push-button is depressed as far as it will go. Use the
first stop when expelling air from the pipette in preparation for drawing up liquid.

Press to the second stop only when you are expelling liquid from the pipette.
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i

Figure 1. Right use of pipette

» Place the disposable tip into the liquid to about 3 mm deep. [If your tip is
immersed too deeply, droplets will form on the outside of the tip, resulting in a
larger volume being transferred than you planned. When the push-button has
reached the starting position, wait one second so that all the liquid has time to
move up into the tip [Do not let the push-button move up too quickly; this will
result in liquid 'jumping' into the tip and possibly being drawn up into the tip-
holder].

» Place the tip at an angle (10 to 459) against the inside wall of the receiving vessel,
so that the tip contacts the wall. Depress the push-button smoothly to the second
position (this is the 'blow-out'). Again, wait 1 second to make sure all the liquid is
expelled. Remove the tip by sliding it up the wall of the vessel. After the tip has
been removed from the vessel, you can allow the push-button to move back to the
rest position.

» As with any measuring device, a pipette is not 100% precise each and every time
you draw up a volume. It is important to regularly check that a pipette is working
within its specifications, as indicated by the manufacturer. There are two such
specifications: accuracy and precision. Accuracy refers to how close the real
volume is to the set volume. Precision refers to how similar multiple
measurements of the same volume are. It is possible for a pipette to be precise, but
not accurate, or accurate, but not precise.

» The most commonly used method to check the accuracy and precision of a pipette

is gravimetric. This method is based on the principle that given a certain mass of
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water and its specific gravity, the volume <can be calculated.
At 4°C, pure water has a density of about 1 g/cm3 or 1 g/ml. Water's density is
also dependent on the air pressure. These two factors are combined to create a Z
factor, used for converting the weight of a volume of water to its actual volume. To
determine the Z factor, simply use Table 1.

Table 1. Values of the conversion factor Z (nl/mg) as a function of temperature and

air pressure for distilled water.

Temperature Air pressure
°C hPa
800 853 907 960 1013 1067
15 1.0018 1.0018 1.0019 1.0019 1.0020 1.0020
15.5 1.0018 1.0019 1.0019 1.0020 1.0020 1.0021
16 1.0019 1.0020 1.0020 1.0021 1.0021 1.0022
16.5 1.0020 1.0020 1.0021 1.0022 1.0022 1.0023
17 1.0021 1.0021 1.0022 1.0022 1.0023 1.0023
17.5 1.0022 1.0022 1.0023 1.0023 1.0024 1.0024
18 1.0022 1.0023 1.0024 1.0024 1.0025 1.0025
18.5 1.0023 1.0024 1.0025 1.0025 1.0026 1.0026
19 1.0024 1.0025 1.0025 1.0026 1.0027 1.0027
19.5 1.0025 1.0026 1.0026 1.0027 1.0028 1.0028
20 1.0026 1.0027 1.0027 1.0028 1.0029 1.0029
20.5 1.0027 1.0028 1.0028 1.0029 1.0030 1.0030
21 1.0028 1.0029 1.0030 1.0030 1.0031 1.0031
21.5 1.0030  1.0030  1.0031 1.0031 1.0082  1.0082
22 1.0031 1.0031 1.0032 1.0032 1.0033 1.0033
22,5 1.0032 1.0032 1.0033 1.0033 1.0034 1.0035
23 1.0033 1.0033 1.0034 1.0035 1.0035 1.0036
23.5 1.0034 1.0035 1.0035 1.0036 1.0036 1.0037
24 1.0035 1.0036 1.0036 1.0037 1.0038 1.0038
24.5 1.0037 1.0037 1.0038 1.0038 1.0039 1.0039
25 1.0038 1.0038 1.0039 1.0039 1.0040 1.0041
25.5 1.0039 1.0040 1.0040 1.0041 1.0041 1.0042
26 1.0040 1.0041 1.0042 1.0042 1.0043 1.0043
26.5 1.0042 1.0042 1.0043 1.0043 1.0044 1.0045
27 1.0043 1.0044 1.0044 1.0045 1.0045 1.0046
27.5 1.0044 1.0045 1.0046 1.0046 1.0047 1.0047
28 1.0046 1.0046 1.0047 1.0048 1.0048 1.0049
28.5 1.0047 1.0048 1.0048 1.0049 1.0050 1.0050
29 1.0049 1.0049 1.0050 1.0050 1.0051 1.0052
29.5 1.0050 1.0051 1.0051 1.0052 1.0052 1.0053
30 1.0052 1.0052 1.0053 1.0053 1.0054 1.0055

9.2.2 Centrifuge

e Centrifuges must always be balanced before being run. This means that every tube
must be directly across from another tube that has an equal mass.

o When using a low-speed microcentrifuge (max rpm = 15000), you can assume
that tubes with identical contents and volumes have the same mass (e.g., if you are
doing two plasmid preps side by side, the tubes should have the same components
and volumes).

o Ifthetubes do nothave identical components or do not have the same volume, you
will have to weigh the tubes and adjust the lower-weight tube to be the same

weight as the heavier tube (+/- 0.1 g).
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If you can't adjust the volume of the tube, or if you only have one tube to spin, make
up a similar mass tube using water (we call this a balance-tube).

Don’t run without placing the rotor lid.

Always place your tubes with the hinge facing the outer rim of the rotor. If you are

spinning something down, this will make it easier to find the pellet.

9.2.3. Spectrophotometer/microplate reader

X/
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X/
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X/
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X/
L X4

Calibrate (if not auto) and warm up the instrument before use.

Keep the sample holder neat and clean without any spillage.

Properly maintained and clean cuvettes are a basic requirement for accurate and
reproducible results. Wash the cuvettes immediately after use. Rinse with
deionized water at least three times, allow them to drain, and dry them inverted.
If the cuvettes have cracks, chips, or scratches, they should be immediately
replaced.

Do not use rough paper products that will scratch the cuvette’s surfaces. Scratches
will cause light scattering and will ultimately affect the measurements.

Avoid contact with the clear (transparent) side of the cuvettes with any hard wipe
/ hard surface.

Ensure the transparent sides of the cuvettes are in the optical path.

Wash the cuvettes with blank solution or distilled water

Wash the cuvettes with methanol (if used for estimation of protein by Bradford'’s
Coomassie dye binding method) to remove the dye, followed by rinses with

distilled water.

Calibration of cuvette

Take the transmittance of distilled water at 200nm using one of the cuvettes
(amongst the pair of two) on the spectrophotometer using an air blank.
Take the transmittance of distilled water at 200nm using the second cuvette
(amongst the pair of two) on the spectrophotometer using an air blank.
Acceptance criteria: Transmittance obtained by using two cuvettes should be the

same (by neglecting figures after the decimal).

Light path correction in microplate reader

Microplate reader: BioRad iMark® readercomes with six standard
absorbance filters: 415, 450, 490, 595, 655, and 750 nm. Select appropriate filters

as per the experimental need.
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UV/VIS spectrophotometers and microplate readers differ fundamentally in their
beam geometry. In spectrophotometers, samples are read through cuvettes with
a horizontal (cross-sectional) light path. The horizontal light beam and the
customary 1-cm path length make assays based on extinction coefficients
straightforward and allow easy comparison of results between labs.

In microplate readers, the vertical light beam results in a path length that depends
on the volume of fluid in each well. Because the concentration (C) of a solution is
dependent on its absorbance (A), path length (b), and molar absorptivity(¢)
(Beer's Law: A=eb(), if one were to measure an identical solution in a cuvette and
then a microplate, then two different values of absorbance would be obtained
because of the difference in path length.

The path length in a microplate reader depends on the total volume we use in the
wells (depth of the solution in cm) and the shape of the plate bottom. For a
standard flat-bottom 96-well plate, a volume of 350 microliters has a 1 cm path
length. Other estimations are for a 100 microliters - 0.28 cm, 200 microliters - 0.56

cm, 250 microliters - 0.70 cm.

Protein /enzyme estimation using standard curve

X/
°e

Plot absorbance vs concentration (using Excel worksheet - Scatter plot), and
obtain the equation of the line (y = mx + b), with r2 as close to 1 as possible.
Another option is to subtract the value of "zero" protein, then the straight line
passes through zero and the equation simplifies: y = mx.

Where y is the absorbance, m is the slope, and x is the concentration.

Thus, x=y / m.

The absorbance of the sample is divided by the value of the slope, and the
concentration is obtained.

If the sample was diluted, the value is adjusted by multiplying by the dilution

factor.

9.2.4 pH meter

Most pH meters incorporate a glass sensor and a reference tube. The pH probe measures

the activity of hydrogen ions by generating a small amount of voltage across the sensor

and the reference tube. The meter then converts that voltage to a pH value and displays

it on a digital screen. Also, many digital pH meters have a built-in thermometer that
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automatically adjusts for any discrepancies from the baseline 25°C. This function is called

automatic temperature compensation (ATC).

X/
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If testing a range, then the meter should be calibrated in the middle of that range.
For example, if testing an acidic solution, a pH meter should be calibrated to pH
4.0 to achieve the most accurate results. Most waters fall into the range of pH 6.0
to pH 8.0. Therefore, to test the pH of water, calibrating your meter to pH 7.0 will
suffice. The three most common pH levels for calibration are 4.0, 7.0, and 10.0. At
least two-point calibration is essential for optimum testing.

Many pH meters incorporate glass sensors and reference tubes that must be
stored in specially formulated solutions. If using a handheld meter, the storage
solution will often be in the meter's cap. For most pH sensors, it's critical that the
sensor be stored wet in the appropriate solution.

To clean most pH sensors after use, rinse in distilled or deionized water. Shake off
any excess water and return the sensor to its storage solution.

The majority of pH sensors have a lifespan of approximately 1-2 years. If you are
experiencing erratic readings and having difficulty calibrating, it may be time to

replace the sensor (or your meter, if the meter doesn't have a replaceable sensor).

Cleaning of contaminants

K/
°e

Method 1. Soak the electrode in a 0.4 molar concentration of HCI for 10 minutes,
then rinse the electrode with deionized or distilled water. This should remove any
organic protein from the glass electrode and the surface of the reference electrode.
Method 2. Soak the electrode in a 3.8 or 4.0 molar KCl (potassium chloride)
solution heated to 50°C for 1 hour. Allow the KCl solution to cool down to room
temperature, then rinse the electrode with deionized or distilled water. This will
open and clean the reference electrode of all contaminants.

Method 3. Soak the electrode in a 4.01 pH buffer solution, heated to 50°C for 1
hour. Allow the buffer to cool down to room temperature, then rinse the electrode
with deionized or distilled water. This will open and clean the reference electrode.
Electrodes should be rinsed between samples with distilled water. Never wipe the
electrode. Blot the end of the electrode with lint-free paper to remove excess
water.

Always keep the pH electrode moist. We recommend that you store your electrode

in a solution of 4 M KCL. If 4 M KCl is not available, use a pH 4 or 7 buffer solution.
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DO NOT store the electrode in distilled or deionized water; this will cause ions to
leach out of the glass bulb and render your electrode useless. After storage, you
may notice white KCI crystals forming outside your electrode. This will not

interfere with measurements. Simply rinse the electrode and blot dry before use.

9.3. Working with reagents

R/
A X4

When repeatedly pipetting the same reagent into multiple tubes, you must change
tips between tubes. This prevents contaminating the reagent or cross-
contamination between samples (one exception - if the tube is empty, you can use
one tip to add the reagent to all tubes).

A note on water and molecular grade reagents. Tap water contains a plethora
of organic and inorganic impurities such as microorganisms, endotoxins, DNase
and RNase, and salts. Thus, for all solutions that will come in contact with
biological molecules, use only 15 megohm (MQ) water (MilliQ) or distilled
water. For similar reasons,use only high-quality molecular-grade
reagents (tested for the presence of DNases, RNases, and Proteases).
Working with small volumes (1l to 1ml)

When dispensing a small volume, touch the end of the pipette tip to the inside wall
of the receiving tube to help draw the liquid out of the tip and into the tube. Before
opening tubes, give the tube a 'quick spin'. After setting up a 50 pl or smaller
reaction, mix the reaction by pipetting up and down 2 or 3 times with a pipette set
to ~ 80% of the total volume (avoid foaming, as many enzymes are destroyed by
foaming). Then 'quick spin' the tube.

Using concentrated stock reagents. In molecular biology, we commonly work in relatively
small volumes (less than a ml). This creates a problem for making solutions. Instead of
attempting to weigh out such small amounts, we make stock solutions at
concentrations 10 times (10X) or greater than needed. We then simply add the
appropriate volume to the reaction we are setting up to get the desired final
concentration. For example, buffers are usually made as 10X stocks. The working
concentration is usually 1X. Therefore, you would dilute the stock buffer 1/10 into
your reaction tube (e.g. if the final volume of the reaction is 10 pl, you would need
to add 1 pl of the 10X stock buffer).

Setting up several similar reactions - the easier way. When setting up several similar

reactions, use a master mix that contains all the common components, rather
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than setting up each reaction separately. A master mix saves time and increases
accuracy because you set up each reaction with only 2 pipetting steps, rather than

3 or more.

9.4. Sterilizing in molecular biology

Most solutions we work with in molecular biology are sterile. The need for sterile
growth media is obvious; however, most solutions used in molecular biology need
to be kept sterile because they are excellent substrates for microbial growth. Even
small amounts of microbial contamination can cause problems, especially if you
will be using amplification techniques, such as PCR. We also use only sterile
consumables (e.g. tips and tubes) as biological contaminants can be carried on
these.

Autoclaving. Autoclaves use saturated steam under pressure of approximately 15
pounds per square inch to achieve a chamber temperature of at least 121°C for a
prescribed time, usually 20-30 minutes. Packaging of items or liquids to be
sterilized must permit heat (steam) penetration, and prevent pressure
differentials that could result in breakage. This may be accomplished by using
techniques such as: loosening screw caps or using self-venting caps, capping open
containers for sterilization with aluminum foil, opening plastic bags prior to
loading them into the autoclave.

Do not place sealed containers in an autoclave. Additionally, make sure any
containers you put in the autoclave can handle the heat and pressure. For glass,
Pyrex is a good choice; for plastic, use polypropylene (PP) or polycarbonate (PC).
Only after solutions have completely cooled, tighten the lids.

Autoclaving plastics, tips in tip boxes, glass etc. Wrap plastics, glass, etc. in foil,
PP bags, autoclavable plastic containers, or Pyrex containers. Loosely set caps on
any containers.

Filter sterilizing. Solutions that contain heat-labile components must be filter-
sterilized. Such solutions include many proteins, vitamins, amino acids,
carbohydrates, and most antibiotics. To filter-sterilize small volumes (10 ml or
less), use a filter that can be fitted on the end of a syringe. For larger volumes, use
sterile filters which can be fitted onto a bottle top. The porosity of the filter
membrane should be no larger than 0.2 microns (um). Collect the filtered solution

in sterile containers.
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Disposal of biohazards. Sterilization by autoclaving is an acceptable method for
decontaminating microbes. However, autoclaving does not sufficiently
decontaminate insect tissues, hazardous chemicals, and acrylamide /agarose gels.
They must be incinerated in an incinerator. Volatile organics, such as phenol or
chloroform, must be sent to a certified chemical disposal plant.

Decontaminating ethidium bromide. There are a variety of ways to remove
ethidium bromide from solution. All of them involve binding the ethidium bromide
with some type of solid. Once decontaminated, the remaining solution can be
safely poured down the drain. The contaminated solid material is sent to a
chemical waste disposal plant for further treatment. Examples of solids that will
bind ethidium bromide include: activated charcoal, certain resins such as

Amberlite XAD-16 (Sigma)

9.5. Buffer solutions

A lot of biological and chemical reactions need a constant pH for the reaction to
proceed. It is essential when working with protein solutions / enzymes and other
biomolecular reactions. The pH determines not only the overall native
conformation (and proper functioning) of the protein, but it can also determine
how the protein interacts with other biomolecules. When a solution is buffered, it
resists a change in pH, even when H* ions are added or lost from the system.

All buffers have an optimal pH range over which they can moderate the changes
in hydrogen ion concentration. This is generally defined as the pKa or the negative
log of the dissociation constant of the acid. The pKa can be determined by using
the Henderson-Hasselbalch equation: pH = pKa + logio [A-]/[HA] , where pKa is
the dissociation constant for the weak acid. The buffer, composed of a weak acid
(HA) and its conjugate base (A-), is chosen to provide maximal buffering capacity
at a given pH. The maximum buffering capacity occurs when the pH of the solution
equals the pKa of the weak acid.

Knowledge of how to prepare a buffered solution is critical for accurate
biochemical analysis. Simply having a weak acid and the salt of its conjugate base
present in a solution doesn’t ensure that the buffer will act as a buffer. Buffers are
most effective within + 1 pH unit of their pKa. There are acids that can lose more

than one hydrogen ion (polyprotic acids), they can have multiple
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pKavalues. Buffers can either be prepared by mixing a weak acid with its conjugate
base or a weak base with its conjugate acid.

e General criteria for choosing buffers: Target pH of the solution, pH of + 1.0 of
the pKa value, high water solubility and minimal organic solvent solubility,
minimal salt interactions, minimal interactions between buffer and critical
reaction components, stable and resistant to enzymatic degradation

e When determining the appropriate concentration of buffer for pH control, the
following rule of thumb can be used to estimate a reasonable starting
concentration. If the process or reaction in the system being buffered does not
actively produce or consume protons (H+ ), then choose a moderate buffer
concentration of 50 to 100 mM. If the process or reaction actively produces or
consumes protons (H+ ), then estimate the number of millimoles of H+ that are
involved in the process (if possible) and divide by the solution volume. Choose a
buffer concentration at least 20 times higher than the result of the estimation
above. The rationale behind these two steps is that a properly chosen buffer will
have a 50 :50 ratio of acid to base at the target pH, therefore you will have 10 times
the available capacity to consume or supply protons as needed.

o Buffer preservation. Buffer solution needs to be preserved properly to maintain
pH and avoiding microbial growth. Common indicators of bacterial contamination
are cloudiness of the solution and contamination of assays or plates. Strategies for
avoiding microbial contamination include sterilizing buffers, manipulating them
using sterile technique, refrigerated storage, and maintaining stock solutions of
sufficiently high ionic concentration (10X to 100X).

e Water for making buffers. Distillation generally eliminates much of the inorganic
contamination. Deionized water can vary greatly in quality depending on the type
and efficiency of the deionizing cartridges used. The highest grade of water
available is generally referred to as 18 MW water (Reverse Osmosis / MilliQ™).
The inorganic ions are completely removed, and the water's ability to conduct
electric current decreases dramatically, giving a resistance of 18MW. Some
systems may include filters that exclude microorganisms, resulting in a sterile

water stream. High-grade 18 MW water tends to be fairly acidic, near pH 5.
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e Table 2. Commonly used buffers and their pKa values

(https://www.reachdevices.com/Protein/BiologicalBuffers.html)

Buffer pKa at 25°C
Maleic acid 192
Phosphoric acid 2.14
Citric acid 3.12
Acetic acid 4.2
Pyridine 5.23
Piperazine 533
Succinic acid 5.6
MES 6.20
Sodium carbonate 6.40
Bis-Tris 6.48
MOPSO 6.90
PIPES 6.96
Imidazole 6.99
MOPS 7.18
BES 7.18
Phosphoric acid 7.19
Sodium phosphate, potassium phosphate 6.80-7.21
TES 7.50
HEPES 7.56
DIPSO 7.57
TAPSO 7.63
Triethanolamine (TEA) 7.76
TRIS 8.07
Tricine 8.13
Glycylglycine 8.26
N-Methyldiethanolamine 8.54
Boric acid 9.23
CHES 9.43
Glycine 9.78
CAPSO 9.82
Ethanolamine 9.49
Piperazine 9.73
CAPS 10.49
Piperidine 11.12
Sodium carbonate 10.30

Preparation of Some Common Buffers for Use in Biological Systems

The information provided below is intended only as a general guideline. We strongly
recommend the use of a sensitive pH meter with appropriate temperature setting for
final pH adjustment. Addition of other chemicals, after adjusting the pH, may change the

final pH value to some extent.
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1.Hydrochloric Acid-Potassium Chloride Buffer (HCI-KCI); pH Range 1.0 to 2.2
(a)0.1 M Potassium chloride : 7.45 g/1 (M.W.: 74.5)
(b) 0.1 M Hydrochloric acid
Mix 50 ml of potassium chloride and indicated volume of hydrochloric acid. Mix and
adjust the final volume to 100 ml with deionized water. Adjust the final pH using a

sensitive pH meter.

ml of HCI 97 64.5 |415 |26.3 16,6 |10.6 |6.7

pH 1.0 1.2 1.4 1.6 1.8 2.0 2.2

2.Glycine-HCI Buffer; pH range 2.2 to 3.6
(a)0.1 M Glycine: 7.5 g/1 (M.W.: 75.0)
(b) 0.1 M Hydrochloric acid
Mix 50 ml of glycine and indicated volume of hydrochloric acid. Mix and adjust the final

volume to 100 ml with deionized water. Adjust the final pH using a sensitive pH meter.

ml of HCI 44.0 324 242 |168 |114 |82 6.4 5.0

pH 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6

3.Citrate Buffer; pH range 3.0 to 6.2
(2)0.1 M Citric acid: 19.21 g/l (M.W.: 192.1)
(b) 0.1 M Sodium citrate dihydrate: 29.4 g/1 (M.W.: 294.0)
Mix citric acid and sodium citrate solutions in the proportions indicated and adjust the
final volume to 100 ml with deionized water. Adjust the final pH using a sensitive pH

meter. The use of pentahydrate salt of sodium citrate is not recommended.

ml of Citric acid 46.5 |40.0 |35.0 [315 | 255 [20.5 |16.0 |118 | 7.2
ml of Sodium citrate 35 100 |150 |185 |24.5 | 295 |34.0 |382 | 428
pH 30 |34 38 |42 |46 |50 |54 |58 |62

4. Acetate Buffer; pH range 3.6 to 5.6
(a) 0.1 M Acetic acid (5.8 ml made to 1000 ml)
(b) 0.1 M Sodium acetate; 8.2 g/l (anhydrous; M.W. 82.0) or 13.6 g/I
(trihydrate; M.W. 136.0)
Mix acetic acid and sodium acetate solutions in the proportions indicated and adjust the
final volume to 100 ml with deionized water. Adjust the final pH using a sensitive pH

meter.
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ml of Acetic acid 46.3 41.0 30.5 20.0 14.8 10.5 4.8
ml of Sodium acetate 3.7 9.0 19.5 30.0 35.2 39.5 45.2
pH 3.6 4.0 4.4 4.8 5.0 5.2 5.6

5.Citrate-Phosphate Buffer; pH range 2.6 to 7.0
(2)0.1 M Citric acid; 19.21 g/1 (M.W. 192.1)
(b) 0.2 M Dibasic sodium phosphate; 35.6 g/I (dihydrate; M.W. 178.0) or 53.6
g/l (heptahydrate; M.W. 268.0)
Mix citric acid and sodium phosphate solutions in the proportions indicated and adjust

the final volume to 100 ml with deionized water. Adjust the final pH using a sensitive pH

meter.

ml of Citric | 44.6 | 39.8 | 359|323 (294|267 |243|222|19.7|169|13.6|6.5
acid
ml of Sodium 54 110.2 | 14.1 | 17.7 | 20.6 | 23.3 | 25.7 | 27.8 | 30.3 | 33.1 | 36.4 | 43.6

phosphate
pH 26 |30 |34 |38 |42 |46 |50 |54 |58 |62 |66 |70

6.Phosphate Buffer; pH range 5.8 to 8.0
(2)0.1 M Sodium phosphate monobasic; 13.8 g/l (monohydrate, M.W. 138.0)
(b) 0.1 M Sodium phosphate dibasic; 26.8 g/1 (heptahydrate, M.W. 268.0)
Mix Sodium phosphate monobasic and dibasic solutions in the proportions indicated and

adjust the final volume to 200 ml with deionized water. Adjust the final pH using a

sensitive pH meter.

ml of 92.0 | 81.5 | 73.5| 625|510 | 39.0 | 28.0|19.0 | 13.0 |85 |5.3
Sodiumphosphate,

Monobasic

ml of Sodium 8.0 | 185|265 |37.5|49.0|61.0 | 72.0 | 81.0 | 87.0 | 91.5 | 94.7
phosphate, Dibasic

pH 58 |62 |64 |66 |68 |70 |72 |74 |76 |78 |80

7.Tris-HCl Buffer, pH range 7.2 to 9.0

(2)0.1 M Tris(hydroxymethyl)aminomethane; 12.1 g/1 (M.W.: 121.0)

(b) 0.1 M Hydrochloric acid
Mix 50 ml of Tris(hydroxymethyl)aminomethane and indicated volume of
hydrochloric acid and adjust the final volume to 200 ml with deionized water. Adjust

the final pH using a sensitive pH meter.

ml of HCI 44.2 414 384 325 219 122 |5.0
pH 7.2 7.4 7.6 7.8 8.2 8.6 9.0
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8.Glycine-Sodium Hydroxide, pH 8.6 to 10.6
(a)0.1 M Glycine; 7.5 g/1 (M.W.: 75.0)
(b) 0.1 M Sodium hydroxide; 4.0 g/1 (M.W.: 40.0)
Mix 50 ml of glycine and indicated volume of sodium hydroxide solutions and adjust the

final volume to 200 ml with deionized water. Adjust the final pH using a sensitive pH

meter.
ml Sodium hydroxide 4.0 8.8 168 272 320 [386 |[455
pH 8.6 9.0 9.4 9.8 10.0 [104 |10.6

9.Carbonate-Bicarbonate Buffer, pH range 9.2 to 10.6
(a) 0.1 M Sodium carbonate (anhydrous), 10.6 g/1 (M.W.: 106.0)
(b) 0.1 M Sodium bicarbonate, 8.4 g/1 (M.W.: 84.0)
Mix sodium carbonate and sodium bicarbonate solutions in the proportions indicated
and adjust the final volume to 200 ml with deionized water. Adjust the final pH using a

sensitive pH meter.

ml of Sodium carbonate 4.0 9.5 16.0 | 22.0 |27.5 |33.0 |385 42.5
ml of Sodium bicarbonate 46.0 | 40.5 |34.0 |28.0 |225 |17.0 | 115 7.5
pH 9.2 |94 9.6 9.8 10.0 | 10.2 | 104 10.6

9.6. Preparing solutions

Percent concentrations may be expressed as:

1. weight per volume (wt/vol or w/v), which indicates the weight (in grams) of solute
per 100 mL of solution (used to indicate the concentration of a solid in a liquid)
2.volume per volume (v/v), which indicates the volume (in mL) of solute per 100 mL of
solution (used to indicate the concentration of a liquid dissolved in liquid)

3. weight per weight (w/w), which indicates the weight (in grams) of solute per 100 g
solution (used to indicate the concentration of a solid mixed in another solid). Note that
in all cases a 100 mL (or 100 g) solution is used since percent means out of 100.

4. Weight per volume is a common unit of concentration in the biotechnology lab.
This is often used for small amounts of chemicals and specialized biological reagents. For
example, enzyme and nucleic acid concentrations are often given as weight per volume
(for example, 1 pg/mL DNA).

Molarity

Molarity is the most common unit of concentration in the biotechnology lab. The molarity

of a solution is defined as the number of moles of solute per litre of solution. The symbol
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for molarity is M, but it can also be written as moles/Liter, or mol/L. A mole of any
element always contains 6.02 x 10723 (Avogadro’s number) atoms. Because some atoms
are heavier than others, a mole of one element weighs a different amount than a mole of
another element. The weight of a mole of a given element is equal to its atomic weight in
grams. Consult a periodic table of elements to find the atomic weight of an element. For
example, one mole of the element carbon weighs 12.0 g.

Example: Using a periodic table, calculate the molar mass of chromium oxide (CrO2). The
atomic weight of chromium is 52.00, and that of oxygen is 16.00. You must count the
oxygen twice because there are two per formula unit of chromium oxide. 52.00 + 2(16.00)
= 84.00 g/mol

Making molar solutions

We can't directly measure moles, but we can measure mass. To calculate the mass of a
chemical needed to prepare a given volume of a solution of desired molarity, you must

convert the number of moles to mass, using the chemical's molar mass as a conversion

factor.

Mass = molarity x volume X molar mass
moles/lite

? g = r X L x g/mole

Don’t forget to convert mL to L, if necessary.

Example: To prepare 100 mL of 1 M NaOH (FW

40.0),g=40g/molx 1.0 mol/Lx 0.1 L

g = 4 (dissolve 4 g of NaOH in 100 mL water)
Example: You want to prepare 1 mL of a 5 mM solution from a 10 M stock solution.
To find Ci1, you would first convert millimolar to molar so that the concentration is the
same on both sides of the equal sign. 5 mM = 0.005 M Then you would use C1V1 = C2V2.
(10 M)(? mL) = (0.005 M)(1 mL)
Preparation of stock solutions of pesticide with specified active ingredient (%)
500 ppm translates to 500 mg/L. Weigh 500 mg of the pesticide (solid or aqueous),
dissolve it in a little water first, and then make up the volume to 1 liter if the pesticide a.i.
is 100%. If the a.i. is only 50%, apply correction factor; 100/50 = 2
Therefore 500 mgx 2 = 1000mg
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Pesticide a.i | ppm stock | Correction factor | Required amount of
% solution to be formulation

prepared
Stock solutions of 500 ppm of solid pesticides with 100%, 50%, 25% and 10%

w/w active ingredient

100% 500 ppm (= | Nil 500mg/lit
500mg/lit)

50% 500 ppm x 2 (100/50) 1000mg/lit

25% 500 ppm x4 (100/25) 2000 mg/lit

10% 500 ppm x 10 (100/10) 5000 mg / lit

Stock solution of 500 or 1000 ppm of a solid pesticide with 2% w/w active

ingredient

2% 500 ppm x 50 (100/2 % ai) 25000 mg /lit

2% 1000 ppm x 50 50000 mg /lit (1000ml)
(=1000 mg/lit)

50000 mg / 1000 ml

=50mg /1 ml

=500 mg / 10 ml

=250 mg /5 ml (1000 ppm)

Weight by volume basis
lppm=1g/m3or 1 mg/litor 1ug/ml
Volume by volume basis

1 ppm =0.001 ml/l (Remember 1 mg is equal to 0.001 ml and 1000 mg = 1 ml

(or1g=1ml)

Weight by weight basis
1ppm=1mg/kg=1png/gm

(https://www.ausetute.com.au/partspm.html)

9.7. Cleaning and sterilizing glassware

© Auth

Pre-rinse: Soak all glassware in water with appropriate cleaning agent after use.
This will help prevent the contaminants from drying onto the glassware.

Contaminant removal: Wash using approved detergents and/or solvents, along
with scrubbing and jets of water, which will help with contaminant removal.
Typically, a lab glass detergent such as Labolene® or another liquid soap is used.
As with all washing, hot water is preferable to cold water. Often lab brushes are

used to help wash debris off glassware.

ors, 2026 Division of Entomology, ICAR-IARI, New Delhi Page | 53



Insect Bio-Safety Level (IBSL) Laboratory: Safety, Containment and Operational Manual

¢ Rinse: Therinse step is essential in removing the detergent and cleaning solvents.
Glassware should be rinsed 3 to 5 times in tap water.

¢ Final Rinse: Always use purified water to rinse away the final residue. This is
usually done 3 times.

e Drying: This is either done in the air on a rack or by heat. Never hand dry!
Glassware should be dried upside down so no contaminants from the air fall in.
Clean, dry glassware is often stored covered in a closed cupboard to avoid
contamination.

e Sterilize the heat-resistant glassware at 120°C for two hours. Normal glassware
and plastic ware should be rinsed/wiped with 100% ethanol and preferably
treated under UV for 30 min.

9.8. Isolation of RNA: Precautions and expected results

All of the RNA from a cell is referred to as total RNA. Total RNA mainly contains three
types of specialized RNA molecules. They are messenger RNA (mRNA), transfer RNA
(tRNA), and ribosomal RNA (rRNA). Each of these RNA types has a unique structure
related to its function.

Messenger RNA is copied or transcribed as a single strand from a portion of DNA
that represents a gene. It is essentially a copy of that gene, containing the same nucleotide
sequence as the DNA. The genetic code is made up of sets of three nucleotides called
codons. Each codon corresponds to an amino acid, or to a translation start or stop signal.
Messenger RNA is often modified greatly during or after transcription, especially in
eukaryotic cells (e.g.,, splicing, capping, polyadenylation). The size of mRNA will vary
depending on the size of the gene and on any modifications to the RNA that take place
after transcription.

Transfer RNA is also involved in protein synthesis in the ribosomes. It takes the
genetic message from mRNA (the sequence of codons) and translates it into the
corresponding amino acid sequence. It is a small (65-110 nucleotides), highly structured
molecule with a set of three nucleotides on one end that represent an anticodon. Each
tRNA anticodon is complementary to an mRNA codon. The other end of tRNA molecules
is designed to carry the amino acid that corresponds to its anticodon.

Ribosomes are small organelles made of proteins and rRNA. The ribosomes are
complex molecular machines that catalyze the creation of a polypeptide chain on an

mRNA template, using tRNAs and various protein co-factors. The proteins they produce
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then carry out the actual expression of the genetic trait (the phenotype). The ribosomes
of both eukaryotic and prokaryotic cells consist of two subunits. The rRNA components
of these two subunits vary in number and size from species to species and thus migrate

at different speeds in a denaturing agarose gel.

Species rRNA [Size (kb)
Human 18S 1.9

28S 5.0
Mouse 18S 1.9

28S 4.7
Drosophila 18S 2.2

melanogaster 28S 2.8
Tobacco Leaf 16S [1.5
18S 1.9
23S 2.9
25S 3.7
Yeast 18S 2.0
26S 3.8
E. coli 16S [1.5
23S 2.9
RNA has an extra -OH group in the ring of its ribose sugar that makes it more sensitive

to base catalysis (abstraction of a hydroxyl proton). Because of this, RNA is less stable
and more easily degraded than DNA. Also, because RNA is not double-stranded like DNA,
its nucleotide bases are more exposed than in DNA.

RNase enzymes, which degrade RNA, are very common in the environment, so
special care must be taken to avoid them when working with RNA. Precautions include
using fresh laboratory gloves to protect the RNA from nucleases present on the skin and
using RNase-free reagents. RNaseZap, an RNase decontamination solution, is ideal for
cleaning work surfaces, micropipettes, and equipment. RNases are also found in living
cells, so when working with biological samples it is important to inactivate RNases before
they have a chance to degrade the RNA in the sample. To do this, samples should be either
disrupted rapidly and thoroughly in a lysis solution especially formulated for RNA
isolation, or they should be frozen or collected in RNAlater, an RNA stabilization solution,

as quickly as possible after they are obtained from the source.
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Figure 3.: Intact vs degraded RNA

The vast majority (~85%) of RNA in the cell is ribosomal RNA, and this is what can be
seen on a gel after size separation by denaturing gel electrophoresis. The main rRNA
components of the two ribosomal subunits form the bands that are usually predominant
in the gel. mRNA is present, but it appears as a hazy background smear because of its
variable size (0.5-10 kb) and its relatively small representation (~2%) in the total RNA.
tRNA and other small RNA molecules make up 10-15% of total RNA but are not efficiently

resolved on denaturing agarose gels.
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