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MLAB 2479:  Molecular Diagnostics Techniques  

Laboratory 1:  Orientation and Laboratory Safety
INTRODUCTION 

In Molecular Diagnostics Techniques (MLAB2479) you will be learning many of the common techniques used to work with both DNA and RNA.   This will include isolation techniques, PCR amplifications, DNA sequencing, quantitative real-time PCR (qRT-PCR), and the use of bioinformatics tools.    The techniques learned here will build on those introduced in MLAB2378.

The specific objectives of the lab portion of the course are to:

· Develop critical thinking skills in the students

· Enhance skills to identify the important parameters in the design of a laboratory to conduct the most commonly-used molecular diagnostics protocols.

· Enhance skills to identify the important parameters in the design of a laboratory to conduct the most commonly-used molecular diagnostics protocols.
· Enhance skills to identify the important parameters in the design of a quality system for molecular analyses.

· Develop proficiency in the techniques required in order to perform the most commonly-used molecular diagnostics protocols.

· Enhance skills to design a well-controlled diagnostic test.

· Develop proficiency in the troubleshooting of a diagnostic test gone wrong.

· Learn about the important parameters in the design of a molecular diagnostic test.

· Encourage teamwork and accountability among the students

· Practice accuracy in calculations and in writing scientifically

Students are expected to behave professionally at all times and follow the ACC laboratory safety rules at all times.  The lab exercises are project-based.  Lab notebooks will be maintained and lab reports are required for all lab units on the class period following the completion of that unit in the laboratory.  

There will be both lecture and lab exercises every class period, usually interspersed during the class period to make the most efficient use of time.  The lecture will give background and relevant conceptual information about the procedures and related techniques encountered during the lab exercise.  

Orientation and Lab Safety

Safety Equipment and Information
1. On the following page is a safety sheet for labs that is required of all students taking a lab science at ACC.  We will review the following information together.

2. Write down all the information in the blanks and keep it available in your lab notebook while working in the student laboratory.  

ACC LAB SAFETY EQUIPMENT AND INFORMATION
· Information about chemicals used in this laboratory can be found in Material Safety Data Sheets (MSDSs) and in a chemical inventory located _______________________________ 
· Fire extinguishers are located: 

(1) _______________________________






(2) ________________________________
.

To use a fire extinguisher, pull the pin in the handle and squeeze the handle while pointing the nozzle at the base of the flame.

· Fire blankets are located: 
(1) __________________________


.

    




(2) ___________________________


.

If you are on fire, stop, drop and roll. Let someone else to get the fire blanket.

· A safety shower is located____________________________________


. 

If you spill a significant quantity of chemical, especially an acid or base on yourself immediately stand under the shower and pull the handle. Disrobe. The instructor will evacuate the room and close the doors for your privacy. Someone of your gender will stay to help you. Stand under the shower for at least 20 minutes. You will be given clothing after the shower.

· An eyewash is located ________________________________



. 

If a chemical is splashed or rubbed into your eyes you must use an eyewash for at least 20 minutes with your eyes held open. Someone will help you with this.

· If a person is experiencing electrical shock from touching wires or equipment, use a belt or other non-conducting material to pull them away from the electrical source. 

· First aid kits are located: 
(1) ____________________________


. 

    




(2) ____________________________




Only minor cuts and burns will be treated in the lab. Serious injuries must be treated in a medical facility. Emergency Medical Services (EMS) will be called if you are injured and are unable to take yourself to a medical facility. 

 

Dress code and personal protective equipment (PPE)

· While in the lab you must wear closed-toed shoes.  No exceptions.  If you wear sandals to the lab, you will be asked to leave or wear "booties”.
· In lab activities involving chemicals, you must wear long pants or skirts (below the knee) or a lab apron/coat (provided). 

· Wearing contact lenses in the lab is strongly discouraged. Students wearing contact lenses must wear safety goggles instead of safety glasses. Hair longer than shoulder length must be tied back.  Secure hair that falls over eyes.
· Gloves are provided and can be worn for any lab activity. Your instructor will inform you when gloves are required rather than optional. 



· For your safety, we recommend that you: 

· Avoid wearing loose clothing, especially long, loose sleeves.

· Wear natural fiber clothing because synthetic material melts onto skin in a fire.

· Remove watches, rings, and bracelets during lab activities involving chemicals.

 

Waste disposal 

· For chemical wastes, there are (i) flammable,  (ii) inorganic, and (iii) solid waste containers located

____________________________________





· For other wastes, there are containers for 

· biohazards - located_________________________







 

· glass - located _____________________________ 






· other trash - located _________________________________



· You must precisely follow the waste disposal procedures. Never dispose of anything in lab without prior direction from the instructor.

 

 

Lab conduct

·  DO NOT

· horse around or perform unauthorized experiments. 

· eat, drink, or chew (tobacco or gum) 

· bring drinks or food (even in closed containers) into the laboratory area. 

· pipette by mouth. 

· taste chemicals, or directly smell chemical fumes. 

· You shall follow all procedures in manuals, in handouts, and as given by the instructor.

·  You must store backpacks, coats, and other personal items (located _____________________











. 

We recommend that you bring as few items to lab as possible. 

· Report broken glass and chemical spills to your instructor immediately.  

 

Lab hygiene
· You must clean up your individual work area/equipment and community work areas/equipment (e.g., sinks, balances). 

· You must put lids back on bottles and containers immediately after use.

· Do not put excess chemicals back into original containers.  

· Only dispose of chemicals and waste as directed by the instructor.

· Wash hands prior to leaving lab.

· Always assume the chemicals used in lab are corrosive or irritating. Any time chemicals come in contact with your skin, wash the affected area immediately.

 

Chemical Hazards
1. Review MSDS sheets.  Know the location of the MSDS sheets in the lab.  Review the MSDS sheets associated with the chemicals you are using.  You can also find MSDS reports online by searching for “MSDS”.  If one site doesn’t have the chemical you are interested in listed, try another site.   There is no one standards MSDS for each chemical, so if you are not finding specific information from an MSDS report that you have found, go online to search at another site for a different report until you have found it.  
2. Wear personal safety gear  Wear gloves and goggles when handling potentially hazardous chemicals.  Wearing goggles is especially important if you wear contact lenses.  
3. Use the fume hood for handling potentially hazardous and volatile liquids and do not work with flammables around an open flame.  Check the MSDS sheet if you are unsure about using a chemical.
4. Report spills immediately to your instructor.  Know the location of the clean up station and how to use it.
5. Label all containers.  If you or anyone else finds an unlabeled container in the laboratory, it will be disposed of immediately as a hazardous waste.  Your label should include the following information:

· the chemical substance and its concentration

· the date the solution was prepared

· toxicity information, if it is hazardous

· the initials of the person who prepared the solution
6. Dispose chemicals correctly  Some of the chemicals you will be using pose a threat to our environment if they end up in the water supply.  Follow any special instructions for chemical disposal given in your lab instructions.  If you are unsure of how to dispose of a specific chemical, ask your instructor or look up the MSDS sheet.
Biohazards

1. Wear personal safety gear  - Always wear gloves.  Wearing a lab coat is recommended but not required.
2. Wash your hands with soap and warm water before and after labs in which you handle microorganisms.
3. Dispose used objects appropriately  Dispose of all objects that have come in contact with blood or body fluids into a biohazard bag, a container filled with dilute bleach solution or into a beaker to be autoclaved.
4. Clean your lab bench after using with disinfectant or bleach.
Mechanical Hazards

1. Centrifuge  Never touch a rapidly moving machine, such as a centrifuge, while it is moving.
Electrical Hazards

1. Gel Electrophoresis equipment poses a serious electrocution risk.  When assembling or dissembling the electrophoresis apparatus, always be sure that it is unplugged.  Connect the power supply and turn on the electrophoresis equipment only under supervision of the instructor.
2. Make sure equipment is in good repair  Check for frayed wiring or any other potential electric hazards on any electrically powered equipment.  Do not use if there are any exposed or frayed wires.  Report these safety hazards to your instructor for repair.
3. Keep area around equipment dry.  Make sure there is no water around electrically powered equipment before turning on the power.

Glassware
1. Use glass disposal box to dispose of glass items such as capillary tubes, Pasteur pipettes and broken glassware.  Never throw glass items into the regular trash.
2. Discard broken or cracked glassware.  Never use broken or cracked glassware.  Discard in the glass disposal box and inform the instructor.
3. Report cuts immediately to the instructor All cuts must be inspected and treated especially if there is blood.
4. Wash non-disposable glassware in warm soapy water, rinse 3 times with distilled water and place in drain board.
Violations of the Safety Rules

Failure to follow the lab safety procedures will have consequences for your grade in this course.

Minor infractions may result in points being deducted from your lab grade.

Major infractions that endanger anyone working in the lab (including yourself) may result in your being given a grade of “F” for the laboratory portion of the course and/or being prohibited from participation in future lab exercises.  
Some additional safety rules and employability skills for molecular laboratories.

· Keep your work surface tidy.  Do not place anything on your bench except the lab manual, your pre-lab, a pen and the materials needed to perform the activity.  An organized worker is a more efficient worker.

· Come prepared to class and do not rush through the lab exercises.  Look over the experiment carefully so that you can come to class prepared to perform the work and take the necessary time to do the labs correctly.  Be sure you know what you are supposed to be doing—then plan your actions and remain organized while carrying them out.  Hurrying or blindly following a protocol leads to carelessness, which leads to accidents.  

· Understand and follow the protocol. Prepare a pre-lab before starting the lab, and while at work in class, carefully review the SOPs.  Check with your lab partner(s) or supervisor to make sure everyone is clear on the protocol.  If you have any doubt about proper safe procedure in a specific instance, ask your instructor or supervisor

· Respect one another’s equipment.  No one likes a lab thief who steals another’s pipette or reagents.  When you are finished with a piece of equipment or a reagent, return it immediately so that others may have their turn.

· Avoid exposure to biohazardous tissues.  All human tissues, and to a lesser extent animal tissues, should be considered as biohazardous.  The risks from infective agents usually are reduced with steps of tissue treatments, such as freezing and fixation of tissues, but viral and prion agents remain active following most laboratory manipulations.  Wear gloves to protect yourself at all times, and change them frequently.  Take care not to stick or cut yourself while working in a molecular lab.

· Avoid creating aerosols.  Use filter tips on micropipettes when transferring fluids that have been exposed to human or animal tissues or infectious agents.  Use screw-top lids to store fluids that have been exposed to human or animal tissues or infectious agents—pop-top caps create aerosols when you pop the lids open.  If you must open a pop-top cap, first centrifuge the tube to remove liquids along the lid before opening it.  Aerosols can cause respiratory infections and can contaminate an entire lab through the ventilation system.  

· Design your laboratory lay-out to sequester work that entails biohazards to a specified region or room so that any unintended releases of infectious agents can be easily contained and disinfected.

· Decontaminate work areas on a routine basis.  Wipe down benches and equipment that are used during procedures that handle human and animal tissues or infectious agents with a disinfectant or bleach.  

· Dispose of biohazardous tissues appropriately.  Any disposable materials or fluids that have had contact with human or animal tissues or infectious agents must be disposed of in a biohazard bag and sterilized.  This includes gloves that you use and discard.

The following Internet resources have specific safety guidelines that are useful in molecular labs (taken from Patrinos & Ansorge, 2005)


	Web site
	Organization
	Topics

	GENERAL SAFETY

www.osha.gov
www.rmlibrary.com/db/lawosha.htm
www.med.virginia.edu
www.medcntr/centers/epinet
www.cap.org
www.lbl.gov/ehs/pub3000
www.nccls.org

	Occupational Safety and Health Administration, Dept of Labor (USA)

University of Virginia, International Health Care Worker Safety Center

Exposure Prevention Information Network (EpiNet)

College of American Pathologists

Berkeley Lab Health and Safety

National Committee for Clinical Laboratory Standards
	Regulations and technical information on workplace safety, safety training, links

Occupational safety laws of all 50 states

Surveillance data

Surveillance information

General and technical information;  lab management

Health and safety manual

General and technical information; links

	BIOSAFETY
www.cdc.gov
www.cdc.gov/ncidod
www.fda.gov/cber
www.absa.org
www.ace.osrt.edu
www.maaf.gov.uk
www.cjd.ed.ac.uk

	Centers for Disease Control and Prevention (USA)

National Center for Infectious Diseases

Food and Drug Administration, Center for Biologics Evaluation and Research

American Biological Safety Association

National Antimicrobial Information Network of Oregon State University and the EPA

Ministry of Agriculture, Fisheries and Food (UK)

IK Surveillance Unit for CJD
	Surveillance data;  prevention and technical information, links.  Proposed guidelines for working safely with M. tuberculosis

General and technical information;  teaching materials

Information of withdrawals, recalls, and safety issues concerning biologics

Technical information

Technical information on disinfectants, links

Surveillance data on BSE in Europe, Technical information

surveillance data on vCJD; Technical information, links

	CHEMICAL SAFETY

www.cdc.gov/niosh.database.html
www.response.restoration.noaa.gov
/chemaids/react.html

www.cdc.gov/niosh.chem-inx.html
http://www2.hazard.com/msds/index.php
http://www.mallbaker.com/Search.asp
https://www.nationaldiagnostics.com/
http://www.sciencelab.com/msdsList.php
http://www.hvchemical.com/msds-online.htm
http://www.chem.tamu.edu/redirect/off_site.

php?site=ehsd.tamu.edu/MSDS.aspx


	National Institute for Occupational Safety and Health (NIOSH)

Chemical Reactivity Worksheet

Master Index of Occupational Safety and Health (NIOSH)

Vermont Safety Information Resources, Inc

Mallinkrodt Baker Chemicals

National Diagnostics, Inc

Science Lab.com Lab Equipment and Chemicals

Hi-Valley Chemical, Inc

TX A&M Dept of Chemistry
	Databases and information

Chemical database of reactivity of substances or mixtures of substances

Guidelines for chemical hazards of specific chemicals

MSDS database

MSDS database

MSDS database of electrophoresis reagents

MSDS database

MSDS database

MSDS database



	RADIOLOGICAL SAFETY

ehssun.lbl.gov/ehsdiv/pub3000/CH12.html

www.jmu.edu/saretyplan/radiology/advisory
committee.shtml


	Berkeley Laboratory Health and Safety

James Madison University
	Radiation safety program

Radiation protection program

	ELECTRICAL SAFETY

ehssun.lbl.gov/ehsdiv/pub3000/CH08.html

www.princeton.edu/~ehs/labmanual.sec7-7.html

	Berkeley Laboratory Health and Safety

Princeton University
	Electrical safety program

Laboratory electrical safety program
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NFPA Health Category

	Rating
	Description

	4
	Materials which upon very limited exposure could cause death or major residual injury even though prompt medical treatment is given, including those which are too dangerous to be approached without specialized protective equipment. This degree should include:

    * Materials which can penetrate ordinary rubber protective clothing;

    * Materials which under normal conditions or under fire conditions give off gases which are 

      extremely hazardous (i.e., toxic or corrosive) through inhalation or through contact with or

       absorption through the skin.



	3
	Materials which upon short-term exposure could cause serious temporary or residual injury even though prompt medical treatment is given, including those requiring protection from all bodily contact. This degree should include:

    * Materials giving off highly toxic combustion products;

    * Materials corrosive to living tissue or toxic by skin absorption.

 

	2
	Materials which on intense or continued exposure could cause temporary incapacitation or possible residual injury unless prompt medical treatment is given, including those requiring use of respiratory protective equipment with independent air supply. This degree should

include:

    * Materials giving off toxic combustion products;

    * Materials giving off highly irritating combustion products;

    * Materials which either under normal conditions or under fire conditions give off toxic vapors          

       lacking warning properties.



	1
	Materials which on exposure would cause irritation but only minor residucal injury even if no treatment is given, including those which require use of an approved canister type gas mask. This degree should include:

    * Materials which under fire conditions would give off irritating combustion products

    * Materials which on the skin could cause irritation without destruction of tissue.



	0
	Materials which on exposure under fire conditions would offer no hazard beyond that of ordinary combustible material.




NFPA Flammability Category
	Rating
	Description

	4
	Materials which will rapidly or completely vaporize at atmospheric pressure and normal ambient temperature or which are readily dispersed in air, and which will burn readily. This degree should include:

    * Gases;

    * Cryogenic materials;

    * Any liquid or gaseous material which is a liquid while under pressure and have a flash point 

       below 73°F (22.8°C) and having a boiling point below 100°F(37.8°C). (Class IA flammable 

       liquids.)

    * Materials which on account of their physical form or environmental conditions can form 

       explosive mixtures with air and which are readily dispersed in air, such as dusts of   

       combustible solids and mists of flammable or combustible liquid droplets.



	3
	Liquids and solids that can be ignited under almost all ambient temperature conditions. Materials in this degree produce hazardous atmospheres with air under almost all ambient temperatures or, though unaffected by ambient temperatures, are readily ignited under almost all conditions. This degree should include:

    * Liquids having a flash point below 73°F (22.8°C) and having a boiling point at or above 

       100°F (37.8°C) and those liquids having a flash point at or above 73°F (22.8°C) and below 

       100°F (37.8°C). (Class IB and Class IC flammable liquids);

    * Solid materials in the form of coarse dusts which may burn rapidly but which are generally 

       do not form explosive atmospheres with air;

    * Solid materials in a fibrous or shredded form which may burn rapidly and create flash fire 

       hazards, such as cotton, sisal and hemp;

    * Materials which burn with extreme rapidity, usually by reason of self-contained oxygen 

       (e.g., dry nitrocellulose and /many organic peroxides/);

    * Materials which ignite spontaneously when exposed to air.



	2
	Materials that must be moderately heated or exposed to relatively high ambient temperatures before ignition can occur. Materials in this degree would not under normal conditions form hazardous atmospheres with air, but under high ambient temperatures or under moderate heating may release vapor in sufficient quantities to produce hazardous atmospheres

with air. This degree should include:

    * Liquids having a flash point above 100°F (37.8°C), but not exceeding 200°F (93.4°F);

    * Solids and semisolids which readily give off flammable vapors.



	1
	Materials that must be preheated before ignition can occur. Materials in this degree require considerable preheating, under all ambient temperature condition, before ignition and combustion can occur. This degree should include:

    * Materials which will burn in air when exposed to a temperature of 1500°F (815.5°C) for a 

       period of 5 minutes or less;

    * Liquids, solids, and semisolids having a flash point above 200°F (93.4°C);

    * This degree includes most ordinary combustible materials.



	0
	Materials that will not burn. This degree should include any material which will not burn in air when exposed to a temperature of 1500°F (815.5°C) for a period of 5 minutes.




NFPA Reactivity Category 

	Rating
	Description

	4
	Materials which in themselves are readily capable of detonation or of explosive decomposition or explosive reaction at normal temperatures and pressures. This degree should include materials which are sensitive to mechanical or localized thermal shock at normal temperatures and pressures.



	3
	Materials which in themselves are capable of detonation or of explosive reaction but which require a strong initiating source or which must be heated under confinement before initiation. This degree should include materials which are sensitive to thermal or mechanical shock at

elevated temperatures and pressures or which react explosively with water without requiring heat or confinement.



	2
	Materials which in themselves are normally unstable and readily undergo violent chemical change but do not detonate. This degree should include materials which can undergo chemical change with rapid release of energy at normal temperatures and pressures or which can undergo violent chemical change at elevated temperatures and pressures. It should also include those materials which may react violently with water or which may form potentially explosive mixtures with water.



	1
	Materials which in themselves are normally stable, but which can become unstable at elevated temperatures and pressures or which may react with wtaer with some release of energy but not violently.



	0
	Materials which in themselves are normally stable, even under fire exposure conditions, and which are not reactive with water.




NFPA Special Category

	Rating
	Description

	OX
	Denotes material that are oxidizing agents. These compounds give up oxygen easily, remove hydrogen from other compounds, or attract negative electrons.



	W
	Denotes materials that are water-reactive. These compounds undergo

rapid energy releases on contact with water.




Analysis & Review






A.  Lab Emergency Scenarios

You may find the ACC Environmental Health website useful for answering the following questions:  http://www.austincc.edu/ehs/Hazcom.php .  This site provides links to information about emergency procedures and chemical reactivities.  ANSWER THE FOLLOWING ON A SEPARATE SHEET OF PAPER.
1.  Below are some chemicals that are commonly used in the molecular laboratory.  Briefly describe  the protocol that you should perform in the following situations for each:   hydrochloric acid,  acetone, and sodium hypochlorite. 

A. The chemical spills on your hand

B. The chemical splashes into your eye

C. A 250 mL beaker of the chemical drops and breaks on the floor

2. What are the NFPA ratings for the above 3 chemicals, and what do these ratings signify?

3. What should you do if you accidentally cut yourself with a scalpel blade that you have used to slice a specimen tissue with?

B. Toxicity

Molecular biology laboratories must sometimes work with hazardous chemicals. Toxicity information can be found in MSDS reports, which are shipped with the chemicals sent out from vendors.  MSDS reports are also readily available online by searching for “MSDS” in a search engine such as www.google.com.  An MSDS list is also linked to the ACC Environmental Health website at http://www.austincc.edu/ehs/Hazcom.php .  A glossary of MSDS terms is available at www.ilpi.com/msds/ref/index.html.  

Below are 5 chemicals commonly used in molecular biology labs.  Using MSDS information, prepare a table of the following chemicals that lists

· NFPA ratings, 

· Health hazards and the target organs that the chemical affects, 

· a description of what precautions and personal protective equipment must be used when handling them.   

	Chemical
	Use

	Acrylamide
	Subunit for PAGE (polyacrylamide gel electrophoresis)

	Ethidium bromide
	Dye used to detect DNA

	Diethylpyrocarbonate (DEPC)
	Inhibitor of RNAses
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