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UNIT 2

Quality Systems In the Molecular Lab
Introduction and Background

All laboratories are in the business of making measurements and reporting results of such measurements.  The reliability of such measurements play an important role in the conclusions that can be safely drawn from them.  Quality cannot be automatically assumed, and must be demonstrated and monitored by the laboratory.  The need for validation of results has been recognized by government agencies such as the Food and Drug Administration (FDA) and the Environmental Protection Agency through the institution of Good Laboratory Practices, which govern regulatory compliant laboratories.  These regulations provide a quality system for good recording of data, plans, and procedures in the laboratory, helping them to insure against everything from sloppiness to dishonesty.  While adherence to such guidelines is clearly more critical in laboratories that have a big effect on public health and safety, all laboratories can benefit from basic quality guidelines.  Some benefits of adherence to a quality system include:

· more reliable data and reproducible results allows more steady progress in a research lab, since misleading results are avoided

· protection of one’s reputation—nothing is more damaging than the release of anomalous data and information

· protection of patent rights to intellectual property—a patent court will assume that if it wasn’t written down, signed and dated, it  wasn’t done at all

· protection from litigation

So, while attention to quality while operating in a laboratory requires additional time, effort and expense, it is a worthwhile investment and a good habit to keep.

Every aspect of lab operations has an impact on quality:

· the ordering of the proper reagents and equipment to adequately perform the needed measurement

· the correct maintenance and use of materials and equipment to perform experiments
· careful adherence to established protocols or standard operating procedures (SOPs)
· careful lab technique in performing protocols
· careful documentation of observations and raw data
· complete reporting of results 
The following discussion will present some important approaches for maintaining high quality of results in a laboratory.  

Reagent Quality

Chemicals exist in varying grades of purity:

· ultrapure, chemically pure (CP)  -  Ultrapure chemicals have been put through additional purification steps for use in specific procedures such as chromatography, atomic absorption, immunoassays, molecular diagnostics, standardization, or other techniques that require extremely pure chemicals.  These reagents may carry designations such as “HPLC” or “molecular” grade on their labels

· analytic reagent grade (AR)  -  The American Chemical Society (ACS) has established specifications for analytic reagent grade chemicals, and chemical manufacturers will either meet or exceed these requirements.  Labels on these reagents state the actual impurities and their levels.  

· United States Pharmacopoeia (USP) or National Formulary (NF)  -  USP and NF grade chemicals are used to manufacture drugs, and the limitations established for this group of chemicals are based only on the criterion of not being injurious to individuals.  Chemicals in these groups may be pure enough for use in most chemical procedures;  however, it should be recognized that their purity standards are not based on the needs of the laboratory

· Technical or commercial grade -  This is the lowest purity, to be used primarily in manufacturing and should never be used in an analytical or research lab.

Organic solvents also have varying grades of purity:

· reagent grade (ACS)  -  certified to contain impurities below certain levels established by the ACS

· chromatographic grade  -  minimum purity of 99% determined by gas chromatography

· spectroscopic  -  purity determined by spectroscopy (less sensitive and reliable means of testing)

· chemically pure -  approaches the purity level of analytical or reagent grade (AR)

· practical grade -  the lowest grade 

Although purity of reagents generally corresponds with cost, most molecular techniques are sensitive to trace amounts of contaminants, and the highest purity should be used.  

Water is the most frequently used reagent in the laboratory.  Purification of water includes distillation, ion exchange, reverse osmosis, or any combination of the above.  There can be carryover of organic materials in both distillation and ion exchange processes.  The quality of distilled water is highly dependent on how well the equipment is maintained.  Deionized water can vary greatly in quality depending on the type and efficiency of the deionizing cartridges used.  The deionizing resins can themselves increase the organic contaminant level in the water by leaching of resin contaminants, and should always be followed by a bed of activated carbon to eliminate the organics so introduced.  Ion exchange and carbon columns are notorious for harboring microbes and should be carefully monitored for contamination.  Reverse osmosis generally provides the highest quality of water, but does not remove dissolved gases.  Generally, reverse osmosis in combination with another purification step works well for a molecular lab.

Water can be further sanitized by ultrafiltration, ultraviolet light, or ozone treatment.   Sanitization helps to reduce the threat of nuclease contaminants, and is generally required for quality results in the molecular lab.  Ultrafiltration works well to remove microorganisms and any pyrogens or endotoxins.  Ultraviolet or ozone sterilization tends to leave behind residual products, and these techniques are most often used only on highly purified water.  Commercial systems that produce the highest quality of purified water usually apply a multiple-step cleanup process including reverse osmosis, mixed-bed ion exchangers, carbon beds, and filter disks.  In-line conductivity meters indicate when the cartridges have been exhausted and the system is failing.  Since water devoid of ions is a poor conductor of electricity, a high resistance is an indicator of a well-functioning water purification system.   

Laboratory Supplies

Several types of supplies are common to most of today’s laboratories and care should be taken in their selection to assure that they are well-suited.

1. Thermometers.  Some lab procedures, especially enzyme reactions, are sensitive to temperature.  In addition, many reagents used in the molecular lab must be stored at a proper temperature.  Liquid-in-glass thermometers, using a colored liquid, are replacing the more traditional mercury-in-glass devices.  They usually measure temperatures between –20 to 400oC.  Partial immersion thermometers must be immersed to the proper height as indicated by the continuous line etched on the thermometer stem.  Total immersion thermometers are used for refrigeration or incubator applications.  An electronic thermometer (thermistor) is often incorporated in instruments, refrigeration units, and incubators.  All thermometers must be calibrated before use, and for critical applications they should be calibrated against a NIST-certified or NIST-traceable thermometer. 

2. Glassware.  Glass used in the laboratory differs with respect to temperature and chemical stability.  In general, disposable glassware is made of flint (soda lime) glass, which has a relatively low melting point and is more susceptible to attack by strong acids and bases.  While borosilicate glass (Pyrex or Kimax) suffices for most laboratory applications, aluminosilicate glass (Corex or Vycor) should be used to store strong acids and bases. Chemical instability, in which glass is etched by solutions, results in contamination of the solution, and should be avoided.  Glassware that is to be washed should be rinsed immediately, and washed glassware should be rinsed several times with distilled or deionized water to insure that the soaps and tapwater salts have been thoroughly removed.  Many molecular techniques are extremely sensitive towards detergents and salts, so caution must be exercised with non-disposable glassware.  NOTE:  Amber glass is not recommended for storage of molecular biology solutions that are light sensitive.  Small amounts of metals in the glass can catalyze unwanted oxidation in aqueous solutions, leading to the possible degradation of key components in complex solutions.

3. Plasticware.   The unique high resistance to corrosion and breakage has made plasticware a popular choice in the laboratory.  Its low expense makes it a preferred choice for disposable materials.  Four types of resins are most often used in the laboratory:  polystyrene, polyethylene, polycarbonate, and polypropylene.   Of these, polypropylene withstands autoclaving and high temperatures the best, while the strength of polycarbonate is preferred in high-speed centrifugations.  Polystyrene has the advantage of being transparent, but is chemically and thermally instable.  Polyethylene is the most flexible and has good chemical stability towards inorganic chemicals.  None of these plastics are resistant to nonpolar organic solvents;  for this Teflon plastics are generally the preferred plastic and glass is a more reliable storage material to be used.  See the appendix for a more thorough description of the chemical and physical properties of plastics.

4. Pipets.  The most common operation in a molecular lab is the measurement and transfer of specific volumes, so this central activity must be impeccable.  All types of devices that measure volume are calibrated to different degrees of accuracy;  it is important to know what accuracy your device has been certified at before using it for a critical measurement.  Generally, volumes less than 20 mLs are best measured by pipets.  The table below lists the classification of different types of pipets.

	Category of pipet
	Type of pipet
	Description

	By design
	To contain (TC)
	Holds or contains a particular volume, but does not dispense that exact volume

	
	To deliver (TD)
	Will deliver the volume indicated



	Drainage characteristics
	Blowout
	The last drop of liquid should be expelled into the receiving vessel

	
	Self-draining
	Contents of the pipet drains by gravity only; the pipet tip should not be in contact with the accumulating fluid being delivered



	Type by purpose
	Serologic
	Has calibration marks to the tip and is generally a blowout pipet

	
	Mohr
	Has calibration marks that do not go all the way to the tip and specific volumes must be measured by the difference between two calibration marks



	
	Volumetric
	Does not have graduation marks to the tip and is a self-draining pipet; measures one volume only with a high degree of accuracy



	
	Transfer
	May or may not have calibration marks; not intended for accurate volumetric measurements



	
	Disposable
	All types of pipets described can be purchased in a disposable glass or plastic form;  generally not as accurate in volumetric measurements



	
	Micropipets
	Mechanical pumps calibrated to deliver highly accurate volumes generally less than 1.0 mL, and as little as 0.1 microliters.  They can be fixed or adjustable volumes;  always use dispensible plastic tips to actually transfer the liquids.   Multichannel micropipets can deliver the same volume from as many as 12 tips simultaneously.  All automatic micropipets need regular maintenance, recalibration, and validation.




Since pipets come in different forms and widely different degrees of accuracy in volumetric measurement, it is important that you be aware of the type of pipet that you are using.  This is especially important for the blow-out versus self-draining types of pipets.  All blow-out pipets are identified by either  (a)  an opaque band on-quarter of an inch wide or   (b)   two bands one-quarter inch apart at the top end of the pipet.  There are pros and cons to both kinds of pipets.  All self -draining pipets are calibrated with water, so if your liquid has a different surface tension or viscosity from water, your measurements will not be accurate.  On the other hand, not everyone will exert an equal amount of blow-out force, so measurements with a blow-out pipet are often not as reliable.  Since most solution of critical volumes measured in the molecular lab are aqueous, the self-draining pipets work best.

Pipets can be purchased with cotton plugs which allow gases past and filters out any aerosols that might be formed during the pipetting procedure.  Since cross contamination is a major concern, cotton plugged pipets are preferred in the molecular lab, even if that means that you are using a disposable pipet of low volumetric accuracy.

Washing of pipets for reuse requires precautions to assure adequate cleaning and rinsing of possible contaminants.  Pipets should be rinsed and cleaned immediately after use or soaked in a bleach solution until cleaned by batch.  The key to adequate cleaning is number rinses, especially following any use of detergents.  A final rinse with deionized or distilled water is critical to insure that no tap water salts remain in the pipets. 

Micropipets must be validated at least once a year by measuring the weight of measured volumes of a liquid of known density (such as water).  The standard deviation of a series of replicates and the percent coefficient of variation [%CV = (standard deviation / mean) X 100] is measured, and micropipets are recalibrated whenever the error exceeds the limits specified by the vendor or the laboratory management.

5. Balances.  Electronic balances use an electromagnetic force to counterbalance the weighed sample’s mass.  Analytical balances are more accurate and must be used to weigh analytic standards and very small masses.  Balances must be calibrated with standard weights that span the range of the instrument.  The frequency of calibration is a function of the manufacturer’s specifications and the requirements of the lab management.  Balances must be kept scrupulously clean and must be located away from traffic and air currents in the lab.  Placement on a slab of marble helps to insure that vibration interference is minimized.

6. pH meters.  Careful control of pH by buffer solutions is critical to the success of molecular biology experiments.  All pH measurements should be preceded by calibration to certified standard buffers, as these instruments quickly lose their calibration.  The first calibration buffer should be at or near pH of 7.0, and the second calibration buffer should bracket the pH that you need to measure.  Unfortunately, tris(hydroxymethyl) amino methane (“Tris”) buffers and many other biological samples are known to damage AgCl electrodes by causing precipitates with silver ions, so calomel electrode is a better electrode for the molecular lab.  The mercury in a calomel electrode makes their use a drawback, and some manufacturers now offer a nonmetallic, redox couple reference system which is not hazardous to the biological samples or lab personnel.  It contains no ions to cause precipitates with proteins as well.  New electrodes are also available with isolated Ag wire references and AgCl inner billing solutions that do not come in contact with the sample.  These electrodes use a polymer gel to keep the sample and the silver separated.  Electrode manufacturers are the best source of information on tris-insensitive electrodes.  Electrodes need to be conditioned prior to use for reliable operation.  Electrodes must be stored between use in a storage solution specified by the manufacturer.   

Standard Operating Procedures (SOPs)

Many of the quality issues in laboratories can be addressed by formally written standard operating procedures (SOPs) of routinely-performed lab procedures.  SOPs can be written to describe such things as:

· procedures for reagent receipt, storage, and preparation

· equipment operation

· equipment maintenance and repair
· methods for taking and recording data
These SOPs should have sufficient detail to promote consistency in performing the procedures, something that is especially important and challenging in the larger labs.  Having SOPs and insisting that they are followed provides a lab director with a measure of control over potential variables in experiments.  If SOPs are strictly followed and documented in lab notebooks, anomalous results or data that fall outside of an acceptable range can be more easily evaluated.  Careful documentation of SOPs used during an experiment allows for the reconstruction and evaluation of the experiment.   Any changes to an SOP must be formally agreed upon by all involved.  All expired SOPs must be removed from the lab operations, but archived for any future reference for historical data.  

While different laboratories develop their own SOPs, many protocols and assay procedures in the regulated lab setting, such as the clinical or diagnostic lab, are determined by regulatory agencies.  The FDA and EPA have quality systems and procedures outlined in their Good Laboratory Practices (GLP) guidelines.  Many assay procedures are specified by the FDA and EPA as acceptable.  Often, assays adopted by the FDA come from by the United States Pharmacopoeia (USP).  The FDA, USP, or EPA approved methods often set the standard for unregulated laboratories striving to establish the quality of their work.

Documentation of Data

There are at least four characteristics of quality in lab measurements and data:

· completeness – the information is totally there, self-explanatory, and whole

· consistency – there is reasonable agreement between different replicates within an experiment, replication of results of the same experiment from day to day and between different laboratories using the same information

· accuracy – the agreement between what is observed and what is recorded

· reconstructability – the recorded data and results should be able to guide any person through the all relevant events of the study

Raw data must be recorded properly to preserve and adequately archive them.  The FDA defines raw data and its proper recording in its GLPs:

All data generated during the conduct of a study, except those that are generated by automated data collection systems, shall be recorded directly, promptly, and legibly in ink.  All data entries shall be dated on the date of entry and signed or initialed by the person entering the data.  Raw data includes the worksheets, calibration information, records and notes of original observations, and activities of a study that are necessary for the reconstruction and evaluation of the study.  May include photographic materials, computer printouts, automated and hand recorded datasheets.

Those who carelessly or sloppily record their data eventually suffer the consequences when data are lost or their records are unintelligible.  Such data are not acceptable to the patent office or a regulatory agency, and can even lead to a lawsuit if data appears to be incomplete or obscured.  Legibility is another absolute requirement of data records.  Data must be readable and understandable.  If questions arise later, the individual responsible may be sought out and asked to clarify an entry.  Most lab work is time dependent, so the time and date must be recorded on each page of recorded data, along with signatures of the individual responsible for collecting the data.

If data requires corrections or additions at a later date, the FDA and EPA GLPs address this:

Any changes to entries shall be made so as not to obscure the original entry, shall indicate the reason for such change, and shall be dated and signed at the time of the change.

A single line drawn through an entry requiring correction will allow the reconstruction of the mistake.  White out is never allowed.  

Most laboratories expect data collected or generated by instruments and computer programs to be treated in the same way as hand-generated data.  The GLPs state:

In automated data collection systems, the individual responsible for direct data input shall be identified at the time of the data input.  Any changes to automated data entries shall be made so as not to obscure the original entry, shall indicate the reason for the change, shall be dated and the responsible individual shall be identified.

The name of the individual collecting data, along with the date of data collection, should appear on any automated data collection.  A paper printout should be signed and dated by the operator and taped or glued into the lab notebook with the rest of the experimental information.  If the printout is too large for the page, it should be shrunk to fit the page.  No writing should be covered by the paper taped or glued into the notebook.  

The exact description of an experiment must precede the data that is collected and recorded in the lab notebook.  If an SOP is in place that describes the experiment in sufficient detail, it can be referenced.  Any information that is unique to the experiment or not specifically discussed in the SOP should be added.  It should include any deviation from established methods or SOPs.  Failed experiments must be reported even though the procedure was successfully repeated, and a description of what may have gone wrong should be included.   Information pertinent to reconstructing and evaluating an experiment includes careful documentation of reagents used.  A system must be in place to record and archive details about each solution that is prepared or purchased for use.  This is especially crucial in a molecular lab where such solutions are commonly complex and have a relatively short shelf life that is subject to the methods used for storage.  

Documentation Forms.  Computer-generated forms are often used to standardize data collection.  They offer advantages of an easy format to fill data into, and generally can insure that the data collection and descriptions are more complete.  For example, SOPs followed can be included in the forms, and header information can insure that the sample numbers, solutions used, etc are included.  This works well only if all blanks are filled out on the form, and any blanks that do not apply to the experiment at hand are justified and marked as such.  Some information that forms for experimental results should include are:

· the instrument used to collect the data

· the person operating the instrument

· the date and time of the operation

· all conditions of the experiment and settings of the instrument

· cross-reference to a protocol or SOP

· the units of measurement associated with the data

· all system-calculated or hand-calculated results

A quality system should be in place to monitor the pre-experimental operations of the laboratory.  Information must be recorded and archived to track materials and reagents as they are received, maintained, and used in the laboratory.  In addition, equipment calibrations and maintenance logs should be maintained in order to document their status.  Some forms that are valuable in such a quality system may include:

1. Reagents Received Forms:  includes vendors and lot numbers, when received, expirations dates, how it is stored and where.  NOTE:  That date that reagent bottles are opened should be added to this log, and the bottle label should be also marked with the date that the bottle is first opened.  If reagents are tested for potency or purity, that information is recorded here, and any observed loss of potency or purity is observed here once the reagent is put into use in the laboratory.  Historical information, such as any loss of refrigeration for heat-sensitive reagents is recorded on this form, as well.  

2. Solution Prep Forms:  should include details about the reagents used, calculations for amounts used, equipment used to make measurements, the individual who prepared the solution, the date that the solution was prepared, how and where the solution is stored, and a control number to identify the solution.  The solution label should reflect details on the data of preparation, the solution contents and concentrations, and the control number.  These forms are archived for easy access by lab personnel.  (See appendix for forms.)

3. Instrument Calibration Logs.  Any calibration measurement that is made on an instrument must be documented for recording any trends or defects.  Corrective measures made for an instrument that is found out of calibration should be included.

4. Instrument Maintenance Logs.  This records the proper care of instruments, insuring their correct operation and safety in the laboratory.

5. Culture Logs.   Many molecular labs maintain cryopreserved cultures.  A record of t he cultures must include the cell type, any recombinant ore genetic constructs of the cell line, the culturing history of the preserved specimen, the cell density and crypreservative of the specimen, and the location of the cells.

6. Freezer Logs.  Many solutions, cell cultures, and reagents of a molecular lab need to be preserved in an ultralow freezer (-70 to –80oC).  Any deviation from this low temperature can be harmful to the contents of these freezers, so it is important to not allow them to be opened for any long periods of time.  To prevent long-term rummaging through such freezers, logs are maintained for rapid location of its contents.

7. Inventory Logs.  It is especially useful to larger laboratories to keep a log of supplies and equipment to monitor  the inventory and to be able to locate equipment.  

8. Accession Forms
9. Results Forms
10. Report Forms.
In this lab exercise, we will address two important concerns of a molecular lab:

Part A.  The Design of a Molecular Lab

The physical layout of a molecular lab plays in important role in contamination problems.  In this exercise, students will design an ideal layout for a lab that routinely performs PCR amplifications.

Part B.  The Validation of Micropipettor Calibration

The correct use and calibration of micropipettors has an important impact on the precision and accuracy of results in a molecular lab, and will be tested in this exercise.

Lab 2-A

Design of a Molecular Diagnostic Lab

Introduction: 

An important strategy to avoid cross-contamination of amplicon target DNA in the operation of a molecular lab that routinely amplifies DNA lies in the original design of the lab itself.  Ideally, separation of different stages of amplification tests will be carried out in separate rooms.  It is especially important that any analytical work that requires the opening or transfer of amplicons to be separated from all other areas of a molecular diagnostic lab, and that strong measures are taken to avoid any carryover of amplicon DNA through the air, through supplies or materials, or on personnel.  A ventilation system that creates negative air flow through HEPA filtration or directly to the outside of the building will help to “quarantine” a PCR detection room.  Disposable personal protective equipment (PPE) such as lab coats should be used by lab personnel and should not leave a PCR detection room.  Any supplies, equipment, or materials should likewise not leave a PCR detection room without first being treated and/or contained.  Chemical and physical decontamination measures should also be used:  work areas can be treated with a 10% bleach solution followed by wipedown with deionized water, and ultraviolet lights to irradiate rooms overnight can also degrade amplicon DNA contamination.  

In reality, many if not most molecular labs do not have the space required to separate the different stages of amplification reactions, and rely instead on laminar flow hoods equipped with air filters and ultraviolet decontamination lights.  Nevertheless, in this situation it is still wise to maintain a traffic pattern of personnel and materials that prevents the carryover of amplicons from PCR reactions into PCR prep areas.

Scope of the Laboratory Exercise:

In this lab exercise, you will work with a lab partner to design your ideal of a molecular lab to prevent amplicon cross-contamination.  You will also outfit your lab with necessary materials and equipment required in each of the rooms that you design, based on a general description of the steps that might be involved in conducting a PCR experiment that follows.  Indicate in your lab lay-out drawing exactly where you would place these instruments and supplies to make them convenient for day-to-day operations and to avoid cross-contamination issues.  You may want to make a story about what your lab is named and what work it carries out.  And you are the Chief Scientist in charge!

Many of our biotech interns are, in fact, given responsibility for the design and commissioning of a new molecular lab, so you may in fact be called upon to do so yourself in the future.  This exercise will help you to prepare for that day!

	General Description of a PCR Experiment

Stage 1.  Specimen preparation.

Specimens are received and archived for analysis, including the tests to be run.   DNA is extracted from samples for PCR amplification.

Stage 2.  Master Mix preparation.

All the reagents common to all DNA samples to be amplified are prepared in the proper concentrations and volumes.

Stage 3.  Amplification.

Master Mix, primers, and DNA preps from clinical samples are combined in PCR tubes and placed in a thermal cycler.

Stage 4.  Post-amplification analysis.

For end-point analysis, amplicons are analyzed, usually by gel electrophoresis.




Lab 2-B

Validation of Micropipet Calibration

Introduction: 

All critical measurements of volume are done in the molecular lab with a set of micropipets.  A good maintenance and calibration schedule is the key to ensuring that your micropipet is working properly.  A few maintenance suggestions include:

· Always store micropipets in an upright position to prevent the nose cones or pistons from being bent.

· Keep the micropipet clean:  dust or smears of materials on a nose cone can prevent proper sealing of micropipet tips and a clogged nose cone will affect the volume that is aspirated.  Unscrew the nose cone to check for debris in the piston, O-ring, and seal.  Check the orifice at the tip of the nose cone to make sure that it is free of debris.  Follow manufacturers’ direction for cleaning of micropipet parts.  Validate measurements (test for accuracy) of a micropipet following a thorough cleaning procedure.

· Make sure that the nose cone is fitting securely on the micropipet and has not undergone any twisting.

· Watch for leaks and replace an O-ring to get a tight seal when necessary.  Validate measurements (test for accuracy) of a micropipet following an O-ring replacement.

The protocols and schedules for micropipet validations (tests for accuracy) of micropipets may be subject to guidelines provided the American Society for Testing Materials (ASTM), International Standardization Organization (ISO), FDA Good Manufacturing Practices (GMP), or FDA and EPA Good Laboratory Practices (GLP) standards.  Clinical laboratories may follow specific guidelines provided by their certifying agencies and regulations:  National Committee for Clinical Laboratory Standards (NCCLS), College of American Pathologists (CAP), Clinical Laboratory Improvement Amendments (CLIA), and Joint Commission on Accreditation of Healthcare Organizations (JCAHO).  A minimum of a quarterly evaluation is generally recommended.  

Most micropipet manufacturers advise users to check the calibration of their micropipets by simply weighing a measured amount of water repeatedly to calculate the mean, standard deviation, and percent coefficient of variation [%CV = (standard deviation / mean) X 100].  Some parameters that must be addressed in this approach include:

1. The water must be highly pure and at room temperature.

2. The balance must be a highly sensitive analytical balance that is properly calibrated.

3. The procedure must be in a timely manner to avoid evaporative loss of water, and careful technique must avoid leaving contaminating masses on the weigh container, such as fingerprints.

4. The number of replicates must be greater than 4.

5. The test volumes should be at the largest volume of the micropipet and at half the largest volume of the micropipet.

6. Your micropipetting technique must be impeccable.

After taking all the measurements and making all the needed calculations, the results should be compared to the manufacturer’s stated specifications.  If the micropipet does not meet the specifications, the calibration of the micropipet must be changed.  This can be accomplished in different ways depending on the brand and style of the micropipet.  In some, you adjust the piston stroke length, which changes the amount of movement that the piston has during an aspiration/dispensing step.  Others may require the volume display to match the volume that was actually dispensed.  Once the micropipet has been adjusted, it should be retested to ensure that the new calibration is correct.

	TECHNIQUES TIPS:  Micropipetting small volumes
As the volume being measured and transferred goes down, the care that must be taken to assure accuracy goes up exponentially!  It is very important that you develop a careful technique and good habits in order to get good results in a molecular lab.  The SOP for micropipetting gives some tips for good technique, and here are some more suggestions for especially small volumes:

1. You should submerge the micropipet tip only 2 mm or so into the solution to be measured.  The depth should be slightly greater when measuring larger volumes.  This shallow depth ensures that the pipet tip does not fill up through hydrostatic pressure in addition to the desired aspirated volume.  Maintain the same submersion depth during the aspiration of liquid.  DO NOT prewet your micropipet tip.

2. While aspirating liquids into the micropipet tip, the micropipet should be in a completely vertical position.  

3. All movements of the piston should be smooth and not abrupt.  Aspirating a sample too quickly can cause the sample to vortex, possibly overaspirating the sample.  When aspirating viscous liquids (i.e., serum, blood), leave the tip in the liquid for 1-2 seconds after aspiration before withdrawing it.  After you withdraw the tip, make sure that an air bubble does not appear in the tip.

4. Once there is liquid in the tip, NEVER lay pipettes on their sides!  It is very important that the pipettes themselves never have direct contact with liquids.

5. Before dispensing the liquid, check the pipet tip for any extra liquid adhered to the outside of the tip.  Do NOT remove extraneous liquid with a tissue, as this can contaminate the tip and remove some liquid from the inside of the tip by capillary action.  If the excess liquid cannot be removed by touching it off on the sides of the container, dispense the liquid back into the container, discard the tip, and try again—this time without submersing the tip in the liquid as much.

6. When dispensing the sample, hold the pipet at a slight angle, with the tip touching the side of the receiving vessel if possible.  Depress the control button slowly and smoothly to dispense the liquid from the tip.  

7. If a droplet remains inside the tip by capillary action, the volume dispensed is not correct.  To prevent this from happening, you should touch off the wall of the receiving vessel as you blow out the droplet with a final puff of air (depressing the thumb to the second stop of the micropipet). 

8. If transferring a small volume into another solution, it is helpful to deliver the sample in the micropipet tip directly into the solution and to rinse out the micropipet tip by pumping solution up and down several times.  The action of pipetting repeated up and down also helps to get a good mixing of small volumes together.  (Some scientists have reported to me that this should be done as many as 7 times to ensure complete rinsing and transfer of sample from a micropipet tip when the volumes are on the order of a microliter!  

9. NOTE:  genomic DNA (gDNA) solutions should be exempted from this rule—excessive shear forces will degrade its integrity.  Pipetting of gDNA should be done very slowly to avoid shearing the molecules into fragments.  Vortexing is also damaging to gDNA molecules, and should be avoided.  The best way to mix gDNA is by gentle inversion of the solution, or by pipetting up and down slowly with a wide-bore pipet tip.)

10. Eject the tip using the second control button.  It is preferable to eject tips into a beaker that is conveniently place at your workbench, for later disposal.  Tips that have contacted a biohazardous waste should be ejected directly into a biohazard waste receptacle.  

11. ALWAYS change tips before pipetting a different solution or after a tip has touched another solution in order to avoid cross-contamination!




Scope of the Laboratory Exercise:

In this lab exercise, you will select a set of micropipets that you will use for the rest of the semester and evaluate its calibration.

	Safety Precautions:  
· Wear gloves throughout this lab.

· Avoid touching your face and especially your mouth.

· Check for hazard ratings on each chemical. 



Materials:

Carefully read through the following protocol and make a list of specialized equipment that you foresee as necessary for performing the protocol   These are the things that you must line up in your work area in order to complete the work described, excluding some common lab equipment that is shared with the rest of the class such as pH meters, pH standards, and balances.

Make a similar list of chemicals and reagents that are required to complete the protocol for this day.  As described in your Introduction chapter, you must make a table for these chemicals and reagents and include the following information: 

1. the name of the chemical(s) in the reagent used or the solution prepared (include concentrations) 

2. a brief explanation of its purpose in the lab procedure 

3. any safety precautions that should be taken when handling the chemical(s) or solution

4. how the chemical(s) or solution should be stored properly 

(You may need to leave space for any information that is unavailable before the lab exercise, such as the lot number and/or expiration date of the materials.)
Protocol

A.  Gravimetric Procedure.  (based on an ASTM Method E 1154-89 “Standard Specification fo Piston or Plunger Operated Volumetric Apparatus”, taken from Seidman, L.S. & C.J. Moore.  Basic Laboratory Methods for Biotechnology.  Prentice Hall.  (1999))

Summary of Method:  The correct functioning of a micropipet is determined by checking the accuracy and precision of the volumes it delivers.  Weights of water samples delivered by the instrument is converted to a volume based on the density of water.  Calibrations should be check at two volumes:  one at the maximum setting and another at half the maximum setting—so this means two sets of measurements for each micropipet.  
1.  Select a carousel of micropipets that you will use for the rest of the semester and check to make sure that all the micropipets of the set share the same number.  If the micropipets have been scrambled, search through the remaining micropipets to make a matched set.

2.  The analytical balance used to check the micropipettor must be well-maintained and properly calibrated.  It must also be in a draft-free, vibration-free environment.  

3.  The water used should be purified and degassed.  Discard water after one use.

4.  Document all relevant information including date, micropipettor serial number, temperature and humidity when the check was performed, name of the person performing the evaluation, etc.

5.  If the water and micropipettor are not stored at the same temperature, allow at least 2 hours for temperature equilibration.  If the relative humidity of the room is less than 50%, place a small beaker of water inside the closed weighing chamber of the balance for at least 30 minutes to raise the relative humidity in the chamber.

6.  Set the micropipettor volume, and tare the balance to a vial.

7.  Use your best micropipetting technique (see Techniques Tips above) to measure and deliver a volume of water into the vial.  Immediately record the weight measurement.  Working quickly, repeat steps 6 & 7 ten times.  Avoid prolonging this process, as you want to avoid evaporative losses.

8.  Repeat the 10 measurements at the second volume setting for your micropipettor.

9.  For each volume setting, calculate the mean weight of the water for the 10 measurements.  Convert the mean water weight to the mean volume measured as follows:  the density of water is 0.9982 g/mL (its density at 20oC).  Divide the mean water weight by this density conversion factor.

10.  Determine the % accuracy or the “inaccuracy” (also called the percent error) of the micropipettor at each volume setting as follows:


% accuracy   =   mean volume observed   x   100%

                                             volume setting

               % error         =   mean volume observed – volume setting     x     100%

                                                      volume setting

11.  Determine the precision (repeatability) of the micropipetter at each volume setting by calculating the standard deviation (SD) or coefficient of variation (CV) as follows:

                           SD   =   [Σ (Xi – Xm)2 / n-1]1/2   where Xi is each volume measurement, 

                                                                                    Xm is the mean volume measurement, and

                                                                                    n is the number of measurements (10)

                           CV   =   SD x 100%
                                              Xm
12.  Check with the manufacturer’s specifications for the micropipettor to see if your measurements are within the expected range.  If out of calibration, according to the manufacturer’s specifications, follow the manufacturer’s operator manual to bring the micropipet back into calibration.  Recheck the new calibration to make sure that it now falls within the manufacturer’s specifications.

13.  Report your results in your notes and on the lab computer record, as described in the SOP.

B.  Colorimetric Procedure.  

Summary of Method:  When measuring volumes less that 10 uL, evaporative losses and imprecision in the analytical balance create proportionately large sources of error in gravimetric measurements.  An additioinal approach is to pipet a colored solution into a volume of water, followed by measuring the absorbance of the solution that you have created.  This procedure will be used to check the precison of a P10 and P20 micropipettor. 

1.  Turn on a spectrophotometer to allow it to warm up for at least 10 minutes before use.

2.  Place 20 test tubes in a rack and locate a 5 mL volumetric pipette.  Pipet 5 mL of diH2O into each test tube.

3.  Set the micropipettor volume top its maximum setting, and use your best micropipetting technique (see Techniques Tips above) to measure and deliver a volume of food coloring into each test tube of water.  

4.  Consult the Operating Manual to your spectrophotometer and blank the spectrophotometer against water in a cuvette.  (If you don’t know the wavelength to use for your food coloring, you will need to scan the absorbance spectrum to locate the wavelength that has the maximum absorbance.)

5.  Repeat the 10 measurements at the half maximal volume setting for your micropipettor.

6.  For each volume setting, calculate the mean absorbance of the water for the 10 measurements.  

7.  Note that in the absence of an external standard, it is not possible to determine the accuracy of your measurements.  Determine the precision (repeatability) of the micropipetter at each volume setting by calculating the standard deviation (SD) or coefficient of variation (CV) as follows:

                           SD   =   [Σ (Xi – Xm)2 / n-1]1/2   where Xi is each absorbance measurement, 

                                                                                    Xm is the mean absorbance measurement, and

                                                                                    n is the number of measurements (10)

                           CV   =   SD x 100%
                                              Xm
8.  Check with the manufacturer’s specifications for the micropipettor to see if your measurements are within the expected range.  If out of calibration, according to the manufacturer’s specifications, follow the manufacturer’s operator manual to bring the micropipet back into calibration.  Recheck the new calibration to make sure that it now falls within the manufacturer’s specifications.

9.  Report your results in your notes.

	


Lab 2-C

Preparation of Reagents
Introduction

The ability to make reagents is an essential skill for any biotechnicians.  The accuracy of calculation and of measurement is critical to the outcome of any experiment, whether it be one you do yourself or one in which you prep for someone else.  There are several critical aspects to making solutions that should be followed at all times.

· Check and recheck each calculation.  It is best if two people make a calculation independently and then cross check their answers.

· Read each reagent bottle twice, once before using and once afterwards.  This helps ensure that the right reagent is used.

· Complete a solution prep form for every solution you prepare.  This should include the formula, the supplier and catalog number if available, as well as the concentration, the expiration date of the chemical, when it was received, how it was stored upon receipt, and the amount weighed out for each reagent.  If the pH is adjusted or the solution is sterilized, information about these procedures should be documented.  Some solution prep forms will also have space to include the balance number, pH meter number and other pieces of important information.  The storage conditions for the solution that was prepared should also be recorded here. 

· Assign a Control Number for each solution prepared.  The solution prepared should be assigned a unique identifier in order to cross-reference the solution to the Solution Prep Form filled out while it was being made.  The control number will be archived in alphabetical order, so it is important to choose a relevant letter to begin the control number that you designate for your solution.  For example, if you are making a SDS solution, you may want to have your control number begin with “SDS”.  The rest of the control number should also be descriptive.  For example, you might want to identify the solution with your initials.  Since you may make up the same solution sometime later on, you might also add the date to the control number in order to give it a unique identify, starting with the year.  (see specific example below)   

· Label each solution bottle before filling.  Write down the name of the solution, its concentration, its pH if it is a buffer, your initials, the control # assigned to the solution, and the date.  Some industries have special blank labels to be used for each reagent.  Others use tape and a permanent marker.  There are labeling software programs and systems for labeling and making electronic records for solutions prepared in laboratories.  

· Record any changes observed in materials during solution preparations, no matter how trivial they might seem.  This includes the formation of gas bubbles and any change in color.  This record can be used to trace back a problem to its source quickly and easily or to confirm that a problem does not lie in the reagents or their preparation.
	TECHNIQUES TIP:  Using the pH Meter

Small errors in the pH adjustment of a buffer can have large effects on sensitive enzymes used in the molecular lab.  There are many things that you can do to improve the performance of a pH meter.

1. Never assume that a pH meter is in calibration.  Even when properly maintained and cared for, a pH meter undergoes considerable drift in a matter of hours after calibration.  Follow the appropriate SOP to determine whether your pH meter is in calibration and to bring it into calibration.  The standard buffers used to calibrate a meter should bracket the pH of the sample to be measured.  The first buffer should be pH 7.0.

2. Verify that the standard buffers that you are using have not expired.  This is especially important for pH 10 buffer, where CO2 dissolved from the air will cause the pH to go down over time.  

3. Avoid direct contact of solids or surfaces on the bulb of the pH electrode as it has a very fragile membrane.  The electrode should not be wiped dry because static discharge can build up on the electrode.  

4. Follow the manufacturer instructions for the proper care and use of an electrode.  Some electrodes, such as gel-filled electrodes, should be stored in pH storage solution, and might be ruined if stored dry.

5. The best indicators of the electrode condition are the slope of the calibration curve and response time required to obtain a stable pH reading.  As any electrode ages, the slope decreases from 100%.  The recommended operating range varies by manufacturer but is usually 92 – 100%.  The response time will become longer as the sample components coat the sensing glass bulb with continued usage.  This can often be remedied with cleaning and/or replacing the filling solution, following the manufacturer directions.




Review of solution concentration calculations:

A. Making Molar Solutions
In this unit we will be making solutions that will be used for the rest of the semester.  In this and in most molecular biology labs, you will use water that has been purified by reverse osmosis/deionizing cartridges/carbon filter/ultrafiltration to make all solutions.  Never use tap water unless specifically indicated

The formula for making molar solutions from dry chemicals is:

	g needed 
= 
formula weight   x   molarity       x     volume


g needed 
= 
g/mole 
       x  mole / liter 
x 
liter



where the formula weight, also called the molecular weight is given as gram/mole.  The formula weight is usually listed as F.W. on the reagent bottle.  The molarity is the number of moles/liter and is abbreviated as M.  The volume of the solution is listed in liters.  Make sure that you are always using compatible units of measurement—don’t switch from liters to milliliters, for example, without making to proper conversions.
	Example 1:  Make 1 liter of 0.5 M solution of NaCl (F.W. = 58)

a) To get the grams of NaCl needed, first convert each of the values to the standard.  That is, 58 becomes 58 g/mole, 0.5 M becomes 0.5 mole/L and 1 liter stays at 1L.  By doing this step first, you will be able to cancel factors and make sure that your answer is correct.  

b) Then, plug the values into the equation and solve:


g needed = 58 g/mole x 0.5 mole/L x 1 L


The moles and the liters cancel out, leaving the g needed = 29 g

c) You would weigh out 29 g NaCl and place it in a beaker with something less than 1 liter of purified water.  

d) When the NaCl is dissolved, you do a quantitative transfer of the solution into a 1 liter graduated cylinder, making sure that all the solution transfers by washing the beaker out a few times with a wash bottle of purified water.  Then bring it to volume (BTV) of 1 liter with purified water.  By dissolving the reagent in less than the final volume and THEN BTV, you make sure that you do not overshoot the volume and make a solution that is too dilute.  




	Example 2:  Make 100 mL 25 mM Tris (FW 121.1), pH 7.5
a) As in example 1, first convert each of the values to the standard.  Therefore the formula weight becomes 121.1 g/mole, 25 mM becomes 0.025 mole/liter (to go from mM to M divide by 1000) and 100 mL becomes 0.1 L.  

b) Plug these values into the formula:

g needed = 121.1 g/mole x 0.025 mole/L x 0.1 L

The moles and the liters cancel out (but only if you have made the conversions beforehand) and 


g needed = 0.30275 g  

This needs to be rounded off to 0.30 g since balances will not measure more precisely than this.

c) You would weigh out 0.30 g Tris and place it in about 80 mL distilled or deionized water in a beaker along with a magnetic stir bar.  

d) Then adjust the pH to 7.5 with acid, usually HCl.  Monitor the pH on a pH meter, making sure that the pH probe is submerged but not getting tapped by the moving stir bar.  

e) Quantitatively transfer your buffer to a 100 mL graduated cylinder, washing the buffer across several times with a wash bottle of purified water.  Lastly, BTV  at 100 mL with purified water.  Note that pH is adjusted before BTV, and then quickly checked afterwards to confirm it has not changed with the addition of the slight amount of water.




B. Making Percent Solutions

The sales tax in this state is 8.25%.  That means that we pay $8.25 for every $100 worth of merchandize.  Percent solutions work the same way, except that instead of dollars, grams and mL are used instead.  Thus, a 5% solution means 5 g solid dissolved in 100 mL water or 5 mL liquid dissolved to 100 mL water.

	Example 3:  Make 100 mL 2% (w/v) tryptone.  
In this simple solution, you would place 2 g tryptone into about 80 mL water in a beaker.  Use a magnetic stir bar and stir plate to dissolve the tryptone completely.  Once the tryptone is dissolved, quantitatively transfer it to a graduated cylinder and BTV at 100 mL.  



Note that moles and molarity are never needed in making percent solutions.
Sometimes the percent solution will be designated as (w/v) or (v/v) as in the protocol below.  (W/v) means weight to volume so in a 2% (w/v) you would weigh out 2 g reagent per 100 mL water.  The term (v/v) refers to a liquid reagent.  For a 100 mL of 5% (v/v) glycerol you would measure out 5 mL glycerol to be added to 95 mL water.  Note that you need to subtract the volume of the glycerol from the water in order to get the correct final volume.
	Example 4: Make 500 mL of 50% (v/v) glycerol.  

For 100 mL 50% (v/v) glycerol you would combine 50 mL glycerol and 50 mL water.  Since you need five times that amount you would combine 250 mL glycerol with 250 mL water.




C. Combined Molarity and Percent Solutions

Several of the solutions used in the molecular lab are a complex combination of solutes.  Often, some of the reagents are given as molar solutions and some given as percents.  This is sometimes done when making media for bacteria and other cells.  Treat each ingredient individually, added them to the water and allowing them to dissolve before transferring to a graduated cylinder and bringing to volume.

Review of Dilutions from Stocks:

A.  From a concentrated stock

We frequently make up a stock solution that is more concentrated than the working solution.  That way we can keep the stock on our bench and dilute it easily and quickly when necessary.  The formula for diluting from a stock solution is:

	For a parallel dilution:                 C1V1 = C2V2

Where C1 is the concentration of the stock solution, 

V1 is the volume needed (this is usually the unknown), 

C2 is the final concentration of the solution and 

V2 is the final volume.



	Example 5: Make 10 mL of 20 mM solution from a stock of 100 mM.

The most difficult part of these problems is deciding what value is what.  One way to solve this is to write over each value C1, V2, etc.  Thus, the problem would look like this:  

                   V2       
C2                                  C1

                                           |                                     |                                                                                  |
Make 
10 mL 
of a
20 mM solution from a stock of 100 mM 

Plug these values into the formula and solve for V1.



100 mM    x    ? mL 

= 
20 mM    x    10 mL




          ? mL  
             =           20 mM   x   10 mL




                                             100 mM




                          
=           2 mL

Therefore you would take 2 mL of the stock solution and add to 8 mL (10 mL – 2 mL) water to get the desired final concentration. 




Note that although molarity is used, you do not need to know the formula weight of the reagent in the solution.  Furthermore, you do not need to covert to liters and moles/liter as you had to do when dealing with molar solutions.  The only caveat is to make sure that the units on each side of the equation are the same.  In this case we have mM and mL on both sides of the equation and so are all set.  However, it you had mM and M, then you would have to convert one to the other.

B.  Dilution from a “times” stock
Sometimes stock solutions are given as a “times” stock such as 10X.  (A 10X stock is usually read as “ten X”.)  This means that the stock is ten times as concentration as the final solution.  In order to dilute a “times” stock, follow the same dilution formula as above.

	Example 6:  Make 50 mL working solution from a 10X stock solution.
In this case, we can do the same as we did above:


V2                        C2          C1

              |                                           |                    |  

Make 
50 mL working solution (1X) from a 10X stock.

The implication is that the working solution, C2, is 1X.  Therefore when we plug in the values


10X    x    ? mL    =    1X    x    50 mL

Solving as above gives us 5 mL of the 10X stock solution added to 45 mL (50 mL – 5 mL) water to make the 1X working solution.  



Scope of the Laboratory Exercise:

In this lab exercise, you will prepare stock solutions that you will use in other lab exercises throughout the semester.

	Safety Precautions:  
· Wear gloves throughout this lab.

· Avoid touching your face and especially your mouth.

· Check for hazard ratings on each chemical. 



Materials:

Carefully read through the following protocol and make a list of specialized equipment that you foresee as necessary for performing the protocol   These are the things that you must line up in your work area in order to complete the work described, excluding some common lab equipment that is shared with the rest of the class such as pH meters, pH standards, and balances.

Make a similar list of chemicals and reagents that are required to complete the protocol for this day.  As described in your Introduction chapter, you must make a table for these chemicals and reagents and include the following information: 

1. the name of the chemical(s) in the reagent used or the solution prepared (include concentrations) 

2. a control number or lot number & vendor for the solution or reagent 

3. a brief explanation of its purpose in the lab procedure 

4. any safety precautions that should be taken when handling the chemical(s) or solution

5. how the chemical(s) or solution should be stored properly 

(You may need to leave space for any information that is unavailable before the lab exercise, such as the lot number and/or expiration date of the materials.)
Protocol

Be sure to fill out solution prep forms for each of the solutions that you prepare.  Assign to each form a Control Number, using a numbering system that reflects each reagent identity uniquely.  Identification numbers should identify what the item is and which solution prep that it is. The system ensures that no two raw materials will have the same number.  

For example: TE–PP-050906 would correspond to an item prepared on September 6, 2005

05 

is the year 

09 

is the month

06 

is the day of the month

TE
Letters refer to a specific item, usually an abbreviation of the solution name, such as “Tris/EDTA buffer” in this case. The letters should be as informative as possible, and may include the initials of the person who prepared the reagent. 

PP
These are the initials of the person responsible for preparing this solution.

Label all reagent containers made with the following information:

a. Solution Name

b. Who prepared the solution

c. Date Prepared

d. Control # from the Solution Prep Form

e. Concentration, and pH if it is buffered

0.5 M EDTA pH 8.0 (10 mL)

NOTE:  EDTA is not very soluble in water until titrated to an alkaline pH with a large amount of NaOH.  Be sure to allow for this by starting out your titration with a minimal volume of water.  The pH of the solution will drop following each addition of NaOH as more EDTA dissolves into the solution, so be patient between each addition to allow it to equilibrate. 

1. Calculate the amount of ethylenediaminetetraacetic acid, disodium salt (EDTA), sodium salt, required to make 10 mL of a 0.50 M solution. 

2. Weigh out the EDTA and dissolve in approximately  5 mL deionized water into a 25 or 50 mL beaker.

3. Standardize a pH meter and adjust the EDTA slowly by adding 6 M NaOH one drop at a time and stirring on a magnetic stirrer until you have adjusted the pH to 8.0.  Make sure that the pH probe is submerged but that the moving stir bar is not tapping the pH probe.  (The EDTA is not highly soluble, but will readily dissolve at this pH.)

4. Transfer to a graduated cylinder and wash residual solution from beaker with small amount of deionized water.  BTV (Bring to Volume) with deionized water to 10 mL.

5. Parafilm, mix, and transfer to a labeled 15 mL plastic conical centrifuge tube.  

6. Store at room temperature.

1.0 M Tris-Cl pH 8.0 (20 mL)

1.   Calculate the amount of tris(hydroxymethyl)amino methane (Tris or Trizma base) required to make 20 mL of 

a  1.0 M solution. 

2. Weigh out the tris and dissolve in approximately  10 mL deionized water into a 50 mL beaker.

3. Standardize a pH meter and adjust the solution pH slowly by adding 6 M HCl one drop at a time and stirring on a magnetic stirrer until you have adjusted the pH to 8.5.  Make sure that the pH probe is submerged but that the moving stir bar is not tapping the pH probe.  

4. Further adjust the pH to 8.0 with a HCl solution of lower concentration.  Be careful not to overshoot the endpoint pH.  If you overshoot, throw the solution away and start again.

5. Transfer to a graduated cylinder and wash residual solution from beaker with small amount of deionized water.  BTV (Bring to Volume) with deionized water to 10 mL.

6. Parafilm, mix, and transfer to a labeled 50 mL plastic conical centrifuge tube.  

7. Store at room temperature.

1.0 M Tris-Cl pH 7.5 (10 mL)

Repeat the procedure 1-7 (above) with Tris to make a 10 mL 1.0 M stock solution at pH 7.5.  You will need to adjust the pH with 6 and 1M HCl.  (Begin with the higher concentration of acid and switch to the lower concentration as you approach the final pH.  Don’t overshoot the pH!)  Store at room temperature.

10% SDS (10 mL)

1. Calculate the amount of SDS required to make a 10 mL solution of 10% (w/v).  

2. Weigh the SDS and dissolve in approximately 8 mL of water in a beaker.

3. Quantitatively transfer to a graduated cylinder and BTV with deionized water to 10 mL.

4. Parafilm, mix, and transfer to a labeled 15 mL conical centrifuge tube.

5. Store at room temperature – the SDS will come out of solution at lowered temperatures.
Sterile LB broth (80 mL)

1. Measure 0.8 g tryptone, 0.4 g yeast extract, and 0.8 g NaCl and add to approximately 50 mL purified water. 

2. Stir to dissolve and quantitatively transfer to a 100 mL graduated cylinder.  BTV.

3. Mix and pour into a 125 mL autoclavable bottle.  Leave the cap partially screwed down but not tight.  Cover the cap with aluminum foil.

4. Label and add autoclave tape.  

5. Autoclave 20 minutes at 121oC, slow exhaust, following the SOP for the use of the autoclave.

6. Cool and store at room temperature.  Store refrigerated or use immediately after adding antibiotics.
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SOLUTION PREP FORM




Control # 




Name of Solution/Media: 











Amount prepared: 





Preparation Date: 




Preparer(s):












	Component
	Brand/lot #

(Vendor)
	Date

Received


	Storage conditions
	FW or initial concentration
	Amount used
	Final

Concen-tration

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	Balance used


	Calibration status

	pH meter used


	Calibration status



	Initial pH


	Final pH
	Adjusted pH with



	Prep temperature


	Sterilization procedure/ sterility testing


	Media storage conditions & location


Calculations/Comments:

Analysis and Questions for Unit 2:

Consult the lab manual Introduction (Unit 1) for a list of topics that your lab report discussion should include.  

Answers to the following questions should be added to the end of your lab report:

1.   Given the extreme sensitivity of many enzymes used in the molecular lab, what would you recommend to meet the necessary quality for your own molecular lab in the following reagents?

a.  dry chemicals

b.  organic solvents

c.  water

2.   What would you do to make sure that a light-sensitive reagent is stored properly?  Assume that it requires storage in glass.

3.   What types of reagents would you NOT recommend for storage in glass?

4.   How would you determine the reliability of measurement of the graduated cylinders in your lab?

5.   Why is it an advantage to cotton-plug your pipets in a molecular lab?

6.   What are some advantages that you can think of for the use of forms for recording data in a molecular lab?

7.   What are some drawbacks that you can think of for the use of standardized forms for data records?

8.   Where are the documentation forms stored for use in the molecular lab that you are using this semester?

9.   Report your micropipet validation results. 

a. Did they fall within the manufacturer specifications for accuracy?  

b. Did your lab partner’s results agree with yours?

c. How did the standard deviation of results compare with others in the class?

10.  Turn in a copy of your Solution Prep Form.

11.  Frequently buffer solutions used in the molecular lab are complex, containing multiple solutes.  Following is a typical “Master Mix” for a polymerase chain reaction (PCR).  Using the stock solutions provided below whenever possible, describe how you would make 100 uL of 5X Master Mix.  Include in your description all the calculations, as well as the volume of water added to your final 5X solution.

5X Master Mix for PCR

concentration

0.5 mM of each dNTP

7.5 mM MgCl2
5X PCR buffer

5 uM forward primer

5 uM reverse primer

	Stock solutions
	Calculations
	Volume added (uL)

	20 mM ATP


	
	

	20 mM GTP


	
	

	20 mM CTP


	
	

	20 mM TTP


	
	

	25 mM MgCl2

	
	

	10X PCR buffer


	
	

	10 mM forward primer


	
	

	10 mM reverse primer


	
	

	Purified water


	
	

	
	                                                                                                            (total volume)
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