Basic Laboratory Procedures Involved in Media Making:

The majority of laboratory operations utilized in the in vitro propagation of plants can be easily learned.  One needs to concentrate mainly on accuracy, cleanliness, and strict adherence to details when performing in vitro techniques.

I. Medium Stock Solutions

In the old days (when I was in graduate school), mineral salt mixtures were prepared as stock solutions ranging from 10 to 100 times the final concentrations used in the medium. Stock solutions can be prepared as two solutions, one containing all of the macronutrients and one containing all of the micronutrients. These solutions must be kept fairly dilute (10-20X) in order to avoid precipitation of calcium and magnesium phosphates and sulfates. 

A more common method is to arrange mineral salt stock solutions according to the ions they contain. A series of solutions containing the inorganic components of the medium is prepared; precise combinations may vary from lab to lab. Using this method, salt stocks can be prepared in 100X concentrations. Iron-EDTA chelate is prepared from iron sulfate and Na-EDTA by mixing the proper amounts of the two compounds with water and then autoclaving. This stock must then be stored in a dark container. The prepared stock solutions are usually stored in the refrigerator.

Although the initial cost of chemicals may be substantial, overall the ongoing cost of using stock solutions is probably less than that of using prepared mixes (unless you factor in labor). However, the stocks must be prepared over and over when they are used up, and each time this is done potential error is introduced. It is best if one person consistently prepares the stocks. Most people no longer make up stock solutions of the inorganic medium components. Stocks solutions may be useful if many different media are made in the lab or frequent changes in concentrations are made in individual components.

II. Prepared Mixes

Several companies sell prepared salt and vitamin mixtures as powders. These are easily handled

by adding the proper amount of powder to water. The mixtures can be purchased as complete media or as salts alone. The packs often contain the necessary ingredients for one liter of medium. The contents are extremely hyroscopic once a pack is opened, so it is best to use the contents all at once.

A small amount of precipitate may be seen in media prepared using either of these methods. This results from iron being displaced from the chelate over time as media is stored. It doesn’t appear to be deleterious.

III. Organic Addenda

Most organic addenda are added in relatively low concentrations, too low to be weighed out accurately. Therefore, stock solutions ranging from 100 to 1000X final concentrations are prepared. Vitamins may be prepared as stocks or purchased premade. Vitamin solutions can be divided into aliquots and stored in the freezer at -20( C. Most growth regulators are stable for up to a month in stock solutions. The solvents used for dissolving growth regulators vary depending on the compound under consideration. 

IV.  Making Stock Solutions

There are three ways to describe amounts of chemicals in a stock: parts per million (rarely used), as grams per liter, or as molar units (journals usually require concentrations to be expressed this way). 

UNITS USED IN SOLUTIONS

1. mg/l = milligrams of substance in one liter (1000 ml) of solution.

2. ppm = part per million

1 unit of substance in one million units of solution
1 mg/l = 1 ppm 

3. mole = gram molecular weight

The formula weight of the substance in grams. 

FW (formula weight = sum of weights of atoms in the formula) 

e.g. H2O 1 x 2 + 16 = 18 1 mole H2O = 18 grams 

e.g. sucrose C12H22O11 FW = 342.31 mole = 342.3 grams 

 For preparing molar solutions, it is necessary to know molecular weight. To calculate how much of a chemical to weigh out to make a stock solution:

(FW/desired molar concentration) x the number of liters desired = amount to be dissolved
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When working in molar units it is often convenient to prepare a stock as, for example, 10 ml of a 10 µM solution. This is easily remembered as 0.1 X the formula (molecular) weight (in mg) per 10 ml solvent. So, for example, to prepare 10 ml of a 10µM solution of IAA, you would weigh 17.5 mg of IAA and add it to 10 ml of solvent.

 

Calculating dilutions of stock solutions:

M1= Molarity of stock solution

M2 = Molarity of final solution desired

V1 = volume of stock solution needed

V2 = volume of final solution desired

 

Usually we know all but V1

 

Use the simple formula:  M1*V1=M2*V2

Can be rearranged to be V1=(M2*V2)/M1

 

For example, you have a 1M stock of NaCl, and want to make a 10mM solution, in other words a 0.01 M solution, and you need 100 mls of it.

 

So using the formula:

 

V1=(0.01 M*100mL)/1M = 1 ml, i.e. you need 1 ml of the stock, mixed with 99 ml H20 to have 100 mls of solution.

When working in mg/l a convenient stock concentration is 1 mg/ml. The stock concentrations can be prepared so that one only needs to add small volumes to media. Therefore, something like alcohol can be used as a solvent in a stock the stock is added in such a low concentration that the solvent is not toxic.

To prepare a stock solution, weigh out the required amount of the compound and place it in a clean flask. Once the chemical is in the flask, dissolve it in a small amount of the proper solvent, usually water, ethyl alcohol, 1 N NaOH, or 1 N HCL. Next, slowly add double-distilled water to the flask, while agitating. Continue this until the proper volume is reached. Label the flask with the name of the solution, preparation and expiration dates, and the name of the person who prepared the solution.
V. Weighing

The preparation of media usually requires careful weighing of at least some components.  Even if a commercially prepared medium is used, care must be taken in preparing it and any stock solutions that are required. Sucrose, myo-inositol, and the gelling agent used almost always must be weighed.

Different types of balances will be available in different laboratories, details of their operation will vary. However, unless very limited types of medium and other reagents are going to be made, it is necessary to have access to a balance that can weigh in the milligram range accurately.

The balance should be located on a hard, stable, level surface that is free of vibrations and excessive air drafts. A piece of weigh paper or a plastic weigh boat, depending on the amount to be weighed, is placed on the balance pan and the balance is tarred (zeroed). Then the required amount is carefully weighed using an appropriate instrument. Excess material that has to be removed from the balance should be discarded rather than returned to the chemical container. The balance and weighing area around it must be kept clean. This involves cleaning the balance after each use. Often a brush is used for this. Balances are accurate for specific weight ranges and should never be overloaded. 

VI. Measuring Liquids

Calibrated glassware (e.g., graduated cylinders and pipettes) are required for the preparation of culture media. Graduated cylinders of 10-, 25-, 100-, and 1000-ml capacities are used for many measuring operations; pipettes are used for smaller volumes. Volumetric flasks are much less commonly used than they used to be. When measuring solutions with pipettes or graduated cylinders, the bottom of the curved air-liquid interface should be aligned with the measuring mark. Again, do not return excess to the original container. Pipettes should be filled with a hand-operated pipettor, never by mouth! There are several types of pipettors; individuals usually find that they are most comfortable with a particular type.

VII. Water

The quality of the water used can make a significant difference in the final medium. Type I water is most desirable. Type I water is produced by distillation, ion exchange, reverse osmosis, or a combination of these methods  We distill deionized lab water. The water can be tested for purity.

VIII. pH

The pH of a solution is a measure of the concentration of hydrogen ions in the solution.  The pH scale extends from very acid (0) to very alkaline (14) with 7 being the “neutral” point.  The pH of most culture media is adjusted to 5.7 ( 0.1 before autoclaving.  The pH can influence the solubility of ions in nutrient media, the ability of agar to gel, and the subsequent growth of cells. For example, if the pH is lower than about 4.5, agar medium will not gel. Therefore accurate determination and control of the pH of tissue culture media are necessary. Generally, pH is determined with a pH meter, which can be digital or analog. The pH meter is calibrated before use by adjusting it using standards of known pH. Although pH drops somewhat during autoclaving, the pH of the medium is not typically readjusted after autoclaving.

IX. Pouring and Storing Media

Once media is made and pHed, it may be heated to dissolve the gelling agent and dispensed into culture vessels, like tubes, baby food jars, or Magenta boxes, and then autoclaved, if no filter-sterilized components need to be added. Alternatively, the media may be placed in a flask, which is covered, e.g. with aluminum foil, and autoclaved. It is then cooled (temperature is not usually measured; we do the “baby bottle” test). The medium should be stirred or shaken frequently while cooling. Any filter-sterilized reagents are then added and mixed in well. The media is then poured into vessels (e.g. plastic petri dishes). The vessels in either case are cooled in the transfer hood; lack of movement at this point promotes even gelling. All media should be labeled before it is removed from the hood. It should then be sealed up (we use ziplock bags) to prevent contamination. It should be stored in the refrigerator or at least in the dark (light causes some reagents to break down). Under good conditions, most media can be stored for at least a month. 

X. Cleaning Glassware

The traditional method of washing glassware involved soaking it in a chromic acid-sulfuric acid bath followed by tap water rinses, distilled water rinses, and finally double-distilled water rinses.  Due to the corrosive nature of chromic acid, this is almost never done anymore. Adequate cleaning of most glassware for tissue culture purposes can be achieved by washing in hot water (70(C+) with commercial or lab detergents, rinsing with hot tap water (70(C+), and finally rinsing with deionized or distilled water.  The glassware can be air dried or dried in a drying oven. Care should be taken after washing to keep the glassware clean, e.g. by storing it in a closed cabinet. If the glassware contains contaminant or recombinant material, it is autoclaved before washing.

