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Calculations for Molecular Biology 
Laboratory work in Molecular Biology and Biochemistry involves the use of very small volumes and often very dilute solutions. Many hormones are biologically active at concentrations well below 
10-6 M. For this reason the standard calculation strategies used in Chemistry and the use of SI units is inappropriate and leads to confusion. To further complicate the picture, experiments in Molecular Biology often involve a convoluted series of dilutions and the use of complex multi-component buffers made up from many stock solutions.
Rather than using the traditional formulae, studiously rote learned for the HSC, it is usually faster, easier and less error prone to change strategies. There are a few key principles to efficient laboratory calculations in Molecular Biology; if these are adhered to there is a lot less pain in the calculations.

Think small!!!

In Molecular Biology we rarely use molar concentrations and we never use litre volumes so let’s work with the units we are using. To use a basic example, I don’t measure the distance from my house to the station in millimeters, rather I use the more sensible unit, kilometers. Conversely you would not measure the diameter of a cell in kilometers; you would use microns (m). By changing the prefix we can scale the units up or down very simply. It gives us units with numbers we have half a chance of calculating without the use of the calculator (or worse still the mobile phone). Try the use of prefixes for volume and concentration units:
	Prefix
	Factor
	Volume unit
	Concentration unit

	G (giga)
	109
	GL (giga litre)
	

	M (mega)
	106
	ML (mega litre)
	

	K (kilo)
	103
	kL (kilo litre)
	

	
	1
	L (litre)
	M (mol/L)

	m (milli)
	10-3
	ml (milli litre )
	mM (milli mol/L)

	micro
	10-6
	l (micro litre)
	M (micro mol/L)

	n (nano)
	10-9
	nl (nanolitre)
	nM (nano mol/L)


With this logic a 0.01 M solution becomes a 10 mM solution and a 1 X 10-6 M solution becomes 
1 M. This starts to make the arithmetic easier.
Strategies for doing laboratory calculations (and calculations assignments)
Understand the difference between concentration and number of moles.

· Concentration is a volume independent measurement. Beer has the same concentration of alcohol in the bottle, the can or the glass (to put it in everyday terms you can relate to!!).
· The number of moles in a particular solution, however, is dependent on the concentration of the solution and the volume. There will be more moles of ethanol in the 
600 mL bottle of beer than the 250 mL glass.
· It is often much easier to work with the number of moles rather than the concentration.

An example: If you added 0.5 mL of 0.01 M glucose to a final volume of 20 mL what would be the concentration of the glucose in the diluted solution?

Rather than reaching for the formula and the calculator, let’s use the principles above. A 0.01 M solution is equivalent to 10 mM and contains 10 mmol/L or 10 mol/mL ( 5 mol in 0.5 mL. 
This 5 moles is now in a final volume of 20 mL ( 5 mol/20 mL ( 250 M or 0.25 mM.

The key to doing this problem is to convert the concentration to sensible units i.e. M ( mol/mL. Then it is easy to see how many moles you would have in 0.5 mL and then very easy to calculate the diluted concentration, given that the 5 moles will now be in 20 mL.
The concept of the Mole: 
The concept (or otherwise) of the mole seems to result more in confusion than understanding. Tied up with this concept is the use (or misuse) of the molecular weight. 
Let’s start with the many definitions of the mole e.g. Avogadro’s number of molecules, the molecular weight in grams, the number of molecules which occupy 22.4 L at STP…… The list seems endless. 
At its most basic, the mole is a fixed number of molecules. It is not necessary to know the exact number for most, if not all, calculations in molecular biology. What is important is an appreciation that 1 mole of NaCl will have the same number of molecules as 1 mole of glucose. It follows then that, somehow the different molecular weights must be accounted for. This leads to the next definition which, in a practical sense is the most useful of all:
1 mole = molecular weight (g)

1 mmole = molecular weight (mg)

1 mole = molecular weight (g)

1 nmole = molecular weight (ng)

When to use the molecular weight:

Molecular weights are used in calculations when you want to convert from concentrations expressed in Molar units (M, mM, M etc) to concentrations expressed in g/L, g/100 mL, % (w/v), mg/mL and vice versa.
It is also used when you need to work out how much of a particular compound to weigh out to make up a solution of a specified molar concentration.

How to use the molecular weight:

Example 1
If you wanted to work out how much NaOH (mol. Wt = 40) you would need to weigh out to make up 200 mL of a 50 mM solution the strategy would be as follows:

· Step 1: How many moles of NaOH are required to make up this solution?
50 mM = 50 mol/mL = 50*200 moles = 10 000 moles or 10 mmoles.

· Step 2: How much do I need to weigh out?
If 1 mmole = molecular weight (mg) then 10 mmoles of NaOH is 400 mg or 0.4 g of NaOH. You would weigh it out and dissolve in ~ 150 mL of water. Once it is in solution make it up to 200 mL.

Example 2

If you want to work out how many moles there are in a given amount of a compound, you simply divide the mass by the molecular weight. In the example above, if 1 mole of NaOH contains 40 g then how many moles will you have in 120 g?

There are 120/40 = 3 moles of NaOH in 120 g. It is not necessary to pull out all the formula, just remember the definition!

Example 3

If you mixed 10 mL of 50 mM sodium acetate (H3CCOONa) with 25 mL of 20 mM glucose what would be the composition of the final solution?

Key Concept: Each solution is being diluted by the other.

· Step 1: Work out how many moles of glucose you have and how many moles of sodium acetate. 
Glucose: 20 mM = 20 mol/mL = 25*20 = 500 moles in total

Na acetate: 50 mM = 50 mol/mL = 50*10 = 500 moles in total.

· Step 2: Work out the final volume. 10 + 25 = 35 mLs.

· Step 3: Put all the information together to work out the final concentrations: 500 moles in 35 mL =  14.3 moles/mL for each or 14.3 mM glucose, 14.3 mM NaAcetate.

Different ways of expressing Concentration

There are a number of different ways of expressing concentration. The most commonly encountered units are the Molar family (sounds like teeth!): M (mol/L), mM (mmol/L), M (mol/L) ….

BUT there are others! Many methods express concentration as mg/mL or % (w/v) or even more confusingly g/dL. These units make it easier to weigh out and make up the solution but more difficult to work out the stoichiometry of the reaction.
· % (w/v) is actually g/100 mL

· g/dL is also g/100 mL (dL is a deciliter or 100 mL)

· mg/mL is the same as g/L or g/L

· % (v/v) is mL/100 mL.

· % (w/w) is g/100 g.

To interconvert between concentration expressed in molarity and weight per volume units you need to use the molecular weight.
Anhydrous versus hydrated preparations of compounds.

Using % (w/v) units becomes a problem if you don’t have quite the same compound as the protocol. For example if you need to make up 200 mL of a 5 % (w/v) solution of sodium citrate. If this calculation is based on the anhydrous (no water of crystallisation) molecular weight (Na3C6H5O7) but you only have the hydrated preparation (containing 2 water molecules in the crystallization, Formula Weight, F.W. = 294) then your molecular weight is an extra 36 (2 X 18, the molecular weight of water) heavier than the anhydrous compound on which the calculations are based. You will need to weigh out more to have the same number of moles of citrate. But how much more?
Strategy: 

· Step 1:  To make up 200 mL of the anhydrous sodium citrate you need to weigh out 10 g (5 % (w/v) is 5 g/100 mL and you have 200 mL).

· Step 2:  How many moles of citrate does this represent? It is 10/(294 – 36) = 10/258 = 0.0387 moles.

· Step 3:  To ensure you have the same number of moles of the hydrated citrate you need to weigh out 0.0387 * 294 g = 11.39 g.

Liquids

Some compounds exist as liquids at room temperature e.g. water and ethanol. To work with liquids you need to take into account the density. Density is usually expressed as g/mL; the density of water being 1.0 g/mL. If we were to calculate the molarity of water (this is a favourite for calculations assignments) the strategy would be as follows:
Density of water = 1 g/mL = 1 000 g/L.

The molecular weight of water is 18.

Therefore the Molarity = 1 000/18 mol/L = 55.5 M.

The other common calculation involving density is the molarity of concentrated solutions of common laboratory acids. The bottle of concentrated HCl will quote the density of the solution, its purity and the molecular weight of HCl. Let’s calculate the Molarity of concentrated HCl from these values.
Density of HCl = 1.19 g/mL

Molecular weight of HCl = 36.5

Purity = 38 %

· Step 1:  If the density is 1.19 g/mL then it is 1190 g/L 
· Step 2:  But only 38 % is HCl ( 1190*38/100 = 452.2 g of HCl. 
· Step 3:  The actual number of moles of HCl in the litre is 452.2/36.5 = 12.4 mol/L = 12.4 M.

Buffers.

All biological reactions MUST be carried out in a narrow, defined set of conditions. The use of enzymes in reactions requires strict adherence to temperature, ionic strength, pH and often the presence of particular ions e.g. Mg2+. Most reactions in molecular biology use enzymes; they are exquisitely specific to the task and have evolved/been engineered to perform this task as efficiently as possible. To ensure the pH is maintained over a narrow range throughout the reaction we use buffers. In your body, your cells and blood have specialized buffering systems also to maintain pH.
It is essential that you have the correct buffer at the correct strength and pH in an enzyme reaction. Buffers are composed of either a weak acid combined with its conjugate base or a weak base mixed with its conjugate acid form. The relative proportions of the acid and base form will determine the pH. The choice of which weak acid or base to use is based on the pH you want in your reaction and the pKa of the acid/base. Solutions of weak acids/bases are able to buffer best (resist changes in pH) when they are made up within 1 pH unit either side of their pKa.

An example:

Acetic acid is a weak acid and can be used in buffers at pHs around its pKa, 4.7. If you have a reaction which requires a pH between 3.7 and 5.7 acetate buffers would be a good choice. The conjugate base of acetic acid is referred to as acetate (usually the sodium ion is used), CH3COO-. At the pKa there is an equal amount of the acid form (acetic acid, CH3COOH) and the base, (acetate CH3COO-). At pHs on the acid side of the pKa i.e. < 4.7 there will be more acid form than base form. Alternatively on the basic side of the pKa i.e. at pHs > 4.7 there will be more of the base form than the acid form. The exact proportion is calculated using the Henderson Hasselbalch equation which is beyond the scope of this course. 
A buffer problem:

You need to make up 500 mL of 100 mM acetate buffer. To achieve the desired pH you need to add 4 times more of the base than the acid form. You have a 1 M solution of both the acid and base forms of acetic acid. How would you make up this buffer?

· Step 1: How many moles of acetate do you need in the solution? If you need 500 mL of 
100 mM acetate you will need a total of 50 mmoles of acetate.

· Step 2: How much acid and base? If you need 4 times more base than acid you will need 40 mmoles of base and 10 mmoles of acid (4:1 means 5 parts altogether = 50/5 ( 10 mmoles and 40 mmoles).
· Step 3: How much of each stock solution will you need? If you have 1 M solutions of each form ( 1 mmole/mL then you will need 40 mL of the base and 10 mL of the acid form.

· Step 4: Making up the solution: Add 40 mL of base and 10 mL of acid then make the whole solution up to 500 mL with water. 
Stock versus final concentrations.

A method, set of instructions or protocol (all words used to describe the detailed instructions you use in the laboratory) include statements like:

“Add 400 L of 500 mM glucose and make up to 40 ml with distilled water”

However, the final legend in a paper will describe the conditions as simply “5 mM glucose”. Why the difference? The protocol has described the volume (400 L) of the stock or concentrated glucose solution (500 mM) you need to add. It also includes the final volume you need to make it up to 
(40 mL). So what you have after you follow the instructions is 40 mL of 5 mM glucose. 
Why use this complicated method for making up 40 mL of 5 mM glucose?
Why use stock solutions?

Molecular Biologists and Biochemists often use stock solutions; it saves time weighing out and making up endless different solutions. Many of the buffers and solutions contain multiple components and, what makes it worse, many of these different solutions contain the same components, just at different concentrations. It is much easier to measure a volume than to weigh out a powder and dissolve it every time you need a new combination of components in a buffer; better to add different proportions of the stock solutions. It is also good if buffers have to be made up fresh; perhaps 2 chemicals will slowly react together if left long enough. By keeping them apart as concentrated solutions you can quickly prepare the buffer before use.
If you are going to use stock solutions to make up buffers, prepare assays etc should you include all this information in your legend? 
What is a legend?

The legend in the paper describes the final conditions of the reaction. These need to be lab independent i.e. someone in a lab on the other side of the world with different stock solutions and different glassware can still do the experiment. Legends are included under figures or above tables.
What information do you put into a legend?

What you definitely don’t do is put volumes of stock solutions in your legend! These are saved for your protocol.
Using the example earlier…..
The final volume of 40 mL may be a decision more of the glassware/culture flasks etc available in your lab than a necessity for the experiment. Suppose the solution was used to culture cells. If you were incubating cells in the 5 mM glucose it would be more important that you had the cells at the right concentration e.g. 1 X 106/mL than that you had 40 mL of culture. 
Before writing your legend consider which information is essential for the experiment to work. 
With the example earlier, could the experiment be repeated with 20 mL of cells at 5 mM glucose, providing the cells were at the correct concentration. Most probably yes. Culture procedures and enzyme assays can be scaled up and down to suit the lab equipment! If this is the case then only quote the final glucose and cell concentrations e.g. cells were incubated at a concentration of 1 X 106 cells per mL in 5 mM glucose. Allow the researcher trying to reproduce the experiment the freedom to decide what final volumes and stock solutions to make up. They may have different sized flasks/incubator/water bath than you.
Let’s try another example…..

Enzyme assays are often used to measure the amount of a particular enzyme present in a sample. The term assay is a fancy scientific term describing a reaction that actually measures something; usually the concentration of a compound or the amount of an enzyme. This semester you will measure the amount of an enzyme, lactate dehydrogenase, using an enzyme assay. With this type of assay it is very important to have the correct conditions; too much or too little of a component in the reaction and you can stuff up the measurement!!

On the next page is a checklist of all the do’s and don’t’s of writing a legend. PLEASE look over this list before coming to see your demonstrator about how to write your legends. You will find many of your questions are answered here.

Quick legend check list:

· Do not describe adding volumes of stock solutions of a particular concentration; use final concentrations.

· Do not describe final volumes unless they are essential to the outcome of the experiment; most procedures can be readily scaled up and down with no alteration to the final result. This is particularly relevant for cell cultures. 

· Try to express final concentrations in molar/millimolar/micromolar units where possible; this allows for easier comparison between different compounds on a stoichiometric basis.

· When describing an enzyme assay make sure you are describing all the conditions of the actual reaction; temperature, shaking if necessary, concentrations of substrate and buffer, with pH, when the enzyme is actually doing its stuff (not the concentrations of the stopped reaction).
· Explain the principle behind the enzyme assay e.g. X dehydrogenase activity was measured by monitoring the rate of appearance of the product NADH OR conversely the disappearance of the substrate X.
· Describe how the rate of appearance will be monitored i.e. spectrophotometrically at 340 nm using an extinction coefficient of 6.2 mM-1cm-1. Make sure you give enough information for the researcher to calculate the activity; the extinction coefficient with appropriate units.
· Do not tell us how you labeled your tubes (this is experiment specific information) or refer to your labeling e.g. “the enzyme activity of tube 1 increased”. Do not describe buffers as “reaction mixture” or buffer Z; give the components as final concentrations.
· Do not include unnecessary information e.g. “data was recorded”; we can assume the data was recorded. Many students are also tempted to give unnecessary detail e.g. “the protein concentration was measured at 0, 10, 20 and 30 min”. It would be better to say ‘protein concentration was estimated over a 30 min time period.’ If you measured the concentration at 0, 8, 16, 24 and 30 min you would still have the same trend.
· Do not quote concentrations to 15 decimal places. In most experiments in junior and intermediate laboratory sessions, we would quote concentrations to 1 decimal place at the most!! Particularly when the units are mM.
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