
Practice Making Dilutions and Using Spectrophotometers to find Molar Concentrations

You will be given two tubes that contain a solution having short pieces of DNA (they are 50 bases long, and are called oligomers). Each is at approximate 100uM concentration – what does this mean? 
One mole of any pure substance means that there is Avogadro’s number of molecules present. That is, 6.023 *1023 molecules. This number of molecules has a characteristic weight (called its molar mass). The molecular weight of sodium chloride is 40.0 gm/mole, for example. 

When we make solutions of a chemical, we often want to know how many molecules are in a certain volume. This is because substances can have different properties as solids and liquids, and also at different concentrations. So we take a known mass (weight in grams) of the substance and dissolve it so that we reach a known (measured) volume, usually expressed as Liters. That gives us a Molar Concentration, which is moles per liter (mol/L or M). So a 1 Molar solution of anything has Avogadro’s number of molecules per liter. If I have a 1M solution but on 1 milliliter (one one-thousandth of a liter) then I have one one-thousandth Avogadro’s number of molecules. This means I subtract 103 from the exponent part of 6.023 *1023 molecules and I end up with 6.023 *1020 molecules.

So I have given you 100μl (microliters or one one-millionth of a liter) of a 100μM solution of DNA. What does this mean? A 100μM solution has 100*10-6 moles/Liter, or 6.023 *1023  X 10-6 = 6.023 *1017 molecules/Liter. If I have 100 microliters, a microliter is 10-6 liters, but I have 100 (102), so I have 10-4 Liters. 6.023 *1017 molecules/Liter * 10-4 Liters = 6.023*1013 molecules (which is still a LOT). 
Measuring how much DNA we have:

DNA absorbs electromagnetic radiation in the ultraviolet part of the spectrum (a wavelength of 260 nanometers). That means that light coming through a DNA solution has less intensity (photons) than the light that went in. This decrease can be measured in a spectrophotometer and using a formula, will tell you the concentration of DNA in the solution




     A = εcl

This is called the Beer-Lambert Law, where A  is the absorbance, ε is a physical constant that is characteristic of DNA having the particular sequence of bases of a sample called the extinction coefficient, c is the concentration, and l is the length of the light path. You have to use consistent units, so if you are looking for a molar concentration (grams/mole per liter of solution) you have to use the molar extinction coefficient. The length is standardized to 1cm for the constant that is reported.

The absorbance of DNA is not very sensitive, so we have looked for ways to make the measurement report accurately on smaller amounts of DNA. One way to do this is to use a fluorescent dye, that will produce many photons when it is irradiated with the right wavelength of light. 

For your samples, one of the oligomers has been labeled with a fluorescent dye (Cy3) while the other is just DNA. You are going to use these solutions, make a series of dilutions whose concentrations you will check using a DNA  spectrophotometer for one sample and a fluorescent spectrophotometer for the other spectrophotometer.
When you are using a spectrophotometer, you have to provide a ‘blank’, or a sample of the buffer that you made your dilutions in , so that the instrument can take into account any absorbance that comes just from the buffer. So you will need to take a tube of buffer as well as your samples to the spectrophotometer room. 

Serial dilution:

Make a 10-fold serial dilution series, with 200ul (starting) volume in each sample, in a 6-member series, using the 3X SSC solution as the buffer. You should make duplicates, to see how reproducible your pipetting is. So you will need to label 24 Eppendorf tubes, using a Sharpie marking pen
1. Label the tubes Oligo 1: 1,2,3,4,5,6 (2 with each label) and Oligo 2: 1,2,3,4,5,6 (2 with each label)
a. Into each of the 24 tubes,  pipette 90 ul of 3X SSC

b. To the tube labeled Oligo1-1 add 10ul of the 100uM Oligo 1 Stock. Vortex (DNA this short is not sheared by vortexing). 

c. To the tube labeled Oligo1-2 add 10ul of the Oligo1-1 solution, vortex

d. To Oligo1-3, add 10ul of the Oligo1-2 solution, vortex

e. To Oligo 1-4 , add 10ul of the Oligo1-3 solution, vortex.

f. To Oligo 1-5 add 10ul of the Oligo 1-4 solution, vortex.

g. To Oligo 1-6 add 10 ul of the Oligo 1-5 solution, vortex.

h. Repeat the series, so you have a duplicate dilution series for Oligo1-1.

2. Repeat the process for Oligo2, making sure that you have duplicates.

3. Store the 24 tubes at 4C if you are not going to make the spectrophotometric measurements right away.

What are the concentrations of this 10-fold serial dilution series?

1. 100uM *10-1 = 10uM

2. 10uM * 10-1 = 1uM

3. 1uM * 10-1 = 0.1uM (this is the same as 100nanoMolar or 100nM, where nano means 10-9)

4. 100nM * 10-1 = 10nM

5. 10nM * 10-1 = 1nM

6. 1nM * 10-1 = 0.1nM (this is the same as 100picoMolar, or 100pM, where pico means 10-12). 

When you have your measurements, you will graph the absorbance on the y axis and the concentration on the x axis. You will want to use a log10 range on the x axis, so your graph is not too spread out. You may use Excel or any other graphing program that you have available. 
