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Quantification of Protein Concentration by absorption

Review: the Beer-Lambert Law
Absorbance, A= e lc = Log (1/T)  

T= Transmittance
Sometimes written as A =abc, 

Values for e and l

    * Path length l is usually in units of cm. (note: most spectrophotometers are designed to accept 1cm wide cuvettes)

    * Molar extinction coefficient e has units of M-1 cm-1 and is a constant of proportionality that relates the absorption of molar solutions

    * Mass extinction coefficient e 1% refers to the absorbance of a 1% by mass solution (1.0g/100 mlH2O).  Typically this refers to an aqueous solution that we can take to have a density of 1000g/L.  A 1% by mass aqueous solution would therefore refer to the dissolution of 10g/L, or a 10mg/ml solution of the molecule of interest.

    * Since the absorbance of a molecule is a function of the wavelength (i.e. the absorption is not equal for every wavelength) the extinction coefficient must also reference a wavelength.  This is typically done using a subscript:

Example:

e 1%280nm = 14.5 g-1 L cm-1
In this case a 10 mg/ml solution of the molecule will have an absorbance reading of 14.5 (dimensionless units) at wavelength = 280 nm (the absorption at other wavelengths may not be known).  The units of concentration are g/L, thus e will have dimensions of g-1 L cm-1.

In general in the modern biochemical literature, protein would be quantitated using molar extinction coefficient. When exact concentrations are not important, but relative concentrations are, colorimetric protein assays are used like the BCA and BioRad protein assay. We will do these later in the semester. 

Why not just weigh the protein?

    * Most samples are typically quantities of milligrams or even micrograms, not grams, and thus, it is difficult to transfer and measure such small amounts

    * Water is present in proteins, and it is extremely difficult to remove all the water (some water molecules hydrogen bond extremely tightly to proteins).  Thus, the mass measurement would include some waters, and would increase the apparent mass of the protein

Absorbance spectra of biological molecules

Proteins

Proteins do not absorb in the visible wavelength unless they have a prosthetic group (e.g. Fe2+) or an unnatural amino acid.  However, the amino acids tryptophan, tyrosine and cysteine absorb light in the UV wavelength:
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    * Tryptophan has a peak of absorption at 280nm in the UV range

    * This is a useful wavelength to quantitate the absorption of tryptophan

    * Since the absorption is proportional to concentration, this is a useful way to quantitate protein concentration (for proteins containing Trp)

Important aspects of quantification of proteins using UV absorbance

    * If a protein contains Trp, Tyr or Cys residues it will absorb in the UV.  If it does not contain these amino acids, it will not absorb UV light, and we cannot quantify it using this method

    * Multiple Trp, Tyr or Cys residues will contribute to the Extinction coefficient for the protein.  Thus, we need to know how many of these residues are present in the protein to know the correct extinction coefficient

    * Nucleic acids (DNA, RNA) contaminant will also absorb UV light, as will other proteins with Trp, Tyr and Cys residues.  Thus, the sample must be PURE or nearly so to use UV absorption to quantify a protein

    * For a crude preparation with nucleic acid contamination protein concentration is often approximated as:

Protein (mg/mL) = 1.55 A280 - 0.76 A260

Molar extinction coefficients of Trp, Tyr and Cys amino acids:

	Amino Acid


	e280nm (M-1 cm-1)



	Trp


	5690



	Tyr


	1280



	Cys


	120




Example:

Bovine insulin contains 4 Tyr residues, 6 Cys residues and 0 Trp residues.  We can determine the expected molar extinction coefficient at 280nm,

 e280nm, by the following calculation:

e 280nm = (0)(5690) + (4)(1280) + (6)(120)

e280nm = 5840 M-1 cm-1
Thus, a 1.0M solution of pure bovine insulin would give an absorbance of 5,840 units at 280nm (obviously, it would have to be diluted considerably to be read accurately since an A > 1.5 units is considered inaccurate).

A useful expression relating the parameters of e, concentration (c) and A are derived from the Beer-Lambert law (assuming 1 cm path length):

A/ e280nm = c

For example, if a sample of bovine insulin was observed to give an absorbance at 280nm of 0.745 we could calculate the concentration to be:

0.745/5840 M-1 cm-1 = c

c= 1.28 x 10-4 M (note: cm-1 drops out with 1 cm pathlength)

It should be noted that a deuterium lamp is required for UV spectrophotometry, as well as quartz cuvettes (since glass absorbs UV light)

While this method is generally more accurate than routine “Protein Assays” using colorimetric methods, it is still an approximation and amino acid absorption can be considerably altered by the local environment in the protein. There is a web site ProtParam,  http://ca.expasy.org/tools/protparam.html that can be used to estimate protein extinction coefficients, MW and pIs for a given amino acid sequence.

Nucleic acids
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The aromatic rings in the bases of nucleic acids also absorb in the UV range:

    * Each DNA and RNA base has a slightly different absorption spectrum

    * 260 or 280nm is a typically useful wavelength to monitor concentration of nucleic acids

Note that samples of nucleic acids and proteins can both absorb at 280nm, therefore, samples of biological molecules should be pure in order to quantitate using UV absorption spectroscopy (any contaminating nucleic acids in a protein sample will increase the apparent absorbance, likewise for contaminating proteins in a nucleic acid sample).
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