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Measuring Protein Concentration

The most convenient and accurate way to measure the concentration of a pure

protein solution is to spectrophotometrically measure the absorbance arising

from the intrinsic chromophores tryptophan, tyrosine and cystine (oxidised cys-

teine in a disulphide bond).

Spectrophotometry Basics

The concentration of a solution can be calculated using the Beer-Lambert Law:

c =
A

ε.l

Where c is the molar concentration, l is the pathlength of the cuvette (units cm),

ε is the molar extinction coefficient (units M−1cm−1) and A is the absorbance

at a given wavelength. For an observed light intensity (after absorption) of I

and an initial light intensity of I0, A is given by:

A = −log10
I

I0

Note that for A = 1, 90 % of the incident light is absorbed by the sample, for

A = 2, 99 % of the incident light is absorbed, and so on. The spectrophotometer

actually measures the amount of light transmitted through the sample, which

becomes a very small percentage of the incident light at A > 1.5 leading to

unreliability of absorbance measurements above that value.

Also note that for instruments that make measurements from small drops of

solution using a very short pathlength, the actual measured absorbance for

a dilute sample may be lower than the value reported in the software. This

is because the instrument has a short pathlength (typically 1 mm), but the

software usually corrects the absorbance value to that expected for a 1 cm

pathlength. Measuring very low absorbance values is intrinsically inaccurate,

as the change in transmittance caused by the sample is very small. For this

reason, more accurate measurements of dilute solutions may be obtained using

a spectrophotometer with a 1 cm pathlength micro-cuvette.

Which Values of ε Should Be Used?

There are two different sets of molar extinction coefficients in common use for

the determination of protein concentration. In each case, values of ε for each

amino acid chromophore are summed according to the amino acid composition

of the protein to obtain a value of ε for the protein. The source of these values

dictates the circumstances under which they may properly be used.
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Edelhoch, Gill and von Hippel (Unfolded Proteins):

εTrp = 5690, εTyr = 1280, εCys-S = 120

(all values of ε are at 280 nm and have the units M−1cm−1)

Gill and von Hippel, Analytical Biochemistry, 182: 319-326, 1989

These extinction coefficients are for amino acids in unfolded proteins. They

allow accurate determination of protein concentration if the protein is first de-

natured by dilution in 6 M guanidinium chloride solution (buffered with 20 mM

NaPi, pH 6.5).

Pace (Average Folded Proteins):

εTrp = 5500, εTyr = 1490, εCys-S = 125

(all values of ε are at 280 nm and have the units M−1cm−1)

Pace, Vajdos, Lee, Grimsley and Gray, Protein Science, 4: 2411-2423, 1995

These extinction coefficients represent average values from a collection of folded

proteins. The extinction coefficients for amino acid chromophores are sensitive

to their environment, though the variation is relatively small (on the order of

a few percent). These average values allow accurate determination of protein

concentration under native conditions and are used as the basis for the calculated

extinction coefficients in the Protparam and EMBOSS utilities.

Note that these average values and are not necessarily highly accurate for any

given protein. For the highest accuracy, it is possible to calibrate the extinction

coefficient for an individual protein by measuring the absorbance of a stock

solution and then determining the concentration of that solution by amino acid

analysis.

Correcting for Scattering Contributions

The scattering of light from particulate matter in solution, e.g. aggregated

protein, can give rise to apparent absorption at wavelengths used for concen-

tration determination. For accurate concentration measurements it is necessary

to correct for the scattering contributions to the absorbance reading. This is

particularly important when making measurements on proteins under native

conditions, it is less of a problem under denaturing conditions, since denaturant

solutions tend to disrupt aggregates. A simple and reasonably accurate method

to correct for the scattering contribution to an absorbance reading at 280 nm

is to employ the following formula:

Acorr
280 = A280 − 2.A333
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Where Acorr
280 is the corrected absorbance at 280 nm that should be used to

calculate the concentration, A280 is the measured absorbance at 280 nm, and

A333 is the measured absorbance at 333 nm (it is important that the protein

does not have bound co-factors that absorb in this region).

Figure 1: The UV absorption spectrum of a protein sample before (upper
spectra) and after (lower spectrum) centrifugation to remove protein aggregates.
Note that the baseline at wavelengths above 300 nm is non-zero and sloping for
the sample before removal of aggregates. This baseline absorbance comes from
light scattering. If the scattering correction formula is applied to the spectra
acquired before centrifugation, the calculated concentration is identical to that
after centrifugation.
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