
Absorption Spectroscopy

Absorption Spectroscopy of Biopolymers:

For biologists, the absorption properties of nucleic acids and proteins are of most interest. 
Nucleic acids and proteins have distinct chromophores that give rise to unique absorption 
curves. Typically, proteins and nucleic acids have chromophores that absorb in the UV (< 
300 nm). Some proteins have chromophores in the visible (e.g. GFP, heme proteins, or 
proteins complexed with transition metals that give rise to unique absorbance spectra). 
Measurements are typically performed in aqueous solvents, which limits measurements to 
wavelengths > 170 nm. Buffers, salts etc. need to be chosen with care to avoid background 
absorbance.

For proteins, the following chromophores are dominant:
Peptide bond: delocalized π electrons (carbonyl-nitrogen) n to π* transition (weak intensity 

in the far-UV at 210-220 nm)
Peptide bond: delocalized π electrons (carbonyl-nitrogen) π to π* transition (very strong 

intensity in the far-UV at ~ 190 nm)
Amino acids with aromatic side chains that have delocalized π electrons, in order of 

absorbance strength (λmax weakest to strongest): Phe (258 nm), Tyr (274 nm), Trp (280 
nm).

Disulfide linkages from oxidized sulfur atoms on Cys residues (250-270 nm), as well as His 
(both are weak).
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For proteins without prosthetic groups, the number of tryptophan and tyrosine 
residues can be used to estimate protein concentration by measuring the 
absorbance of the protein at 280 nm. The molar extinction coefficients of Trp and 
Tyr are 5,700 and 1,300 OD 280 nm/(mol*cm), so the molar extinction coefficient of 
the protein can be estimated based on the number of tryptophan and tyrosine 
residues (nTrp and nTyr) with this formula:

To convert into mg/ml, divide by the molar mass, M:

(Note: Phe and oxidized sulfhydryl Cys residues also absorb, but less significantly)

A more sensitive method, due to the typically higher extinction, is to measure the 
protein concentration by monitoring the absorption at 230 nm. Here the extinction 
is roughly 300 OD 230/(mol*cm) for each peptide bond.

ϵ protein ,280nm = 5,700 nTrp + 1,300 nTyr

C protein ,280nm = 5,700nTrp + 1,300nTyr
M
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For nucleic acids, the strong extinction of 
the purine and pyrimidine bases 
contributes to their absorption in the near 
UV at around 260 nm, and in the far UV 
between 190-210 nm. 
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Absorption Spectra of the Nucleic Acids
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Ways in which light interacts with a sample:

Absorption – light energy is absorbed by the molecule causing 
electrons to be excited to a higher energy state

Scattering (elastic) – light bounces off a molecules and can be 
observed at a different angle

Optical rotation – the plane of polarized light is changed to a different 
angle

What happens to the absorbed energy?
● Converted to heat (vibration)
● Fluorescence (light is emitted at a longer wavelength)
● Raman scattering
● Inelastic scattering

Electric and magnetic properties of sample are affected when it 
interacts with light

Pulsed light allows us to observe the decay of the excitation



Absorption Spectroscopy

In quantum mechanics the energy of a particle is quantized, and only certain 
energy levels are allowed. For a particle in a simple one dimensional box with 
dimensions from 0 to a, wave mechanics allows the particle with mass m only to 
have discrete energy levels (h is Planck's constant):

In molecules, electrons do not reside in one-dimensional boxes, but instead are 
located in orbitals. Their probabilities are described by wavefunctions.

En = n2h2

8ma2
n = 1,2,3,4. . .
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Useful Tips for Absorbance Spectroscopy

Modern spectrophotometers typically store a reference spectrum in memory and 
perform the subtraction internally to report true analyte absorbance.

Background absorbance results from cuvette and buffer.

For UV mneasurements, only use quartz cuvettes. Glass and plastic cuvettes absorb 
in the UV and can only be used in the visible range.

Many buffer components absorb in the UV, in particular beta mercapto-ethanol and 
di-thiothreotol. TCEP can be used down to 240 nm.

Many buffers absorb to varying degrees below 240 nm, including HEPES, TRIS, 
acetate, MOPS; sodium and potassium phosphate buffers do not absorb and can 
be used to quite low wavelengths.

Always consider the total absorbance when subtracting buffer absorbance to make 
sure you are not measuring outside the dynamic (linear) range of the 
spectrophotometer. 
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Like phosphate buffer, the phosphate groups do not contribute to the extinction. 

Within experimental error, ATP, ADP and AMP all have the same extinction properties. 
Absorbance of an individual nucleoside at 260 nm is about 10,000 OD 260 nm/(mol*cm). 
This strong extinction allows measurement down to concentrations of ~ 3 ug/ml.

Contributions to the absorbance spectrum by the environment:

Dipole interactions with the solvent, if the solvent is polar like water, can be significant, and 
can change the absorption characteristics of chromophores when the solvent is changed to 
a non-polar solvent. Similarly, if the environment of chromophore changes within the 
molecule (e.g., a surface solvent-exposed tryptophan becoming buried in a hydrophobic 
interior of the protein), extinction intensities and absorption bands change. This can be 
used to monitor changes of a macromolecule, such as in:

melting studies
pH changes
oxidation states
Conformational changes such as unfolding
Solvent differences
Complex formation
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Absorption spectrum of a small 
molecule (a) and benzene (b) 
in the gas phase (top), the 
solution phase (center) and 
the theoretically calculated 
spectrum (bottom).

Observed spectra are generally 
broad envelopes of many 
closely spaced sharp 
spectral transitions. Further 
broadening of the spectrum 
is caused by solvent 
properties, Doppler shifts 
and other effects.
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Hypochromism is the loss of absorption intensity in some regions of the 
absorbance spectrum.

Hypochromism is caused by the alignment of transition dipoles.

Examples for the effect of hypochromism can be observed most often during 
binding or aggregation. A very good example is the 30% increased absorbance 
DNA nucleosides over single stranded to double stranded DNA. The alignment 
of the bases (stacking) can reduce the absorbance.

Hypochromism depends on 1/r3 of the aligned residues giving rise to the dipoles
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Deconvolution of multiple basis spectra to quantify individual components:

When known absorbance spectra are sufficiently different and hypochromism is 
negligible, the individual components can be mathematically separated to determine 
relative amounts of each constituent.

Fbase = ∑G i (σ i ,λ i , ci ) = ∑ c i e

−(x−λ i)
2

2σi
2

Fmix = ∑
i

aiFbase ,i



Absorption Spectroscopy

Experiment: Prepare food color solutions from primary colors, and measure their pure 
absorbance spectra. Take multiple concentrations and globally fit each color to a sum 
of Gaussian terms. Then mix the colors with known ratios and try to determine the 
composition by performing a linear decomposition of the summation spectra into 
their basis spectra.
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θ = cos−1[ u⋅v
‖u‖⋅‖v‖]

Measured angles between color vectors

In order to be able to deconvolute the signal from the mixture into individual basis 
spectra, the basis spectra should be orthogonal, or linearly independent. A metric for 
orthogonality can be obtained if one considers the absorbance spectra to be vectors, 
and determins the angle between the respective vectors. This can be done with the 
following formula:
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UltraScan Analysis of MWL Protein/Nucleic Acid Mixtures

Example 1: 

Testing reliability of the 
method with mixtures 

of BSA and a DNA 
plasmid digest:

1 x 2811 bp

12 x 208 bp

12 x 12 bp



  

Multi-wavelength Sedimentation Velocity: BSA




  

Multi-wavelength Sedimentation Velocity: DNA




  

Multi-wavelength Sedimentation Velocity: DNA-BSA Mixture




  

CMWL = xa[
ϵa1
ϵa 2
...
ϵai ]r ,t + xb [

ϵb1
ϵb2
...
ϵbi ]r ,t

LDNA                 LBSA..
.

Scan 1

..

.
Scan n

NNLS

Use Lj Spectra for Spectral Decomposition



  

Multi-Wavelength Decomposition of a range of DNA/BSA
mixtures using pure 100% DNA and 100% BSA spectra:

CMWL = xa[
ϵa1
ϵa 2
...
ϵai ]r ,t + xb [

ϵb1
ϵb2
...
ϵbi ]r ,t

LDNA                 LBSA

100% DNA and 0% BSA

80% DNA and 20% BSA

50% DNA and 50% BSA

35% DNA and 65% BSA

20% DNA and 80% BSA

0% DNA and 100% BSA



  

Global Genetic Algorithm Analysis
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Circular Dichroism is a spectroscopic technique that uses circularly polarized 
light to discriminate between asymmetric (optically active) molecules.

Any light wave has an electrical and a magnetic vector, which are perpendicular 
to each other, and perpendicular to the direction of propagation (x axis in the 
image below):
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Circularly polarized light makes v rotations per second. The wavelength is the 
distance required to make one full rotation, with c = λv. Circularly polarized light 
can be either left- or right-handed. By convention, light is said to be right 
polarized when the electric vector, when seen towards the source, is rotating in a 
clockwise direction.
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Asymmetric molecules tend to absorb left- and 
right-handed circularly polarized light with different 
amplitudes. Circular Dichroism (CD) is defined to 
be the difference between the left- and right-
handed extinction coefficients for the absorption of 
circularly polarized light:

Unlike regular absorption bands, CD bands can be 
negative or positive.

CD absorption is also about a 1000 fold weaker, 
requiring much more sensitive instrumentation.

Δϵ = ϵL − ϵR
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The alpha-carbon in the protein backbone is an 
asymmetric atom (except in glycine), which makes 
it optically active, and the backbone dominates the 
CD spectrum of proteins. 

The CD spectrum is most interesting in the region 
between 160-220 nm, though typically the 
spectrum is more easily interpreted in the range 
above 180 nm.

For proteins, the CD spectrum of different 
secondary structures (alpha-helix, beta-sheet, 
random coil) are very different, as shown for poly-
L-lysine in the figure on the right.
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Using data from X-ray diffraction data, 
basis spectra have been deduced that 
can be used in linear decompositions to 
quantify the degree of random coil, 
alpha helix and beta sheet in any given 
protein, making CD a powerful 
technique to predict secondary 
structure.

The Figure on the right shows how 
successively adding basis spectra 
improved the decomposition fit for the 
CD spectrum of the protein papain.

However, decomposition techniques 
have their limitations due to significant 
differences in the CD spectra of “model” 
compounds for each conformation. With 
X-ray crystallography more and more 
accessible, higher resolution can be 
obtained with crystallography now.
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