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Circular Dichroism Spectroscopy

in molecules through their optical activity. CD can be applied to a wide variety of molecular structures, but has found favor in the

f ion of ructure, esp
Gircular Dichroism spectroscapy exploits the fundamental property described by the ‘Cotton Effect’ See here the Wikipedia article P light may be p by an optically active molecule in the
viscinity of a chromophore.
Gircular dichroism leftand right y P light in optically active substances is measured. CD signals for optically
materials; however chirality can oo be nduced s toa when placedinaan CD s typi for structural

analysis of biomolecules, and chiral discrimination.

d magnetic that i a light beam's propagation. of he waves' polarization. In
unpolarized light or white ligh, the electric and magnetic directions. I 1,left), P
light (CPL) a90° her and this pl Figure 1, right).
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Figure 1. Linearly (left) and circularly (right) polarized light.
iy or ina 2 lecules exhibi optical rotation, where the velocity of the light passing through an
optical actve mecium wildiffr depencing on the refore will propagate sample at a different speed than its right handed counterpart. When a chiral molecule
absorbs left- and right-handed CPL to different degrees the resulting electric ﬁe\d ector tmcea ot an empse Snee hneavly po\anled hgm can be thought of as a superposition of equal intensities of \eﬁ (g; and right-handed
(€) circularly polarized light, as the circularly polarized light travels throu material, cPL and y p rotated a P
light is now tilted (Figure 2). This elipticty (q) as a function of wavelength defines a circular eotom spectrum.
Figure 2. El and Er components when they are absorbed equally (left), resulting in
linearly polarized light, and unequally (right), resulting in ellptically polarized light.
Instrumentation
Photoelastic Modulator (PEM)
Ina circular dichroism is created to later light. Unpolarized light first passes through a polarizer in which the crystal axes and the orientation of the
ottt re el A photolastmodstr (PEV)then used o coverttheBnearypkazed gt no circlarly plarized gh,As seen i Figure 3, the PEM isa pizoelastc clement, cemented o block f fuzed quartz
When a 50 kHz frequency is applie the g two p P p occurs when the phase of an orthogonal electric field
deviates by 1/4 wavelength.
Figure 3. Photoelastic modulator used to convert linearly polarized light to circularly
polarized light
Nitrogen Purge
The xenon arc lamp creates a substantial amount of UV radiation. When this radiation oxygen molecules, in
and efficiency to ucing the S/N.Additonally oxyge sl s absorbed i the UV reion. By purging he manochromatorwith irogen. not ol do the miors rtan thir
reflectivity and longevity, but the bsorption is decreased, 10 be acquired further into the far-UV. Figure 4 provides nitrogen purging suggestions
CDis an ensemble technig d structure of chiral are not placed inan
coupled where CD can ranshions. Most CD experments requre e sampl prparation, re casy o perform,and re non-
p ired in n liquid phase or as solid, ilms, or gels, twoth ique
Protein Structure
Secondary Structure
Proteins adopt optimized structural,regulatory or enzymatic functions. Therefore, the protein The far-

UV (180:250 ) rgion probes the peptide backbone chain, whose phi and i angles otate depening o theprotein conformatin, Thereare two absorpton bands which make up th farUV CD spec\mm astrongpap*
around 190 nm and a weaker but broader n & p* transition between 210-220 nm, seen in Figure 6.
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Figure 6. The peptide bond (rop) and the corresponding UV transitions observed in
the far-UV CD spectrum (bottom)

‘These two absorption bands give rise to different bands (Figure 7) that " solution

While each of the four secondary structure components (a-helical, b-sheet, tur, and 3 is han assigning a band to each component. Secondary structure
tof pectra with known thatis used in ‘sample) spectrum

analysis. The t Is0 known iute to the far-UV spectrum, further analysis is best used CD data. More

imilr secondary structure, such a5 b-sheet and trn can be teased out and structuralchanges from a malory of shee .8 majorty of tur can be confidetly confrmed
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Tertiary structure
‘The near-UV CD spectrum (250-320 nm) reflects the protein tertiary structure, made up of th side chains. The 1t and typtophan, exhibit between
255:270 nm, 275285 nm, and 290-305 nm, respectively. The number and proximity of the aromatic residues will affect the CD signal, as well as degree of d igidity of the

chromophores in folded conformations.
DNA Structure

The CD spectra of DNA provides information on the molecule's secondary structure that is dependent on the stacking orientation of the base pairs. While the base pair
exhibita CD signal, they o the DNA sugar moieties. The chirality of the sugar groups induces a CD signal in the base pair's p & p * ransition, observed from 200-300 nm.

Figure 8. CD spectrum of DNA derived from bovine thymus.

Each DNA conformation displays a distinct CD spectrum. The most well known B-form, discovered by Crick,isa perp: to the helix. A at 290

nm, negative maximum around 245 nm, and a broad positive peak between 260-280 nm are typically seen for B-form structures. The A-form is structure that s typically for

RNA and exhibits a positive peak at 260 nm and a negative peak at 210 nm. The Z-form structure is a left-handed double helix that msplzys a negative band at 290 nm, a positive peak at 260 nm, and negative maximum ~200

nm. G-quadruplex (G4) semnﬂaly structures are unique in that they fold into four-strands that form either parallel o anti-parallel the stacking interactions of
ralel G4 have a positive band at he antiparallel structures exhibit a negative band at zao nm and a positive peak at 290 nm,

‘Thermal Stability

Changes i temperature can affect biomolecular structure and . leading to as well as infl d efficacy of These

tucies are used 1o moritor protei foding/unfolding,as well asthe effec of solvents,pH, and iganes on he Thermalstablly s assessed eithe by monitoingsingle wavelengths at the peak

of interest as a function of igure 9, top) or by tincreasing temperatures (Figure 9, bottom)

Figure 9. Thermal melting curve (top) obtained at 222 nm and CD spectral scans
(bottom) from 20°C to 90°C measured to evaluate the thermal stabilty of
lysozyme’s secondary structure.

Protein folding investigated a protein can undergo structural changes when heated and revert back to its native form when cooled back down to the initial temperature. If the protein
folding then as the Gibbs free energy, (G) enthalpy (OH) and entropy (0S) changes, and mefting temperature (T,) can be acquired by fitting the
thermal mefting curve.

Experimental
Beer's Law: Sample Concentration and Cell Pathlength

D is an absorption technique based on Beer's Law
Asele
where A s the absorbance, e is the molar absorptivity constant, | i the cell pathlength, and c is the chromophore concentration. Therefore, the amount of light absorbed by the sample s dependent on concentration and

pathlength and critical to obtaining accurate CD data. Usually, the optimal S/N is obtained when the absorpti ~1. Figure 10 additional concentration and cell pathlength
quidelines for a variety of chromophores.

Conveniently, the sample concentration and cell pathlength can be adjusted to account for absorbance limitations. For example, if to0 large but cannot be reduced for experimental
purposes, the ell pathiength can b shortenid to acquirethe ecessary measurements, Likewiss, f rly one celpathength s avallabl, the sample concentration ca be Icreased 0 obtaln data with a sufficient SN

‘Aside from the pathlength selection, cell material and 10 consider when For below 200, quartz cietes ara
necessary due to their transparency in the far-UV. While most quartz rectangular cuvett flat baselines, hould be p

due 1o the strain on the cuvettes. Additionally,these cell baseline the cell. hold much smaller volumes thanthe tadition 1 and 10 mm palhlenglh
cuvettes, these cells cannot be used ) esulting in heat lose. It erify of after

loaded to ensure the correct pathlength, especially is the molar ellpticity or mean residue molar elhwmy islater alculated. Rectangular microcels are ava\\able for sl vlume messurements an come variety of
volumes and pathlengths. JASCO a disc for spectral ly2 or 10 mL for

Solvent Effects

“The buffer or solvent the sample is in willalso affect the CD spectrum. Solvents used for typically suffice, however be taken singa
Solvent for CD measurements: (1) solubility,(2) transparency in range being probed, (3) opt . {4) smpe stablty. Concalon 2 espectally impoctant fo seconday siuctres smmes inthe far-
UV, since many solvent 00 nm, as well has salts o buffers will may also d y @
reducing the S/N. Sugar-based formulation buffers not only absorb highly n the far-UV but and should b

Digital Integration Time and Scanning Speed

‘The digital integration time or D.LT. is the amount of time that the data is integrated over or the length of time the detector collects phots the signal to the for processing. The square root of
the D.LT. is proportional to the signal to noise, so the longer the D.T. the better the S/N. Increasing the D.LT. will have a more substantial effect when a sample's CD signal is small since there is less signal.

Th quickly th 1gh the sp: data points at pitch. When used de, the scanning speed must
be selected with an 11T to prevent distortion in “The following used when selecing the DL, and scanning speed

DLLT. x Scanning speeds FWHM/>
where FHWM is the full width at half the peak height of the target peak. Figure 12 llustrates the effects of the scanning speed and digital integration time on the far-UV CD spectra.

Accumulations

The number of spectral scans that obtained and gether are specified by the ‘The spectrum S/N 0 the square root of the product of the D.1.T. and number of
the number of L itwill also acquisition time. the number of d D.1.T, baseline drift and peak widths

should be taken into accournt.
CD Units

CD spectra are reported as ellpticity, 8 and measured in units of mdeg but can easily be converted based on the ser's application. Molar absorptivity (A€) normalizes the circular dichroism spectra based on concentration and
pathlength,

Be=sl-er=0a/(c1)=6/(c13298)

where ¢_e_r i the difference in the extent the left-(l) and right-(CJr) circularly polarized light ts are absorbed at a given wavelength, cis (mol/L), and is the
pathlenth(cm).
/hen anal

Yy , the number of id residt the protein must for and ellipticity is converted to mean residue molar ellipticity (MRME)
l6]] _MR=(-c)/R

where 8 is the ellipticity (deg), ¢ is the protein concentration in mol/L, | s the cell path length (cm), and R is the number of amino acid residues in the protein.
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