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Circular dichroism and optical activity of biopolymers
) CD — principle, quantities - ellipticity, AA, Ag, relation between ORD and CD

Optical activity property of a chiral molecule - the rotation of the plane of linearly polarized light traveling
through chiral materials

Chiral molecules (aminoacids, sugars) are those lacking mirror symmetry

Optical rotation of the plane of polarization (difference in refraction indexes —difference in propagation
velocity)

may be either to the right (dextrorotatory -D)
or to the left (levorotatory —L) depending on the stereoisomer (enantiomer) present

Specific rotation - characteristic quantity

Optical rotatory dispersion - ORD
is the the variance of specific rotation with
wavelength

Specific rotation
[a]", = a/cl
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Circular dichroism and optical activity of biopolymers

CD phenomenon — different absorption of the left-handed and right-haned
circularly polarized light.

quantity- ellipticity ¢ [0] tg6 =Dbl/a =¢g —¢eg g +eg=difference/sum
Circular dichroism Ae Ae=¢ —€cr - AA/cl, 0=3300. Ac ‘é
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CD of proteins

\
\_/

1
180 200 220 240 200 220 240 200 220 240
Alnm)




Preconditions of the origin of CD
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Conditions of the origin of CD
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Circular dichroism and optical activity of
biopolymers

) CD — principle, quantities - ellipticity, Ag, relation between ORD and CD

) Advantages and disadvantages of CD spectroscopy

Advantages
Enormous sensitivity - low concecntration of studied substances
easy solubility
even in extreme conditions
Easy manipulation - titraton
transition between different structures
whole conformational space

Discrimination between cooperative and non-cooperative changes

Disadvantages

no explicit relation between CD spectrum and structure of complex molecales
experience N




Interior of the CD apparatus
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corpulent

Long DNA molecules can be oriented by mechanical stroking. X ray diffraction
pattern obtained on these semicrystaline matter enables to determine some
periodicities of the DNA arrangement

M. Wilkins, R. Franklin, W+C oy
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Long DNA molecules can be oriented by mechanical stroking. X ray diffraction
pattern obtained on these semicrystaline matter enables to determine some
periodicities of the DNA arrangement
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Non-cooperative changes
within the same structure
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5CGCGCGLCGLCGLCGLCGLCGLCGLCGLGLCGLGLGLGLGLGLCGLGLL
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CD spectral changes accompanying B-Z transition of poly(dG-dC)
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Vorlickova, M., Sklenat, V., Kypr, J.: J. Mol. Biol. 166 (1983) 8§5-92
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1.2M CsF

43M CsF

-4 -5
31P NMR chemicat shift (ppmi )

X-DNA

Vorlickova, M., Sklenat, Vi, Kypr, J.: J. Mol. Biol. 166 (1983)85-92 42
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Inclination
/ Axis

Transition
Dipole

QL - inclination of the base normal from the helix axis

x - orientation of the inclination axis relative to the C, — Cs

bond of the purine base or the Cs — Cs bond for the
pyrimidine base

Inclin.  Buckie Propeller Helical Twist

20° 31° 40° 36° ApT
> 7 bp / turn
| 66° TpA




ALTERNATING A-T FRAGMENT WITH HOOGSTEEN BASE PAIRING

Proc.Nat.Acad.Sci.USA , 99, pp. 2806, 20()'2.
Biochemistry , 43, pp. 4092 - 4100, 20084 2




GCGCGC
CGCGCG

ATATAT
TATATA

ACACAC
TGTGTG

Alternating (Pu-Py)_

poly(dG).poly(dC)

GGGGGG
CCCCCcCC

AAAAAA
TTTTTT

AGAGAG
TCTCTC

(Pu), . (Py), complexes




DNA Triplex
Pyrimidine. Purine. Pyrimidine
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DNA TRIPLEX
TCCTCCTTTTTTAGGAGGATTTTTTGGTGGT
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The triplex formation determined by mixing curves
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CD spectra reflecting formation of a
guanine quadruplex

RNA
DNA
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d(TAGGGTTAGGGT)

G20
External TTA loops

Parkinson, G.N., Lee, M.P.H, Neidle, S.
Nature 417 (2002) 876-880.

200\

d[AGGG(TTAGGG)3]




Human telomeric DNA forms quadruplex

Telomere DNA
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Telomerase — does not get older — ageless, immortal
Quadruplex does not allow telomerase to get on the sequence

The telomere quadruplex became a
target for developing anticancer drugs




Guanine quadruplex topology of human telomere DNA 1s governed by the number of (TTAGGG) repeats.

Nucleic Acids Res. 33 (2005) 5851-5860.
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10How does the structure of the long telomere DNA look like?

Xu, et al.
Angev. Chemie (2009)
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What is the structure of the bead?
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What may be the reason that different quadruplex structures were observed by various methods?




Whai imay be iie reason that different quadruplex structures were observed by various methods?
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The arrangement of the human
telomere quadruplex is polymorphic
AGy(TTAG;); and
Ga(TTAG)1s depends on DNA concentration.
260 300 The particular structures may perform

wavelength [nm| distinct functions.
Renciuk et al.: Nucleic Acids Research 37 (2009) 6625-6634




CD spectroscopy and conformational properties of nucleic acids

) What is optical activity, chiral metters, optical rotation, circular dichroism
) Wat are the (two) conditions for the origin of CD effect
) What components are responsible for CD of nucleic acids and proteins

) What are the advantages of CD spectroscopy as compared with other methods of the
structural studies of biopolymers

) What is the substance of the unigue sensitivity of CD to structural changes in NA
) What is optical rotatory dispersion and Cotton effect
) What is the difference between cooperative and non-cooperative changes

) Global characteristics of the forms B, A and Z DNA (particulary the grooves, an inverse
topology of base pairs in the case of the Z-form

) some examples of non-canonical forms of DNA

Types of four-stranded arrangements of NA
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CHIROPTICKE METODY

Opticka rotac¢ni disperze-ORD

Zavislost uhlu stoceni roviny polarizace linearné polarizovaného svétla priuchodem
opticky aktivni latkou na vinové délce prochazejiciho zareni. (180-800 nm)

Cirkularni dichroismus-CD

Zavislost rozdilu absorpce pro vlevo a vpravo kruhové polarizované svétlo na vinové
délce absorbovaného zareni v oblasti energii elektronovych prechodi. (180-1000
11011))

Infracerveny cirkularni dichroismus-IRCD (VCD)

Zavislost rozdilu absorpce pro vlevo a vpravo kruhové polarizované svétlo na vinové
délce absorbovaného zareni v oblasti energii vibracnich prechodi. (1-5 um)

Fluorescencné detegovany cirkularni dichroismus-FDCD

Zavislost rozdilu intenzity fluorescence, excitované vlevo a vpravo kruhové
polarizovanym svétlem na vinoveé délce excitacniho zareni. (~ 200 nm azZ vinova
délka emise)

Cirkularné polarizovana luminiscence (emise)-CPL (CPE)

Spektralni pribéh rozdilu intenzit (spontianni) emise vlevo a vpravo cirkularné
polarizovaného svétla. (Interval vinovych délek emise chromoforu)

Cirkularni diferencialni Ramanuv rozptyl-Raman CID

Spektralni pribéh rozdili intenzit Ramanova rozptylu vlevo a vprave kruhové
polarizovaného dopadajiciho zareni. (Interval vinovych délek Ramanova jevu)




