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 Principles of circular dichroic (CD) spectroscopy

* Advantages and drawbacks of the use of CD
spectroscopy to proteins and nucleic acids studies

 Characteristic CD spectra of particular nucleic
acids types

» Structural properties of nucleic acids - fresh
findings




Cirkularni dichroismus a opticka aktivita biopolymeru

) opticka aktivita — chiralni latky (aminokyseliny, cukry) uhel stoCeni roviny
polarizovaného svétla, ORD

) CD - princip, veli€iny, elipticita, AA, Ag, vztah mezi ORD a CD
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CD of proteins
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Podminky vzniku CD DNA
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Cirkularni

) CD — princip, veliCiny, elipticita, AA, Ag, vztah mezi ORD a CD

) Vyhody a nevyhody CD spektroskopie ve srovnani s jinymi metodami

dichroismus a opticka aktivita biopolymeru

) opticka aktivita — chiralni latky (aminokyseliny, cukry) uhel stoCeni roviny
polarizovaného svétla, ORD

studia biopolymaru

Vyhody

Citlivost - nizka koncentrace studované latky

snadna rozpustnost
| v extrémnich podminkach

Snadna manipulace - titrace

pfechody mezi raznymi strukturami
cely konformacni prostor

Rozliseni mezi kooperativhimi a nekooperativhimi zménami

Nevyhody

Pro slozité molekly jakymi je DNA chybi explicitni vztah mezi spektrem CD a strukturou
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Nekooperativni zmény
v ramci téze struktury

lvanov, V.1
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Nekooperativni zmény
v ramci téze struktury
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CD spectral changes accompanying B-Z transition of poly(dG-dC)
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Helix Axis Base Normal
o

Inclination
/ Axis

Transition
Dipole

LD =A-A

Linearni dichroismus

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 C¢ — Cs bond for the
pyrimidine base

Inclin. Buckle Propeller Helical Twist

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




ALTERNATING A-T FRAGMENT WITH HOOGSTEEN BASE PAIRING

Subirana, J.: Proc.Nat.Acad.Sci.USA , 99, pp. 2806, 2002.
Biochemistry , 43, pp. 4092 - 4100, 2004.




GCGCGC
CGCGCG

ATATAT
TATATA

ACACAC
TGTGTG

Alternating (Pu-Py)_

poly(dG).poly(dC)

GGGGGG
CCCcCCC

AAAAAA
TTTTTT

AGAGAG
TCTCTC

(Pu), . (Py), complexes




DNA Triplex
Pyrimidine. Purine. Pyrimidine




DNA TRIPLEX
TCCTCCTTTTTTAGGAGGATTTTTTGGTGGT

Pyrimidine. Purine. Purine




The triplex formation determined by mixing curves
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Transcription
altered




i - tetraplex
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CD spectra reflecting formation of a
guanine quadruplex
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d(TAGGGTTAGGGT)

G20
External TTA loops

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

d[AGGG(TTAGGG)3]




Human telomeric DNA forms quadruplex

Telomere DNA
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5'-TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGG......3’

The telomere quadruplex became a
target for developing anticancer drugs




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

Xu, et al.
Angev. Chemie (2009)
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Different quadruplex structures of human telomere DNA sequence were observed by various methods




In nucleosid¢s;
200 mM

120 mM

55 mM

16 mM

0.8 mM
(0.1 mM)

The arrangement of the human

telomere quadruplex is polymorphic
AGH(TTAG;)3 and

Gs(TTAGs)16 depends on DNA concentration.

260 300 The particular structures may perform

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




CHIROPTICKE METODY

Opticka rotac¢ni disperze-ORD

Zavislost uhlu stoceni roviny polarizace linearné polarizovaného svétla prichodem
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 prechodu. (1-5 um)

Fluorescen¢né detegovany cirkularni dichroismus-FDCD

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

Cirkularné polarizovana luminiscence (emise)-CPL (CPE)

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

Cirkularni diferencialni Ramanuv rozptyl-Raman CID

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




B - A transition

B - Z transition
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QUADRUPLEXES

G - antiparallel C - intercalated
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