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vysvétleni zakladnich principl uchovani, predavani a
exprese dédicné informace
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Chargaff's Rules
Tetranucleotide hypothesis originated in 1906: DMA is a "statistical tetranucleotide”.
During the 1950 s E. Chargaff showed a number of DINAs, which differ in their base content.
Chargaff’ s rules: 1. 6-amino residues = 6-keto-residues; in another expression A+C = 5+T;
2.py=pu; C+T=6+A 3. A/T=6/C=1 (consequence of combining equations 1 and 2)

Watson and Crick (1953} proposed their famous double-helical structure of B-form of DINA on the
ground of Chargaff’s rules

' X-ray diffraction of DINA fibers obtained by Maurice Wilkins and Rosalind Franklin

' Construction of molecular models

This structure consists of two antiparallel helical strands. One turn contains 10 residues in every
strand, the distance between bases is 3.4 A, the bases are almost perpendicular to the axis, the
phosphate group is @ A from the axis. Bases are specifically paired through hydrogen bonds - AT and
GC. The strands are complementary - hydrogen bonds between two strands, the bases are inside the
structure. Difference from o-helix in polypeptides. Further forms A and C (besides B): dependence
on humidity. The differences are principally in the tilt of bases and in the nhumber of residues per turn,
strands are commonly antiparallel, bases are stacked and base pairs located in one plane. It seems that
the B-form is the prevalent one in solution as well as in cells and viral particles.

Crick, Watson and Wilkins: Mobel Prize 1962

“The structure is produced like a rabbit out of a hat, with no indication as to how we arrived at it"

F. Crick, NATURE 248(1974) 766- on the occasion of the 21st anniversary of the discovery
(commenting their first paper in NATURE). What experimental evidence was available to W+C in 19537



X-RAY FIBER ANALYSIS OF DNA

represented the main evidence for the Watson-Crick double helix model
This method enabled analysis of high-melecular DNA, but brovided onlv few basic nnﬂ:mfers of the helix

such as

distance between base pairs
number of base residues per turn

Further data were derived from model building
considering the laws of structural chemistry

Base pairing from physical-chemical measurements %
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were fixed within certain limits .

Handedness of the helix
The direction of rotation was guessed
and then subjected to testing
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Figure 33-1. Purine and pyrimidine. The atoms are
numbered according to the international system.

Cislovani uhlikii ve zbytcich cukru:

2 1 2.5 narozdilod bdzi1,2,..5, 6 ..
C ] ¥ ] ]
C/ \I
‘N1 Y/l
1
OH OH

Sugar puckering

-0-2- deoxyribofuranose



Nucleoside
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Nucleotides/nukleotidy
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Fig-24 Sructures of some Common nucleotides. All are presented as their sodium salts in the state of ionization observed

SPOFTRARG Rolalion

“5(1>

Adenosine 3° §'-cyciic
phosphote {cAMP)

Fio. 2.11

at neutral pH

. 5.TAGGTCGA-3'
Y  3-ATCCAGCTS

Cp (C-3") x pC (C-5')
i e UpUp U-Up UpU

T
P

o bis- x di-phoSpha‘l'e.S (cg.A0P)

Adencsing 2 3 -cyChic
phosphobe

2 fosfaty na jedné pentose




Table 33-2. Many coenzymes and related
NH. =y compounds are derivatives of adenosine

monophosphate.
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Figure 33-11. S-Adenosylmethionine.
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Tonization of AMP
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Fig. 2.5 States of pratonation of adenosine 5'-phosphate (AMP) from strongly acidic solution (left) to strongly alkaline

solution (right).
3 S BUT, pK of base r*az'dues
in DNA may significantly differ!

Table 2.1. pK,values for bases in nucleosides and nuclectides |
Base Nucleoside 3 -Nucleotide — 5'-Nucleotide i
(site of protonation) y .

|
Adenine (N=1) 3.52 3.70 3.88 ,
Cytosine (N-3) 4.17 4.43 4,56 f
Guanine  (N-7) 3.3 (3.5) (3.6) |
Guanine (N=1) 9.42 9.84 10.00 '.
Thymine (N-3) 9.93 — 10.47 '
Uragil (N-3) 9.38 9.96 10.06

These data relate to 20°C and zero salt concentration. They correspond to loss of a
proton for pK, > 9 and capture of a proton for pK,; > 5.
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{a)

Between pH 5 and 9
DNA is a polyanion

with a single negative

charge per nucleotide

Fig. 2.15 Vanous diagrammatic ways of representing DNAC (a) showing p slarity and base pairing but no
helical twist; (b) showing helical twist and helix parameters but not base pairs; (<) showing helix and base

3.4 nm

{d)

pairs; (d) space-filling representation showing major and minor grooves
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Figure 33-5. The syn and anti conformers of adeno-
sine differ with respect to orientation about the N-gly-
cosidic bond.
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TABLE 1

Comparison of A-, B-, and Z-DNA

A-DNA" B-DNA* B'-DNA®
Helix sense right-handed right-handed right-handed

Base pairs per turn 11 10 10
Helix twist (°) 32.7 36.0 34.1, 36.8
Rise per base pair (A) 2.9 3.4 3.5 33
Helix pitch (A) 32 34 34
Base pair tilt (°) 13 0 0
P distance from helix axis (A) 9.5 9.3 9.1
Glycosidic orientation anti anti anti

Sugar conformation
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Figure 33-5. The syn and anti conformers of adeno-
sine differ with respect to orientation about the N-gly-






Viceretézcoveé struktury DNA

* triplexy
* kvadruplexy



Hoogsteenovo parovani (triady bazi)
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Triplex DNA
(homopurine-homopyrimidine stretch with mirror symmetry)

e.g. TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
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Tetraplex (kvadruplex)
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Struktura RNA

* tRNA, rRNA, mRNA... snRNA, siRNA, uRNA...

e transferoveé a ribozomalni RNA: slozité
terciarni (prostorové) struktury

* klicové funkce (pozdéji)



— A. Ribonucleic acids (RNAs)
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— B. Transfer RNA (tRNA™)
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— B. RNA

1. 55-rEMA
(118 nucleotides)

2. Phe-tRNA™™
(77 nucleotides)




Organizace DNA
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Opakovani zakladnich pojmu



. Nucleic acid bases
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— B. Nucleosides, nucleotides
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— A. DNA: structure
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