NUKLEOVE KYSELINY

MISCHER - nuklein (1868 - 1869)

Slozeni :

o Dusikaté baze - purmové, pyrimidinové
e Sacharid - ribosa, deoxyribosa

o H;PO,



Funkce :

DNA - nositel genetické mformace
o Viry
o Prokaryonta -cytoplazma

o Eukaryonta - jadro, mitochondrie, chloroplasty

RNA - realizace genetické nformace (n RNA virt 1 nosite] genetické

informace)
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Baze -tautomerie
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Monosacharidy

SUGARS

i-D-ribose
used in ribonucleic acid

PENTOSE

two kinds are used CH i
a five-carbon sugar

[i-0-2-deaxyribase
Each numbered carbon on the sugar of a nuclectide is used in deaxyribonucleic acid

fallowed by a prime mark; therefore, one speaks of the
“B-primea carbon,” eto.

OH



Nukleosid

BASIC SUGAR
LINKAGE
MNEglycosidic
bond
BASE

[he base is linked to

the same carbon (C1)
usad in sugar-sugar
bonds.



Kyselina fosforeCna

PHOSPHATES

I he phosphates are normally joined to
the Cf hydroxyl of the ribose or
deoxyribosa sugar (designated 5. Maono-,
di-, and triphasphates are commion.

i
r asin
f_'.l—l-'—'q'_'l—'lﬂlH; AME
a-
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Wl
00 Al
'U—T—U—I—'—U—P—D—EH as in

| | | 2 ATP
o~ 0~ (8
Ihe phosphate makes a nuclectide
nagatively charged.



Nukleotid

MUCLEOTIDES

A nucleatide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more

phasphate groups.

BASE
MH,
H'H. M
PHOSPHATE |
i *
I M o
T0—P—0O—LH:
- L
Muclectides
are the OH CH
subunits of SUGAR

the nucleic acids



Nazvoslovi

basa

o

BASE + SUGAR = NUCLEOSIDE

basa

ke

BASE = SUGAR + PHOSPHATE = NUCLEGTIDE

BASE

adening
guanines
Cytosine
uradcil

thymine

NUCLEOSIDE

adenosine
guanasine
cytidine
uridine

thymidine

&y

ABBR.

Mucleotides are abbreviated by
three capital letters. Some examples
Fol o

AP = adenosine manophosphatea
dAMP = decxyadenosine monaphosphate
UDFP = uridine diphosphate

A1F = adenosine triphosphate



Funkce nukleotidu
prenaSece energie (ATP, GTP, ligasy, hydrolasy)

fosforyla¢ni Cinidla (ATP - kinasy)

aktivatory meziproduktu biosyntéz - UDP glukosa
soucasti kofaktorti - NAD(P), FAD, PAPS,

vyuziti v terapii - antivirotika(AIDS, herpes) — AZT

stavebni slozky nukleovych kyselin



Polynukleotid — nukleova kyselina

phosphodiester
linkage

example: DNA




Struktura a funkce DNA

AT.G,C + deoxyribosa

Primarni struktura — sekvence basi

Sekundarni struktura - Watson, Crick (1933) - dvojsroubovice

+(Chragaffovy pravidla - pomer bazi v DNA
A+G=T+C A=T G=C A+C=G+I

*Donohue - baze v tautomernich ketoformach

sFranklinova -RTG difrakéni analjza



________

Unnumbered figure pg 9 Concepts in Biochemistry, 3/e



Chargaffovy pravidla
A+G=T+C A=T G=C

A+C=G+T
Zastoupeni basi v DNA (molarni %)
Organismus A T G C
Clovek 309 294 199 19.8
Kure 288 292 205 21.5
Kobylka luc¢ni 293 293 20.5 20.7
PSenice 273 27.1 227 22.8
Kvasinky 31.3 329 18.7 17.1
E. coli 247 23.6 26.0 25.7







Base pairs

I
Hydrogen
bonds
I
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Parovani basi — H mustky

Major groove CHj

Minor groove

Major groove

Minor groove




Stabilizujici vazby v DNA




Stohovani bazi




Denaturace - renaturace

Native (double helix) i

(random coil)



Relative absorbance
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Formy DNA

B-DNA -natwni 92 % H,0, No*
pravotoctva - 10 paru bazi na zivt

+A - DNA - 75 % H,0. rovna bazi 20

pravotociva - 11 par bizi na zavit

7 -DNA -d(CGCGCG)

levotoéiva - 12 pam bizi na zavit



B DNA
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Irving Geis/ Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission
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Irving Geis/ Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduc ed with permission

\ Minar

groove

e Major

>~ groove
c ©
I
Ges






Bakterialni DNA



Bakterialni DNA

Electron micrographs by Laurien Polder. From Kornberg, A. and Baker, T.A., DNA Replication (2nd ed.}, p. 36, W.H. Freeman (1392). Used with permission



Lidskeé chromozomy
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Chromozom




Chromozom
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Chromatin

AN AN AN AN

"beads-on-a-string”
form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

section of
chromosome in an
extended form 300 nm

condensed section
of chromosome
700 nm

ﬁ r—’/E—en tromere

entire
mitotic
chromosome

1400 nm

NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
IS 50,000x SHORTER THAN ITS EXTENDED LENGTH



Nukleosom

DMNA H1 histone

? Mucleosome

\'

Core of B Histone Molecules



Exon a intron

Gene

Exon constitute the mENA
and translated info profein

ntron Intervening sequence




Exon a intron

Transcription Translation ; :
DNA mRNA  tRNA ﬁﬁ'gigﬂ F’“'gﬁgﬁ'de

A T A—
C G c—1—4@ L
& g st

Exon = C G——*
A U A— *
T A U—
A U A——4 o

. B e e

C G C
T A U

Intron G C G
A U A
C G C

o G c___ G __ __ ___________ o

T A i
G e = 8 A
T A U—

Exon| a U A —
c G c——@ ®
T A mno
G G S
A U A————H N
A U an




Stanoveni sekvence DNA

* Restrikéni enzymy

* Chemicke Stépeni — Maxam Gilbertovo
metoda

* Enzymova metoda



Restrikéni enzymy

Enayms Reocagnitan Seguenoe” Microoranism

Adal AGLCYT Arshrobacter fdvs

TarH1 GeliATO*C Saciline oy vlnigireimciens H
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Restrikéni enzymy

(a) FEcoRI

|

55—G—A—AT-T—-C—3
Ll el L

—C—T-—T-AA—G—Y
A

i Cleavage site

(b) EcoRV

|

5—G-A-T-A-T-C- 3%
SRR
F—C—T-A-T-A-G Y

|

< Twofold symmetry axis



Restrikéni enzymy
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Restrikéni enzymy

Chromosome I Chromosome 11
DNA has DNA has only

3 target sites 2 of the target sites

1 2 3 1 S
O\YIM\’\O\\//\\//\\O\\//\\I\\O\\/% &0'6\\0\’\0\\0\\0\\0\\0\’\0\\0\“'&’)
| «— A ——>| <« B>| |- C |
Cleave with
restriction enzyme

and electrophorese

a C
Fragment C is

the size of
— A A + B combined



Maxam Gilbertova metoda

Maxam-Gilbertova metoda
— znaceni 3 konce *°P
— specificke chenucke stépeni

— elektrotoréza



Maxam Gilbertova metoda




RNA versus DNA
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Formy RNA
o mRNA - medidtorova, messenger,
mformacni - 5-10 %

+ RNA - nibosomalni - 80 %

tRNA - transterova, prenosova - 10-15 %

60 tRNA



tRNA
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Geneticky kod

tRNA
/

9

C

O

r Y
U C A anticodon AUG
5 A G U codon UacC mRNA 3
2nd base in codon

Phe | Ser Tvr Cys U
U Phe | Ser Tyr Cys C o
S Leu | Ser STOP | STOP A o
T Leu | Ser | STOP | Tmp G 9
o Leu | Pro His Arg u o
= C Leu | Pro His Arg C 5
o Leu | Pro Gln Arg A o
E Leu Pro Gln Arg G g_
- e Thr Asn Ser J g

- A lle Thr | Asn Ser c

lle Thr Lys Arg A

Met | Thr Lys Ary G

Val Ala Asp Gly U

G Val Ala Asp Gly [

Val Ala Glu Gly A

Val Ala Glu Gly G




G
C Codon 1
— U __
A
C Codon 2
G__|
=
A Codon 3
G__|
C
u Codon 4
U p—
c—
G Codon 5
G__|
A=
G Codon 6
C p—
o
A Codon 7
G_




— First reading frame start
Second reading frame start
VF Third reading frame start
=21

.G-.U.U.C .A .G.C.C.U.A .A .G.A.

|Cva Ceno Cpol Cus) oo
| Cere) Cser) (tw Cag oo

Third reading frame

Second reading frame
First reading frame




Centralni dogma mol.biologie




Centralni dogma mol.biologie

DNA 5 — A-G-A-G-G-T-G-C-T — 3
33— T-C-T-C-C-A-C-G-A— 5’

#

mRNA 5 — A-G-A-G-G-U-G-C-U— 3’

tRNAs U-C-U C-C-A C-G-A

Arginine Glycine Alanine

¢

Polypeptide —Arg—Gly—-Ala—




Prokaryota

(B} PROCARYOTES

DMNA,

TRANSCRIPTION

mEMNA e

Y TRANSLATION




(A)

Eukaryota

EUCARYOTES

cytoplasm
nucleus
|ntr-:| ns BXOnNs

gens
lTRANSCRIPTION

primary RMNA transcript

ADD §' CAP AND
RNA cap POLY(A) TAIL

AAAA,

l RMA SPLICING

mRNA () A AAA

| EXPORT
mRNA (— A AAA

l TRANSLATION
protein EEE—

(B)



Replikace DNA




Replikace DNA

(a) Semiconservative
replication

Figure 11-1 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

Parent DNA

First generation

(b) Conservative
replication



Meselsonuv a Stahluv experiment

DNA extracted from cells is mixed with CsCl

Step 1 solution and placed in centrifuge tube.

= | Step 3 Analysis
Centrifuge tube —

:

DNA molecules

[ move to positions where
their density equals that

of CsCl solution.

é

Solution is centrifuged for a
Step 2 few days at very high speed.
[

CsCl forms a

density gradient with

the greatest density
at the bottom.

Density gradient centrifugation

Figure 11-2a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Meselsonuv a Stahluv experiment

Direction of sedimentation

» Parent '’N-DNA
(both strands
heavy)
Heavy DNA
| Normal *N-DNA
! (with two light
- strands)
Light DNA

Preliminary experiment

Figure 11-2b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Meselsonuv a Stahluv experiment

Experimental results Conclusions

First generation:
Both DNAs con-
tain one light
and one heavy
strand.

Hybrid DNA
After one generation on

"N-NH,CI
/N

Light Hybrid
DNA DNA

After two generations on
“N-NH,CI

Two hybrid DNAs
and two light
DNAs are formed.

g g Second generation:

Actual experiment

Figure 11-2c Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Ucast enzymu na replikaci

Mew stand

o~ wingle-standed DINA
.. binding protemns
oA



Ucast enzymu na replikaci

Table 11.2
Proteins necessary for DNA replication in E. coli
Protein Function
Helicase Begins unwinding of DNA double helix
DNA gyrase Assists unwinding
SSB proteins Stabilize single strands of DNA
Primase Synthesis of RNA primer
DNA polymerase III Elongation of chain by DNA synthesis
DNA polymerase I Removal of RNA primer and filling in gap with DNA
DNA ligase Closes last phosphoester gap to form phosphodiester bond

Table 11-2 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Prokaryontni replikaci

Completed chromosomes

OLO

Terminus
fl‘ielpillcal:lon Newly
orks synthesized
strands

Original circular Original
chromosome strands
Figure 11-4 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Prokaryontni replikaci

DNA polymerase IIT
holoenzyme

(a) .
Sliding clamp

, Leading strand .
NANINONONINONE'
% ks

o] )
Growing Okazaki
fragment
(b)

new RMA primer

INUNVINININGN N GRININ

Completed Okazaki fragment RNA primer to be replaced

GNONONONONONONONON NG

DnaB protein

with DNA by Poll;

nick sealed by DNA ligase
fe)

BINUNINUNINONINONINININUIUNE 5+ N LN

QY

Mewly
initiated
Okazaki fragment

3
/‘Q\/ /7
5
Old Okazaki
fragment




Eukaryontni replikaci

Parent strands

Daughter strands ;T Origins of replication

vr

Replication Replication
forks bubbles

(b) : ?

(c)

(@

(e)

Figure 11-5 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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From Kreigstein, H.J. and Hogness, D.S., Proc. Natl. Acad. Sci. 71, 173 (1974)
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Motion of

» replication
fork

MO

Parental strands

3!

HHHHH

Leading strand

5!

Lagging strand (Okazaki fragments)

o m m 5’
5 !/
Figure 11-9 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Helicase

DNA gyrase
3 [

4

5!
ADP  + P,

ATP

Figure 11-10a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

3 &N

, Single-strand
binding proteins

Replication
fork

HH

Figure 11-10b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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DNA polymerase 111

3."
2 e
RNA primer
RNA primer
—N—
HIRN.é
S aTes o

|
Primase

Figure 11-10c Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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5 |SEScasmssssmmmssssss

Leading RNA

strand . Newly synthesized DNA

primer

Lagging ' -

strand First RNA primer

—N—

DNA polymerase 111

Figure 11-10d Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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DNA polymerase I DNA polymerase III
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g HH ] o
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RNA primer ; f
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being removed First RNA primer " azasl Second RNA > ' ‘»I-I»I
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DNA polymerase 1
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Figure 11-10e Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



DNA polymerase III

¥ OOQ
.

3!
i D
5 i »
DNA ligase ‘
Newly synthesized DNA
Third RNA A\ < "I‘I’II
AMP + PP, ATP Second RNA primer primer &
r——
3."
pHHIHHEHHHHTHIH H

-
DNA polymerase III

Figure 11-10f Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Template DNA

3 = i ‘ 5’
5’ % L > 3’
N'/k RNA DNA

i primer
dNTPs
D DNA polymerase I
pyrophosphate ion
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+ ATP
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Maxam Gilbertova metoda

GREECIICHGCHCIICC GG

Template strand 3" HO s
T G A T € G A T C€C G A
. ©

Primer strand L OH 3

Tube 1 Tube 4

dATP dATP dATP
dGTP + ddGTP dGTP dGTP
dTTP + ddTTP dTTP
dCTP dCTP + ddCTP

ACTA ACTAG ACT

Base 0] (0] 0] ACTAGCTA ACTAGCTAG ACTAGCT ACTAGC
%\‘ ACTAGCTAGCT ACTAGCTAGC
- ] ) / ) /
3¢
2 e T =1
I
H H — [
Figure 11-29 Concepts in Biochemistry, 3/e —— G |
£2006 John Wiley & Sons A |
S— | Y
Electrophoresis gel L T I Extension of
: primer strand
e C i
— o |
e A
— T |
50

Resulting X-ray image of primer strand sequence
& 8 T A G S T K G E T

OH 3"
olieliclicliclielieliclielielie

Figure 11-30 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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Table 13.3
Some Sequenced Genomes

Organism Genome size (kb) Number of
Chromosomes

Mycoplasma genitalium 580 Il
(human parasite)

Borrelia burgdorferi 1444 1l
(agent of Lyme disease)

Haemophilus influenzae 1830 1
(human pathogenic bacterium)

Mycobacterium tuberculosis 4412 1
(cause of tuberculosis)

Escherichia coli 4639 il
(bacterium)

Saccharomyces cerevisiae 11,700 16
(yeast)

Drosophila melanogaster 137,000 4
(fruit fly)

Oryza sativa 430,000 12
(rice)

Homo sapiens 3,200,000 23
(human)

Table 13-3 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Transkripce

Nascent RNA RNA Teae DNA template
5’ (5" — 3) polymerase 3 strand

ﬂ (3" —>5")
5’

I|||IIW

Transcription
bubble
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DNA |
NTP + (NMP), — P25 (NMP), . | + PP,

RNA Lengthened
RNA

Unnumbered figure pg337 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



5!
DNA
3!

Step 1

Coding strand

Template strand

R
5!‘

H_J
Promoter

o subunit binds to RNA polymerase;
o subunit recognizes promoter.
RNA polymerase binds to DNA

RNA synthesis is initiated

RNA
—

\ RNA

polymerase

Figure 11-22 part 1 Concepts in Biochemistry, 3/e

© 2006 John Wiley & Sons

e RNA polymerase

@

o subunit

HHHHHHHHHHH

o subunit dissociates from
> RNA polymeras.e; RNA-
polymerase begins moving
along the template strand

/- Ribonucleoside triphosphates ?
are used to synthesize RNA A

v [ X P




- H

\RNA ,,&: ,_1' A‘

polymerase

Step 2 RNA chain elongates

T‘P "':

/ Ribonucleoside triphosphates
Y

5!‘
3!‘

3}'
5.’

RNA transcript
5 !

Figure 11-22 part 2 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



RNA transcript

Step 3 p factor interacts with RNA polymerase;
transcription is terminated

RNA, DNA, RNA polymerase, and P
p factor are released

RNA polymerase

Rva 5 TP >
transcript

Figure 11-22 part 3 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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Syntéza RNA

% exon 1 %mna *é exon 3 é
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\ (RNA synthesis)
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Ovalbumin gene

|< 7700 bp >
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nucleotides

Figure 11-28 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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Regulace translace

(@) Absence of inducer
- lac operon —— »

Repressor binds to
operator, preventing
transcription of lac operon

Repressor

(b) Presence of inducer

aa—" P | I

polymerase lac MRNA

o
Inducer Transcription of
lac structural genes

Inducer-repressor
complex does not
bind to operator
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Polypeptide

Adaptors

Nucleic acid

Codon 1 Codon 2 Codon 3



Aktivace AMK

NH, NH,
Step 1
N N N -4 N
2 N
CO0 O (0] (0] RN | N> H O (0] L\\N | N>
= o I R wodf Lo I
HN—C—H+ 0 —P—0—P—0—P—0—CH, = HN —C—C—0—P—0—CH, + PP,
‘ . | _ | - aminoacyl-tRNA | =
) R ) o 0 0 H H H synthetase R 0 H
Amino acid
OH OH OH OH
ATP Aminoacyl-AMP
(or aminoacyl-adenylate)
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Table 12.4
Antibiotic inhibitors of protein synthesis

Antibiotic Mode of Action

Puromycin Causes early termination by mimicking the action of an aminoacyl-tRNA; acts on prokaryotes
and eukaryotes

Streptomycin Causes misreading of mRNA and inhibits initiation; acts on prokaryotes

Tetracycline Binds to the A site of ribosomes and blocks entry of aminoacyl-tRNAs; acts on prokaryotes

Erythromycin Binds to ribosome and inhibits translocation; acts on prokaryotes

Chloramphenicol Binds to 50S subunit and inhibits peptidyl transferase; acts on prokaryotes

Cycloheximide Inhibits translocation of eukaryotic peptidyl-tRNA

Linezolid Blocks formation of 70S initiation complex in prokaryotes
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Table 13.1
Recombinant proteins and their use

Protein

Use

Human insulin
Human somatotropin
(growth hormone)
Bovine somatotropin (BST)
Porcine somatotropin
Pulmozyme (DNase)
Tissue plasminogen activator (TPA)

Erythropoietin
Interferons

Atrial natriuretic factor
Leptin

Hepatitis B vaccine
Herceptin

Superoxide dismutase

Treatment of diabetes
Treatment of dwarfism

Enhances milk production in dairy cattle

Enhances growth in pigs

Treatment of cystic fibrosis

Treatment of heart attack, stroke victims;
dissolves blood clots

Stimulates erythrocyte production in anemia

Antiviral agent; treatment of cancers

Reduces high blood pressure

Treatment of obesity

Treatment of hepatitis

Monoclonal antibody to treat metastatic
breast cancer

Destroys reactive oxygen species;
treatment of arthritis
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Table 13.2

Human gene therapy projects currently in or preparing for clinical trials

Disease

Defective Protein, Gene, or Inserted DNA

Lesch-Nyhan syndrome

Amyotrophic lateral sclerosis
(ALS, Lou Gehrig’s disease)

Adrenoleukodystrophy (ALD)

Severe combined immunodeficiency
(SCID)

B-Thalassemia

Familial hypercholesterolemia

Hemophilia
Duchenne’s muscular dystrophy
AIDS

Inherited emphysema

Cystic fibrosis

Cancer

Hypoxanthine—guanine phosphoribosyl
transferase (Section 19.5)

Superoxide dismutase

Very long chain fatty acid synthetase
transporting protein

Adenosine deaminase

B-Globin, a polypeptide of hemoglobin

Liver receptor for low density lipoprotein
(LDL) (Section 18.5)

Blood-clotting factors
Dystrophin

The gene to produce a ribozyme that
cleaves HIV RNA

a-Antitrypsin

A product that unclogs lung mucus is inhaled

in a nasal spray

E1A and p53 tumor suppressor genes
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