NUKLEOVE KYSELINY

1. H. Braconnot (30. 1éta 19. stoleti)
- Strassburg — vinn¢ kvasinky — izolace ,,matiére animale®.

2. J.E. Meischer (1868-1869)
- experimenty z hnisem a mli¢im rynského lososa — NUKLEIN

3. Altman (1899)

pokracoval v experimentech svého predchidce ( Zivocisné tkané — thymus a kvasinky) — nazyva
izolovanou latku — kyselina nukleova - DNA

4. Leven (1909)
—izoloval z NK Kkyselinu fosfore¢nou , cukr a baze — pojmenoval dalSi typ NK — RNA

5. Avery, MacLeod ,McCarty (1943)
DNA pienasi genetickou informaci — infek¢ni princip
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NUKLEOVE KYSELINY

1. H. Braconnot (30. 1éta 19. stoleti)

- Strassburg — vinn¢ kvasinky — izolace ,,matiére animale®.

2. J.F. Meischer - experimenty z hnisem a mli¢im rynského lososa — NUKLEIN

3. Altman — pokracoval v experimentech svého predchiidce
( zZivocisne tkan€ — thymus a kvasinky) — nazyvéa izolovanou latku — kyselina nukleova - DNA

4. Leven (1909) —izoloval z NK kyselinu fosforecnou , cukr a baze — pojmenoval dalsi typ NK
— RNA

5. Avery, Macleod ,McCarty (1943) DNA prenasi genetickou informaci — infekéni princip

6. Watson, Crick, Wilkins,(1953) — model sekundarni struktury DNA — Nobelova cena 1962




NUKLEOVE KYSELINY

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)
- Ribozymy - biokatalyzatory
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Monosacharidy

SUGARS

fi-o-ribose

used in ribonucleic acid

PENTOSE

) twio kinds are used
a five-carbon sugar

[i-0-2-deaxyribase
Each numberad carbon on the sugar of a nuclectide is used in deaxyribonucleic acid
followed by a prime mark; therefore, one speaks of the

“S-prime carbon,” eto.




Nukleosid

BASIC SUGAR
LINKAGE

MNEglycosidic
bond

[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.
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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:
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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
ade
guarf=E]
eyfidine]
thyrfidne]

&y

ABBR.

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

AMP = adencsinelmanophosphatal

dAMP = decxyadenosine monaphosphate
WP = uridine
ATP = adenosineffiiphosphate |




Funkce nukleotidu
prenaSece energie (ATP, GTP)

fosforylacni ¢inidla (ATP — kinasy)

aktivatory meziproduktu biosyntéz — UDP-glukosa,
CTP-cholin

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



Crick

Watson . 1 X

Unnumbered figure pg 9 Concepts in Biochemistry, 3/e



Chargatfovy pravidla



Chargaffovy pravidla

Z.astoupeni basi v DNA (molarni %)

Organismus A T G C
Clovék 309 294 199 198
Kuie 28.8 29.2 205 21.5
Kobylka lu¢ni 29.3 293  20.5 20.7
PSenice 273 27.1 227 22.8
Kvasinky 31.3 329 187 17.1
E. coli 247 23.6 26.0 25.7

nezavisi na tkani

nezavisi na stari
nezavisi na nutric¢nich faktorech
nezavisi na zivotnim prostiedi
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Rosalind Franklin




Obrazek 51

x-rmmmmmmm The ‘X' in the centre of Photo 51 :
and their diffracted paths were captured was caused by the helical shape of
on sensitised paper — creating Photo 51 the DNA molecules in the sample




Nobelova cena 1962

Francis Hany James Dewey Maurice Hugh
Compton Crick Watson Frederick Wilkins
(1916-2004) (1928 -) (1916-2004)
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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)
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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
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Lakladni ciselné charakteristiky tiinejznameéjSich helikalnich forem DNA
Atribut A-DNA B-DNA Z-DNA

Tociva tendence Sroubovice (chiralita)!)  [pravotociva  pravotocva | Levotoéiva

Opakovini oo kaidém pi Egrllj‘dzdem o kazdjch dvou

narech
Otodent po kazdém opakovan.! Nk My
Prumemy podet pari na jedno ofocent T 103 B
stoubovice!!
Sklon péru k osel” )’ (©° 7
Vzestup vt ose na jeden par'! LSAQL SA0M 374037 m)
) )

Priimer!” BAQ3m) 20AQ200m) 18A (L8 nm)



http://cs.wikipedia.org/wiki/A-DNA
http://cs.wikipedia.org/wiki/A-DNA
http://cs.wikipedia.org/wiki/A-DNA
http://cs.wikipedia.org/wiki/B-DNA
http://cs.wikipedia.org/wiki/B-DNA
http://cs.wikipedia.org/wiki/B-DNA







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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Jadro — mitoticky chromozom

5 — 8 um — DNA 2 metry
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Chromatin

AN AN AN AN

Nukleosom
(koralky)

"beads-on-a-string”
form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

(civka)

section of
chromosome in an
extended form

(smycka)

condensed section
of chromosome

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 — DNA + 5 trid histonu

DMNA H1 histone

? Mucleosome

\'

Core of B Histone Molecules

2xH2A -2xH2B -2xH3 -2xH4



Exon a intron

Gene

Exon constitute the mRNA 5 %
and translated info profein

ntron Intervening sequence 95 %




Exon a intron

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

v poCatku evoluce genu urychlovaly vznik
novych bilkovin pomoci rekombinace exonu

* moznost tzv. alternativniho sestifihu, kdy muze
vznikat na zakladé vyvojoveho stadia bunky
hned n€kolik ruznych typu mRNA - z jednoho
genu tak muze vznikat nékolik riznych
bilkovin



Stanoveni sekvence DNA

Restrikéni enzymy

Chemicke Stépeni — Maxam Gilbertovo
metoda

Enzymova metoda

Pyrosekvenovani



Restrikéni enzymy

Enayms Reocagnitan Seguenoe” Microoranism

Adal AGLCYT Arshrobacter fdvs
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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

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



Restrikéni enzymy
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Maxam Gilbertova metoda

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

— elektrotoréza



Maxam Gilbertova metoda

S AAGTTAGCCTCAGTT - 3

- TTCAATCGGAGTCAA EL N
dsDNA znacena na 5 - koncich

Separace Fetézcd.

+
CHREY AAGTTAGCCTCAGTT EEN
ssDN.A
T
G

V kaZdeé zkumavce je DNA sStépena chemickym
cinidlem, které selektivné Stépi jedern nebo dva typy bazi.
|

Separace vytvorenych fragmentd elektroforézou.

¥

Autoradiografie
a odecet sekvence
z autoradiogramu.

i

M PEEO-HAPOOO-HORH=H W

G A+yG T+C C



Maxam Gilbertova metoda
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Kyselina a piperidin dimetylsulfat a piperidin  Kyselina, NaCl a piperidin hydrazin a piperidin



Maxam Gilbertova metoda

é—

MY AAGTTAGCCTCAGTT JEN



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

« RNA -ribosomalni - 80 %

60 tRNA

1993 Victor Ambrose

miRNA - microRNA

tRNA - transferova, pfenosova - 10-15 %

nucleus

cytosol *
\W’/MQ pre-miRNA

7 T miRNA/miRNA*
duplex

FERRTTRNNTN] miRNA
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Centralni dogma mol.biologie

Crick 1958 - cesta od NK k proteinu

DINA

Replication
l,ll'lfﬂir mah'-urlt DHa duplicates

P PLNI VLU SEFRIIERY

S\i\I\M/? Transcription

PHA synthesiz
RINA W

DNA

nucleus
~ mem
\..__ Infarmalion /
‘,' i' cytoplasm
Translation
Protein synthesis

Protein



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)



zdvojeni - DNA—DNA

Replikace




Replikace DNA

Parent DNA g
& A } A
First generation %
(a) Semiconservative (b) Conservative
replication replication

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



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



Ultracentrifugace



Preparativni ultracentrifuga




Rotory

« Uhlovy — diferencialni centrifugace

* Vykyvné — zonalni centrifugace



Diferencialni centrifugace

« opakovana centrifugace se zvysujici se rychlosti
otacek = gravitaci

Dekantace
supernatantu

o

3000g/10 min

1000g/10 min

ctlcC.




Uhlovy rotor

ML = —

D0 =mrA=s~300300)

8.0

6.0

4.0
Volume (mL)

2.0

0.0



Gradientova centrifugace

Hustotni bariera Diskontinualni Kontinualni




Gradientova centrifugace

Hustotni bariera Diskontinualni Kontinualni

000900
OOO0000




Vykyvny rotor

)

c - 40%
o "
. c - 30%
it l || L 20%
i T i | :
v ‘;" | /
Figure 2 ©i | - 10%
n —— | . 0%
50 40 30 20 10 0.0

Volume {mL)



Gradientova centrifugace
media
Sacharosa

\ o
Glycerol } Hypertonicke prostredi

Ficoll - dextran ( Nutno pfipravit gradient

Percoll — S10,

J

CsCl 3 Gradient vznika béhem centrifugace
Cs,SO,



Gradientova centrifugace

Minimum Mixing
density chamber
solution

\

Peristaltic pump

Stirrer

Centrifuge tube



Gradientova centrifugace

|lzopyknicka Nerovnovazna



Gradientova centrifugace

Rate-zonal centrifugation

Sample

g force

g

+++
g force Time TN




Gradientova centrifugace



Diferencialni versus gradientova
centrifugace
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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



Replikace

DNA + NTP +Mg2* + 7 enzymu

Mew stand

o~ wingle-standed DINA
.. binding protemns
a4,



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 replikace

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 replikace

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




Replikace u E.coli

Figure 11-3 Concepts in Biochemistry, 3/e



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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1981 - Jorgenson Lukacsova

CLIN. CHEM. 27/9, 1551-1553 (1981)

Free-Zone Electrophoresis in Glass Capillaries

James W. Jorgenson and Krynn DeArman Lukacs

A simple theory of zone electrophoresis in open-tubular
capillaries is developed. According to this theory, to
achieve the highest resolution of zones, tubes with as small
an inside diameter as possible should be used in combi-
nation with as high an applied voltage as feasible. To test
this approach, we performed electrophoresis in glass
capillaries with an internal diameter of 75 um and a length
of 100 cm. A special fluor detector was used to
detect fluorescent zones while they migrated inside the
capillary. With the application of 30 kV potentials to this
system, rapid and efficient separations of amino acids,
peptides, and urinary amines were demonstrated. In all
cases fluorescent derivatives were necessary for detec-
tion. Preliminary results are encouraging, and with further
development of sensitive d ion devi licati

small diameter simultaneously facilitates heat transfer as well
as stabilizes the medium. Regardless of the diameter, some

radial temp dient will persist. H , this tem-
perature gradient is undesirable only to the extent that a
ignificant fraction of the solute molecules making up a zone

spend longer than average times migrating within “cool” or
“hot” regions of the tube radius. Here a more subtle effect of
reduced tube diameters comes into play. If the diameter is
small enough that solute molecules diffuse back and forth
across the tube many times during their migration, then the
probability that a significant fraction of molecules will spend
excessive amounts of time in any one portion of the tube ra-
dius is greatly reduced. Thus the solute molecules have an

llent chance of traveling th hout all portions of the
tube radius, and any variations in migration velocity will tend

oy

in clinical analyses may be feasible.

to -age out.
To summarize, the possible advantages of performing zone
electrophoresis in open tubes of small diameter are:

F
|
D
E
AB
I
|
c k J
| G
|- —
L 1 L L 1
0 5 10 15 20

Time (minutes)

Fig. 1. Electropherogram of dansyl amino acids
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Pyrosekvenovani

* Prvni reakci je DNA polymerace pomoci DNA polymerazy,
kdy dochazi k zarazeni prisluSneho deoxynukleotid trifosfatu
(dNTPs) za uvolnéni pyrofosfatu.

(DNA)n + dNTP — (DNA)n+1 + PPi (polymeraza)



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

* Prvni reakci je DNA polymerace pomoci DNA polymerazy,
kdy dochazi k zarazeni prisluSneho deoxynukleotid trifosfatu
(dNTPs) za uvolnéni pyrofosfatu.

(DNA)n + dNTP — (DNA)n+1 + PPi (polymeraza)

» Vznikly pyrofosfat je uvolnén z polymerazy a muze slouzit
jako substrat pro ATP sulfurylazu. Pti1 této reakci dojde ke
kvantitativnimu pievedeni pyrofosfatu na ATP.

PPi+ APS — ATP + SO,*> (ATP sulfurylaza)



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

« Bdéhem tieti a ¢tvrté reakce je ATP prevedeno na svételny signal
pomoci enzymu luciferazy a nasledné je svételny signal
detekovan a vyhodnocen programem.

Luciferaza + D-luciferin + ATP — Luciferaza-luciferin-AMP + PPi

Luciferaza-luciferin-AMP + PP1 + O2 — Luciferaza +
Oxyluceferin + AMP + CO2 + svétlo



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



Pyrosekvenovani

» Posledni enzymatickou reakci je reakce apyrazy, kterd odstrani
nezainkorpovane nukleotidy a ATP, aby nasledné mohlo dojit k
zopakovani celého vySe popsaného procesu a mohlo byt
analyzovano zarazeni dalSiho nukleotidu. Tato degradace je
nezbytna, aby bylo zajiSténa synchronizace mezi syntézou a
detekci svételného signalu.

ATP—AMP + 2P1 (apyraza)

dNTP—dNMP + 2 Pi (apyraza)



Pyrosekvenovani

Ilterative additions

b = dATP » dCTP » dGTP = dTTP
dCTP
m...AGCGTCA AAATTG..
TCGCAGT DNA polymerase

Primed Template
PPi



454 pyrosekvenovani

Technologie vyuziva paralelni sekvenace: vice nez

-2 milion sekvenci zaroven.

-Lze ziskat aZz 1GB (gigabazi) informace béhem jedné
analyzy (cca4.5 h).

Vyuziti:
-sekvenace genomU (nahodné nastépena genomova

DNA je sekvenovana a sestavena)

- studium metagenomut (4. souhrn vsech gend,
pfitomnych v daném prostfedi, pouziva se DNA
extrahovana ze vzorku pldy, vody, sedimentu,
mikrofldry streva ad.)

- tzv. amplikonové sekvenovani. Vlastni sekvenaci Zafzeni je velmi nakladné (cca 17
pfedchazi PCR zacilena na 16S nebo 18S geny mil. K¢), analyzy jsou ale dostupné
prokaryot a eukaryot komercné, takze vétsina laboratofi v

soucasnosti vyuzZiva sluzeb externich
- analyza typu ,shotgun® — veskera DNA / RNA, sekvenachich stredisek.

ziskana ze vzorku



Sekvenovani
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DO First-generation
capiliary
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Year

Stratton et al. 2009 Nature 458:719-724




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
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Real time PCR

1. Navazani: SYBR® Green | se vaZe b&hem kaZdeho
cyklu na dvouviaknovou DMNA.

I ] L A
—0- 8- -®- -0 -0-
oo e RS il B 3o

T == o

2. Denaturace: Ve fazi denaturace DNA je SYBRE
Green | uvolnén z vazby na DNA a celkova fluorescence
dramaticky klesa.

3. Polymerizace: B&hem annealingu primerd a elongace
retézce se Sybr Green opét zadina navazovat na
vznikajici dvouvlaknowvou DMNA - fluorescence stoupa.

FORWARD: PRIMER
RS S — L]
— i —
1

L] L

4. Ukonéeni polymerizace: Emitovana fluorescence
dosahuje maxima.

T T T T

1. Polymerizace: Fluorescengni substrat (reporter - R) a
jeho zhase& (Q) jsou navazany na 5 a 3' kence TagMan
sondy.

N FORWARD PRIMER Q PROBE QT

3 '
51 3!
5

REVERSE PRIMER

2. Elongace fetézce: Dokud je sonda intaktni zaZeni
emitované substratem R je pohlcovano blizkym
"zhaseiem".

; R_o.
E 5
5‘ L]

3. Odstépeni: kdyZ Tag polymeraza dorazi k zacatku
sondy, postupnég ji edehlipuje aZ odStépi fluorofor. Ten se
timto oddali od zhaSece a emitovaneg svétlo prestane byt
pohlecovano - detekovana fluorescence stoupa.

\.If

- il N o 03.

4. Polymerizace ukonéena: reporterova barva oddé&lena
od zhafele emituje charakteristickou fluorescenci.

o R 8

5 /l*'

5 .




Real time PCR
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Real time PCR




Real time PCR

& LightCycler® 480 Software release 1.5.0 - ﬂlﬁl

Instrument:  No active instrument Database: My Computer (Research)
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Real time PCR proteinu
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Real time PCR proteinu
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RNA polymeraza
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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
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Synt¢za eukaryontni RNA

% exon 1 %mna *é exon 3 é
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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
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Inducer Transcription of
lac structural genes
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bind to operator
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Translace — preklad - RNA—protein
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Ribozomy

— 23S rRNA
508 —> 5S rRNA
—> 34 proteins
70S
—> 16S rRNA
30S

—> 21 proteins

(a) Prokaryote

Figure 12-1 Concepts in Biochemistry, 3/e
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Ribozomy E.coli

Courtesy of James Lake, UCLA



Polyribozomy Bombyx mori
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mRNA + IF + 308 subunit
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Posttransla¢ni modifikace

fosforylace/defosforylace — enzymy kindzy a fosfatazy pripojuji €1 odpojuji
fosfatovou (PO,*") skupinu k proteinu na jeho serinové / threoninové
zbytky nebo tyrosinové zbytky. Fosforylace/defosforylace Casto pusobi
jako prepina¢ mezi aktivni a neaktivni formou proteinu.

glykosylace — napojovani sacharidu na protein. Sacharidové zbytky jsou
nejCastéj1 pripojovany na serin/ threonin — v pripadée tzv. O-glykoproteind,
nebo asparagin v pripadé N-glykoproteinu. Navazani sacharidii mize
stabilizovat konformaci proteint; sacharidové slozZky mnoha proteinu se
ucastni rozpoznavacich interakci (protein-sacharidové a nové objevené
sacharid-sacharidoveé interakce)



http://cs.wikipedia.org/wiki/Fosforylace
http://cs.wikipedia.org/wiki/Kin%C3%A1za
http://cs.wikipedia.org/wiki/Fosfat%C3%A1za
http://cs.wikipedia.org/wiki/Serin
http://cs.wikipedia.org/wiki/Threonin
http://cs.wikipedia.org/wiki/Tyrosin
http://cs.wikipedia.org/w/index.php?title=Glykosylace&action=edit&redlink=1
http://cs.wikipedia.org/wiki/Sacharidy
http://cs.wikipedia.org/wiki/Serin
http://cs.wikipedia.org/wiki/Threonin
http://cs.wikipedia.org/w/index.php?title=O-glykoproteiny&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=O-glykoproteiny&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=O-glykoproteiny&action=edit&redlink=1
http://cs.wikipedia.org/wiki/Asparagin
http://cs.wikipedia.org/wiki/N-glykoprotein
http://cs.wikipedia.org/wiki/N-glykoprotein
http://cs.wikipedia.org/wiki/N-glykoprotein
http://cs.wikipedia.org/w/index.php?title=Protein-sacharidov%C3%A9_interakce&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Protein-sacharidov%C3%A9_interakce&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Protein-sacharidov%C3%A9_interakce&action=edit&redlink=1

Posttransla¢ni modifikace

ubikvitinace — pripojeni malého proteinu ubiquitinu k upravovanému
proteinu pres aminokyselinu lysin ( jeji volny —NH, konec). Pfipojovani
ubiquitinu na proteiny slouzi jako molekularni hodiny, které urcuji stari
proteinu. Proteiny s mnoha navdzanymi ubiquitiny jsou degradovany v
cytoplasmé pomoci proteazomu. Kromé této funkce, specifické navazani
ncékolika molekul ubiquitinu slouzi k regulaci funkce nékterych proteinu

sumoylace - pfipojeni proteinu SUMOI, regulace funkce proteint.

proteolyza — odStépeni ¢asti molekuly proteinu — vede Casto k aktivaci nebo
desaktivaci funkce proteinu.



http://cs.wikipedia.org/wiki/Ubikvitinace
http://cs.wikipedia.org/wiki/Ubiquitin
http://cs.wikipedia.org/wiki/Lysin
http://cs.wikipedia.org/wiki/Proteazom
http://cs.wikipedia.org/wiki/Sumoylace
http://cs.wikipedia.org/wiki/SUMO
http://cs.wikipedia.org/wiki/Proteol%C3%BDza

Posttransla¢ni modifikace

acetylace — acetylace koncove —NH, lysinu snizuje jeho bazicitu a
zeslabuje tak 1ontové interakce

hydroxylace — hydroxylace prolinu nebo lysinu v kolagenu, slouzi ke
stabilizovani specifické konformace molekuly kolagenu (trojita
Sroubovice).

disulfidické mustky - oxidace dvou -SH skupiny cysteinu na -S-S-

vazba prostetickych skupin — napt. FAD, FMN, hem, nutn¢ pro funkci
nékterych enzymu



http://cs.wikipedia.org/wiki/Acetylace
http://cs.wikipedia.org/wiki/Hydroxylace
http://cs.wikipedia.org/wiki/Prolin
http://cs.wikipedia.org/wiki/Lysin
http://cs.wikipedia.org/wiki/Kolagen
http://cs.wikipedia.org/wiki/Disulfidick%C3%BD_m%C5%AFstek
http://cs.wikipedia.org/wiki/Cystein
http://cs.wikipedia.org/wiki/Prostetick%C3%A1_skupina
http://cs.wikipedia.org/wiki/Flavinadenindinukleotid
http://cs.wikipedia.org/wiki/Flavinmononukleotid
http://cs.wikipedia.org/wiki/Hem
http://cs.wikipedia.org/wiki/Enzym
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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

Table 12-4 Concepts in Biochemistry, 3/e
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Step 1. Obtain gene to be Gene to be mRNA encoded
transferred. transferred by gene o be

— transferred :
Nucleotides

restriction reverse

endonuclease transcriptase chemical

synthesis

Discarded
DNA —_—
fragments

Gene o be transferred

Steps 2 and 3. Attach gene to vector (with sticky ends)

Plasmid arn:
or restriction ) ?;é':::%‘;g‘; ll:;}‘iﬂc
endonuclease Sticky pairing

viral vector '\ < ends

DNA ligase

L J

Gene attached to vector
(recombinant DNA)

Steps 4 and 5. Introduce recombinant

DNA into host cell. . .
introduce into
host cell (transformation)

Genetically altered host cell
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k tetracyklinu DNA insert
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Vyuziti AC pro purifikaci
rekombinantnich proteinu
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Green Fluorescent Protein
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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

Table 13-1 Concepts in Biochemistry, 3/e
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lytic infection
PR S— InfectiveX phage
¢ ¢ containing foreign
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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

Table 13-2 Concepts in Biochemistry, 3/e
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Pouziti restrikénich enzymu - RFLP
Restriction Fragment Length Polymorphism
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Short tandem repeats

Repeat moncimer

P 7]

REITH]

=3 =}

AT 50 1.75 1.0 0.2

C/G 41 0.12 1.1 0.4

AG/CT 27 0.27 2.8 0.24
AC/GT 20 0.3 2.8
AT/TA 25 0.78 2.8
CG/GC 10 0.02 2.8

AAC/GTT o 0.22 3.5 0.55
AAG/CTT 12 0.053 3.5
AGG/CCT 11 0.077 3.5




Short tandem repeats
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Short tandem repeats
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Short tandem repeats
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Testy paternity

ZjednodusSene¢ testy

 STR na Y chromosomu — muzskych potomku
srovnani s otcem

* Mitochondrialni DNA — dédi se po matce —
matroklinni dédi¢nost
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Y -chromozomalni Adam
pred 110 000 let v Africe
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DNA chipy

Prepare’cODNAIoOne prepareMicroarray




DNA chipy - barva skvrn
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DNA chipy - vybaveni




DNA chipy software
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Proteinove chipy




Proteinove chipy — typy interakci

Protilatka Antigen Ligand

) AN @Zj%

Detekce: SELDI MS, fluorescence, SPR, electrochemicka, radioaktivity,
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Protein Blotting

A Practical Approach

Edited by
B. S. DUNBAR

Blotting

Springer Protocols

Protein Blotting

and Detection
Methods and Protocols

Edired by
Biji T. Kunen
R. HalScofeld




Blotting

 Southern — DNA
* Nothern — RNA

* Western - bilkoviny



Vyhody blottingu

Dostupnost biomakromolekul
Zakoncentrovani biomakromolekul
Redukce doby a mnozstvi potiebnych
chemikalii

Imobilizace biomakromolekul — moznost
uchovavani

Moznost vicenasobné detekce

Mechanicka stabilita



Tankovy elektroblotting

KATODA - + ANODA

| NADOBAS
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DRZAK YM PUFREM
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HOUBA  ~_| -
|~ HOUBA
FILTRACNI
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PAPIR ~ - BLOTOVACI
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Tankovy elektroblotting




Tankovy elektroblotting
Min1 Protean Trans Blot Cell




,Semi1 dry* blotting

+ ANODA

FILTRACNI | _ BLOTOVACI

PAPIR MEMBRANA
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FILTRACNI | GEL
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... _ KATODA



,Semi1 dry* blotting




Membrany

‘nitrocelulosa - nejbéznejsi

polyviniliden difluorid — vysoka vazebna kapacita
«diazobenzyloxymethyl — chemicka aktivace
*lonexove membrany - preparativni

-aktivovana sklenéna vlakna — pro primou sekvenaci



Detekce

DNA HYBRIDIZACE  .radioaktivni proba — vysokéa senzitivita, Southern blot
‘neradioaktivni proba — biotin — streptavidin, dioxigenin



Detekce DNA
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Proteiny

Detekce

REAKCE SE SUBSTRATEM nativni enzym, nedifundujici substrat

“IMUNOBLOTTING®

Light
gmission

pemin&cﬂdiniun* acridan
eswr\s\/

substrate

complex

i

57

M § V| sireptavidin _
secondary L | A5l horseradish peroxidase
antibody-biotin |JI_ B
conjugate I

]

125]-protein A

enzymem znacena sekundarni protilatka — konjugace
s peroxidasou (tetrazoliova sul), alkalickou fosfatasou

zlatem znacena sekundarni protilatka (100 pg)

chemiluminiscence — nejcitlivéjsi



Detekce proteinu
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Proguct
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j‘__’; <l — Primary antibody
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(enzyme)



Izolace nukleovych kyselin



Cil 1zolace

* QOdstranéni proteinu
« DNA vs RNA

* 1zolace specifického typu NK



Typy NK

genomicka (chromosomalni)
organelova (mitochondrie, chloroplasty)
plasmidy (extra-chromosomalni)

virova (ds nebo ss)

komplementarni (mRNA)



Nejpouzivan€)Si metody
na zakladé rozdilné rozpustnosti — extrakce, srazeni

na zaklad¢ vlastnosti - chromatografie — polarita-
adsorpCni, naboj-1onexova

sedimentace - gradientova ultracentrifugace



Postup

1. Rozbiti bunék a membran pro uvolnéni NK

2. Inaktivace DNA- nebo RNA-degradujicich enzymi
(DNasy, RNasy).

3. Separace NK od dalSich komponent uvolnénych z
bunky.

— Extrakce/Precipitace
— Chromatografie

— Ultracentrifugace



Extrakce/Precipitace



2 The cells are removed
and broken to give
a cell extract

1 A culture of bacteria is grown
and then harvested

1 1
Centrifugation T
_— _A .__ - -_ —_—l
\/ Cell extract
Bacterial culture \
Pellet of cells
Organic
extraction
1 f"ftg AN
\/ " Pure DNA
4 The DNA is 3 The DNA is
concentrated purified from

the cell extract



Izolace genomicke DNA

Typicka procedura
1.Sklizeni bunék

2.Lyse bunek

— 0.5% SDS + proteinase K
(55° n€kolik hodin)

3.Fenolova extrakce

— Jemne¢ tfepani nékolik hodin
(pH §)
4.Ethanolova precipitace

5.Piisobeni RNAsy a proteinasy K
6.0Opakovani kroku 3 a 4.



Extrakce/Precipitace

Krok 3: Organicka extrakce

Smichani vzorku s
organickou fazi ve
stejném poméru.

\/ or phenol:chloroform

Hruby lyzat obsahujici NK
a dalSi soucasti bunky

Vodna

e.g. phenol, chloroform,

N4 Rlnteﬁéze \/

A ° Organicka

/ faze
|

Centrifugac:e Pouziti vodné faze

v

faze

Opakovana|extrakce pro zvySeni Cistoty

Vodna faze obsahuje NK, organicka
faze lipidy. Nerozpustné slozky
(denaturované bilkoviny pfitomné
v interfazi.




Extrakce/Precipitace

Krok 4: Precipitace NK

]
pred  Po / ﬂ \

Supernata{m 70% EtOH\
. No ;N .
Centrlfugac::e Promyti Centrifugace U
Pelet AV/ \/

N

Rozpusténi
(H,O, TE, etc.)
Pfidani EtOH a soli

» 2-2,5 objem EtOH
«-20°C

* Vysoka |

* pH 5-5.5



Detail kroku 5
Pouziti nukleas pro odstranéni nechténé DNA nebo RNA

+ DNase

m PO

+ RNase (protein)




Chromatografie



Adsorp¢ni chromatografie

.
-lu—l..




Adsorp¢ni chromatografie

Krok 1: Pfiprava lyzatu Krok 2: Adsorpce na silikagel

Aplikace na 3 Centrifugace
kolonku ~ !

v

:’§—NK

Silica-gel membrana

Extrakéni pufr pro vazbu DNA a
RNA na silikagel:

* nizké pH

* vysoka iontova sila

« chaotropni soli

Odpad




Adsorp¢ni chromatografie

Krok 3: Vymyti kontaminant

Centrifugace

Promyvaci puf———e

NK —e s o&———NK

e——  Odpad

Krok 4: Eluce NK

Centrifugace

Eluéni pufr

NK — o

Eluéni pufr: l
Viysoke pH
Nizka iontova sila



Ionexova chromatografie




Ionexova chromatografie

/ CIH2 Base
Vazba pi1 nizkem pH nizke I |¢0?|

Eluce zvysenim pH nebo vysokou I o)
l

DEAE (diethylaminoethanol) Chemical structure
of DNA



Separation of Nucleic Acids by CeCl Gradient Centrifugation

[
® A
v
= 1
d
— s — G um —
F
b
o Sample loaded onto top of »
Sample of nucleic acid concentration gradient > st

Experiment begins

Tubes placed in ultracentrifuge and rotated at high
speed; Sample is separated into its two components

=~ @

ool

T «w wWewwd

Wewuww



Protein —_— I E

Linear and

oc DNA ~__ _ -
%‘1

| .
Supercoiled =1 Plasmid DNA
DNA -

\ I

(a) An EtBr-CsCl
density gradient




Izolace RNA - specialni pristupy

 nutno pouzit inhibitory RNAsy

e extrakce guanidium chloridem

 fenolova extrakce pi1 pH <4 (pH 8 pro DNA)
* pusobeni RNase-free Dnase

e selektivni precipitace rRNA, mRNA s LiCl

* oligo-dT afinitni chromatografie - mRNA

e ——



Kontrola Cistoty a kvantifikace NK



Kontrola NK

* spektrofotometricky
* kvalita
 kvantita

 gelova elektroforeza

e kvalita

A260 1.0 =~ 50 pg/mles =33 pg/mlss
Aseo/Azz0 1.6 -1.8

A260 1.0 = 40 pg/ml

Az60/A2s0 ~2.0

DNA

RNA




Kontrola degradace: DNA

genomicka
<«— DNA

—

—

[

—

i

=T

-

e

— DNA

L (degradovana)




Small
RMAs

Kontrola degradace: RNA

Arabidopsis  Alfalfa Corn  Spinach

258

18S



