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Geneticka informace
a struktura nukleovych kyselin
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This small section may contain "
many genes,

i DNA a geny

base pairs

A gene is a section of DNA that
has hundreds or thousands of

Sections
within a
gene

such  Startcodefor  Codes for Stop code for such
things aswhen transcription to  protein consists  transcriptionto  things as the

m D N A O bs ah uJ e g e n etl C ko u I nfo rm aCI and where the  form protein of triplets farm protein offfon and rate of

gene isrtfumed TAC. {codons) of ATTATC or ACT  protein synthesis,
v/ [ on or off and bases,
a tak tvori hmotnou podstatu genu e amountof

= gen je nukleotidova sekvence, ktera je nezbytna pro syntézu funkéniho
genoveho produktu (polypeptidu nebo RNA) — nejde jen o kodujici
sekvenci, zahrnuje i promotory, sestfihova mista, apod.



r. 1868: objev nukleinu

Johan Friedrich Miescher (1844-1895)

Svycarsky pfirodovédec a lékar
biochemicky pFistup: naruSuje strukturu
bunék a snazi se popsat uvolnéné slozky

izoluje leukocyty z hnisu (na obvazech),
jaderné proteiny rozklada pepsinem
(proteolytickym enzymem izolovanym
ze zaludku prasat)

v r. 1869 ziskava kyselou hmotu bohatou

na dusik a fosfor, kterou nazval nuklein

jeho vysledky nejsou pfijaty k publikaci

az do roku 1871

funkce nukleinu zlstava dlouho nejasna
(polynukleotidové fetézce a jejich schopnost

uchovavat genetickou informaci jsou
objeveny az ve 40. letech 20. stol.)
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i Chromozomy a geny

= geny jsou umist ény na chromozomech

= chromozomy jsou tvofeny nukleovou
kyselinou (DNA) a proteiny

Chromosome

Genes

Gena 1

Gene 2

= ve 40. a 50 . letech 20. stol. bylo jednoznaéné prokazano,

ze geneticka informace je ulozena v nukleovych kyselinach

a ne proteinech




Jaka molekula
nese genetickou informaci?

Odpovéd se hledala obtizné:

byl znam jen vertikalni pfenos genu z rodicu na potomstvo
(Mendel, Morgan), kdy geny neopoustéji bunky a tim jsou
nepristupné chemické analyze

pomohl objev horizontalniho pfenosu genu - transformace

transformace je bézna u bakterii (nikoliv u savcu)



Objev transformace

Frederick Griffith
(1879-1941)

Frederick Griffith (anglicky bakteriolog)

ve 20. letech 20. stoleti zkouma bakterii Streptococcus pneumoniae
(pneumokok)

navaznost na obrovskou epidemii Spanelske chfipky v r. 1918,
¢asto doprovazenou zapalem plic vyvolanym touto bakterii

Ministerstvo zdravotnictvi pozaduje vyzkum pneumokoka
a vytvoreni vakciny



Objev transformace

There are two strains of Streptococcus pneumaniae.

ROUGH COLONY (R) SMOOTH COLONY (S)

Frederick Griffith (1928):

= existuji 2 pfibuzné kmeny
Streptococcus pneumoniae,
které se liSi morfologicky
a stupném patogenicity

= kmen R tvofi drsné kolonie
a neni letalni

= kmen S tvori hladké kolonie,
po injekci usmrcuje pokusne

my§| R strain is benign

{Lacking a protective
capsule, it is recognized
and destroyed by
host's immune system)

i (Polysaccharide capsule
{ prevents detection by
I host’s immune system)



Objev transformace

Streptococcus pneumoniae:

Pneumococcal

Pneumococcal Meningitis
(Quellung Reaction - CSF Direct)

r e Capsule

(Pairs & Chains)

’ -

= Kmen S: bunky obklopeny cukernym plastém, ktery usnadnuje
unik imunitnimu systému, proto vysoka virulence

= Kmen R: bunky postradaji cukerny plast, jsou méné nebezpecné




Griffithuv experiment

= virulentni hladké bakterie injikuje mySim: smrt

= virulentni hladké bakterie zabije teplem a pak provede injekci: prezivaji

= injekce smési zabitych virulentnich bakterii s zivymi nevirulentnimi: smrt!
= pitva usmrcenych mysi: obsahuji buiky virulentnich bakterii S

= neSkodné bakterie R se négjak ,transformovaly” na virulentni S

~ Result

- Nonpathogesf€, s
-rough (RIS
~ appearance




Zaver Griffithova experimentu

existuje chemicka latka schopna prenaset %

dédi¢né instrukce mezi organismy — ,genova

l I l O I e ku I a“ (A Medical Officer of the Mindstry of Health.)
(From the Ministry's Pathological Laboratory.)
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Nositelkou genetick

Oswald Avery
Colin MacLeod
Maclyn McCarty
(40. leta 20. stoleti)

= primy dukaz: potvrzeni Griffithova experimentu

= za transformaci bakterii Streptococcus pneumoniae
zodpovida DNA

= pfidani purifikované DNA k bakteriim méni jejich vlastnosti
(tvar kolonii, schopnost vyvolat onemocnéni, apod.)

= ziskané vlastnosti se pfenaseji do naslednych generaci
11



Averyho pokus

= zalozZen na transformaci bakterii R ruznymi
frakcemi inaktivovanych bakterii S

= transformaci vyvolava pouze DNA

STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES

InpucTION OF TRANSFORMATION BY A DESOXYRIBONUCLEIC ACID FRACTION
IsoLATED FroM PnEwUMococcus Tyepe IIT

By OSWALD T. AVERY, M.D,, COLIN M. MAcLEOD, M.D., AND
MACLYN McCARTY,* M.D.
(From the Hospital of The Rockefeller Institute for Medical Research)
PraTtE 1

(Received for publication, November 1, 1943)

S strain cells

%

fractionation of cell-free
extract into classes of
purified molecules

 J 1  J y A

RNA protein DNA lipid carbohydrate

molecules tested for transformation of R strain cells

O O O o) “ OO O @
R R S R R
strain strain strain strain strain

CONCLUSION: The molecule that
carries the heritable information
is DNA.
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Genetickym materialem viru
tabakoveée mozaiky (TMV) je RNA

néktere viry obsahuji proteiny a RNA, ale zadnou DNA

dukaz kodujici funkce RNA:

= oddéleni RNA a proteint u dvou kmenu TMV (A a B, liSicich se
chemickym slozenim proteinovych oball)

vytvoreni virovych ¢astic smisenim RNA (A) s proteinem (B)
vznikl zivotaschopny virus, jehoz potomstvo mélo fenotyp A
po smiseni RNA (B) s proteinem (A) vznikl virus s fenotypem B

zaveér: potomstvo virt je genotypové a fenotypové shodné
s rodiCovskym virem, ze kterého pochazi RNA

\M Protein A
Degraded ‘ Protein B Protein B e e

—_— T /

‘ =
Reconstltuted e

TMV type B RNA mixed 8 Offspring
“ virus = R

RNA

Degraded
—_—

TMV type A

‘ Protein A

RNA »

Infection of
tobacco leaf
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Struktura nukleovych kyselin

= linearni polymery slozené z podjednotek - nukleotidu

NUCLEOTIDES

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more
phosphate groups.

Nukleotidy maji 3 slozky:

= pétiuhlikovy cukr
= dusikovou bazi
= zbytek kyseliny fosfore¢né

Nucleotides

are the

subunits of

the nucleic acids.




Cukerné slozky nukleotidu

= riboza u ribonukleovych kyselin
= deoxyrib6za u deoxyribonukleové kyseliny

= odliSnost je v pfitomnosti/nepritomnosti

hydroxylové skupiny na 2" -uhliku

SUGARS
Cc5 O
PENTOSE f
4 1
a five-carbon sugar 3 2’

Each numbered carbon on the sugar of a nucleotide is
followed by a prime mark; therefore, one speaks of the
“5-prime carbon,” etc.

two kinds are used

HOCH,

HOCH,

OH

OH

OH

B-p-ribose
used in ribonucleic acid

[-p-2-deoxyribose
used in deoxyribonucleic acid




Dusikaté baze nukleotidu

BASIC SUGAR
LINKAGE
N-glycosidic
bond
- . . , BASE
= pripojuji se na uhlik 1 cukru O
kovalentni N-glykozidickou vazbou 5

The base is linked to
the same carbon (C1)
used in sugar-sugar
bonds.




Dusikaté baze nukleotidu

dva typy:
pyrimidinové (cytozin, tymin, uracil)
purinove (adenin, guanin)

BASES
NH, HC
(l HC
HC a \N
|| C | cytosine

HC C
~ N - \O

HC . _Ca

thymine

The bases are nitrogen-containing ring
compounds, either pyrimidines or purines.

PYRIMIDINE

NH,

at
Nt
O
|
/N““C/C\NH
HC/ || G |
guanine m’(‘\Nf(‘\NHE

adenine

4

N
HC |
(

“H

AN




Soucasti nukleotidu
je zbytek kyseliny fosforecne

PHOSPHATES
. ] The phosphates are normally joined to
= pripojen k uhliku 5 cukru esterovou the C5 hydroxyl of the ribose or
deoxyribose sugar (designated 5'). Mono-,
vazbou di-, and triphosphates are common.
= poskytuje nukleotidu negativni naboj 0
~0— P —0O—CH, aASI\j]rF‘,
O |
o
O— T—O—T—O—(;Hz isDiQ
O~ O
O O O
M ” ) ” ) ” ) asin
O—P—0O—P—O—P—0O—C

| | | l'H2 ATP

The phosphate makes a nucleotide
negatively charged.




Nukleosid
neni totez co nukleotid

Single letter abbreviations are used variously as
shorthand for (1) the base alone, (2) the
BASE NUCLEOSIDE ABBR. nucleoside, or (3) the whole nucleotide— @
_ _ the context will usually make clear which of
adenine adenosine A the three entities is meant. When the context
is not sufficient, we will add the terms “base”, =~ BASE + SUGAR = NUCLEOSIDE

NOMENCLATURE A nucleoside or nucleotide is named according to its nitrogenous base. @

guanine guanosine G “nucleoside”, “nucleotide”, or—as in the
_ o examples below—use the full 3-letter nucleotide
cytosine cytidine C code.
uracil uridine U AMP = adenosine mqnophosphate P
dAMP = deoxyadenosine monophosphate @
thymine thymidine T UDP = uridine diphosphate

ATP = adenosine triphosphate

BASE + SUGAR + PHOSPHATE = NUCLEOTIDE

19



i Deoxyribonukleotidy

Pyrimidine nucleotides

H _-H
N

Deoxythymidine Deoxycytidine
monophosphate, dTMP monophosphate, dCMP

Purine nucleotides

Deoxyadenosine
monophosphate, dAMP

Deoxyguanosine
monophosphate, dGMP

20



Polymery nukleotidu
tvori nukleoveé kyseliny

zbytek kyseliny fosfore¢né spojuje sousedni cukry
nukleotidu kovalentnimi fosfodiesterovymi
vazbami mezi uhliky 5 a 3 cukernych jednotek

pravidelneé stfidani motivu cukr-fosfat-cukr-fosfat...
tvofi cukr-fosfatovou kostru  Fetézcu nukleovych
kyselin

Fetézce maji chemickou polaritu : 1 konec
obsahuje fosfat (5"-konec), druhy obsahuje
hydroxylovou skupinu (3"-konec)

NUCLEIC ACIDS

Nucleotides are joined together by a
phosphodiester linkage between 5' and
3' carbon atoms to form nucleic acids.
The linear sequence of nucleotides in a
nucleic acid chain is commonly
abbreviated by a one-letter code,
A—G—C—T—T—A—C—A, with the 5’
end of the chain at the left.

O
“O—P—0O—CH,
-0

o~

“O—P—0—CH,
-0

(On

OH

|

-
2
“O—P—0O—CH,
-0

O

(O

30

phosphodiester
linkage -0O— P=0

example: DNA




Dve varianty nukleovych
kyselin: DNA a RNA

DNA

obvykle dvouvlaknova
molekula

vlakna spojena vodikovymi
vazbami mezi dvojicemi bazi
adenin - tymin a gunanin —
cytozin

RNA

obvykle jednoviaknova
molekula

misto tyminu uracil

RNA

Ribonucleic acid

DNA

Deoxyribonucleic aci

22



Objev
‘L dvousroubovice DNA

1953: James Watson a Francis Crick ‘w
odvozuji strukturu DNA na zakladé téchto udaju:

chemicka data: Erwin Chargaff
koncentrace tyminu je v organizmech
stejna jako koncentrace adeninu a
koncentrace cytozinu je vzdy stejna jako
koncentrace guaninu

fyzikalni data: Maurice Wilkins a Rosalind Franklinova

-
po vystaveni purifikovanych molekul DNA rentgenovému zéareni, "{ :f
dochazi k charakteristickému rozptylu paprsku, které signalizuji s =

zpusob usporadani slozek DNA do Sroubovice

23



Objev

dvousroubovice DNA

NATURE

No. 4356 April 25, 1953

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A structure for Deoxyribose Nucleic Acid

We wish to suggest a structure for the salt of deoxyribose nucleic
acid (D.N.A.). This structure has novel features which are of con-
siderable biological interest.

A structure for nucleic acid has already been proposed by Paul-
ing and Corey'. They kindly made their manuscript available to
us in advance of publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre axis, and the
bases on the outside. In our opinion, this structure is unsatisfactory
for two reasons: (1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without the acidic
hydrogen atoms it is not clear what forces would hold the struc-
ture together, especially as the negatively charged phosphates near
the axis will repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been suggested by Fraser
(in the press). In his model the phosphates are on the outside and
the bases on the inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for this reason
we shall not comment on it.

We wish to put forward a radically dif-
ferent structure for the salt of deoxyribose
nucleic acid. This structure has two helical
chains each coiled round the same axis
& (see diagram). We have made the usual
chemical assumptions, namely, that each
chain consists of phosphate diester groups
joining B-D-deoxyribofuranose residues
with 3", 5" linkages. The two chains (but
not their bases) are related by a dyad
perpendicular to the fibre axis. Both chains
follow right-handed gelices, but owing to
the dyad the sequences of the atoms in the

NS two chains run in opposite directions. Each
—>=N chain loosely resembles Furberg's? model
This figure is purcly NO. I that is the bases are on the inside
diagrammatic. The Twe  of the helix and the phosphates on the out-
iobons symbolize (e 10 side. The configuration of the sugar and
and the horizontal rods the  the atoms near it is close to Furberg's
B enes. Taewe ¢ *standard configuration’, the sugar being
line marks the fibre axis roughly perpendicular to the attached base.
There is a residue on each chain every 3-4. A. in the z-direction.
We have assumed an angle of 36° between adjacent residues in
the same chain, so that the structure repeats after 10 residues on
each chain, that is, after 34 A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on the outside,
cations have easy access to them.

The structure is an open one, and its water content is rather high.
At lower water contents we would expect the bases to tilt so that
the structure could become more compact.

The novel feature of the structure is the manner in which the
two chains are held together by the purine and pyrimidine bases.
The planes of the bases are perpendicular to the fibre axis. They
are joined together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other chain, so that
the two lie side by side with identical z-co-ordinates. One of the

pair must be a purine and the other a pyrimidine for bonding to
occur. The hydrogen bonds are made as follows: purine position
1 to pyrimidine position 1; purine position 6 to pyrmidine
position 6.

If it is assumed that the bases only occur in the structure in the
most plausible tautomeric forms (that is, with the keto rather than
the enol configurations) it is found that only specific pairs of bases
can bond together. These pairs are: adenine (purine) with thymine
(pyrimidine), and guanine (purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of a pair, on
either chain, then on these assumptions the other member must
be thymine; similarly for guanine and cytosine. The sequence of
bases on a single chain does not appear to be restricted in any way
However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on one chain is
given, then the sequence on the other chain is automatically
determined.

It has been found experimentally> that the ratio of the amounts
of adenine to thymine, and the ratio of guanine to cytosine, are
always very close to unity for deoxyribose nucleic acid.

It is probably impossible to build this structure with a ribose
sugar in place of the deoxyribose, as the extra oxygen atom would
make too close a van der Waals contact.

The previously published X-ray data’ on deoxyribose nucleic
acid are insufficient for a rigorous test of our structure. So far
as we can tell. It is roughly compatible with the experimental data,
but it must be regarded as unproved until it has been checked against
more exact results. Some of these are given in the following com-
munications. We were not aware of the details of the results
presented there when we devised our structure, which rests main-
1y though not entirely on published experimental data and stereo-
chemical arguments.

It has not escaped our notice that the specific pairing we have
postulated immediately suggests a possible copying mechanism for
the genetic material.

Full details of the structure, including the conditions assumed
in building it, together with a set of co-ordinates for the atoms,
will be published elsewhere.

We are much indebted to Dr. Jerry Donohue for constant ad-
vice and criticism, especially on inter-atomic distances. We have
also been stimulated by a knowledge of the general nature of the
unpublished experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at King's Col-
lege, London. One of us (J. D. W.) has been aided by a fellowship
from the National Foundation for Infantile Paralysis.

J. D. Watson
F. H. C. Crick
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendish Laboratory, Cambridge.
April 2.

"Pauling, L.. and Corey, R. B., Narure, 171, 346 (1953); Proc. U.S. Nat
Acad. Sci., 39, 84 (1953)

*Furberg. S., Acta Chem. Scand., 6, 634 (1952).

3Chargaff, E., for references see Zamenhof, S., Brawerman, G., and
Chargaff, E., Biochim. et Biophys. Acta, 9, 402 (1952).

“Wyatt, G. R.. J. Gen. Physiol., 36, 201 (1952).

sAstbury, W. T., Symp. Soc. Exp. Biol. I, Nucleic Acid, 66 (Camb.
Univ. Press, 1947).

Wilkins, M. H. F., and Randall, J. T.. Biochim. et Biophys. Acta,
10, 192 (1953)
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Trojrozmerna
struktura DNA

za fyziologickych podminek
pravotociva dvousroubovice (B-forma)

protilehlé fetézce jsou vazany
vodikovymi vazbami mezi bazemi

baze orientovany dovnitf
dvousroubovice, cukr-fosfatova kostra
je na jeji vnéjsi strané

VetSi purinova baze se paruje s mensi
pyrimidinovou

Sroubovici stabilizuji vazby nad sebou
umisténych aromatickych kruht

building blocks of DNA
phosphate

sugar base

phosphate

double-stranded DNA

hydrogen-bonded
base pairs

sugar
N2 —
o @ — -.-'

nucleotide

sugar-phosphate
backbone

DNA strand

s & &

TeEr

DNA double helix

”
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Trojrozmerna

struktura DNA

adenin se spojuje s tyminem
dvéma vodikovymi vazbami

guanin s cytosinem tremi
vodikovymi vazbami

Base

Deoxyribose

—> i
N—Heeooo 0 N,
Guanine
Cytosine NeeeeH—N N o
, . N
’ 3 < 7 O eess H—N Deoxyribose
Phosphate |

H

Deoxyribose

Hydrogen bond

3
|
(0}

charges

SUGAR
PHOSPHATE
BACKBONE

b'-3' phospho-
fiester bonds

Interior is hydrophobic

Phosphates
have negative
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Trojrozmerna
struktura DNA

baze se uvnitf dvouSroubovice orientuji do energeticky nejvyhodnégjsiho
usporadani

jedna otacka Sroubovice pfipada na 10 paru bazi, prumér 1,9 nm

vinuti vytvafi v Sroubovici velky a maly zlabek

obé vlakna dvousroubovice jsou antiparalelni a plné komplementarni

1 * o
5’ end \ ,O

bases

minor N
groove 3'end ‘\

" y—o,
| il
) o 7 0.34nm
major °;~|;_o ,\\'\\\9\\\\ G OB

groove :
| !
o . o
! “o o /IPs\o
0’- b _//////////‘ o (e
0 sp - VA, '
_h e T ==l =—sugar
0 09 G A W
j (o]
= > s
o (] ’_£/t/,, 2 ’6 “rg/~~0—Pc0
/0 ///-——c-v.. ) [o]
0=p-0 hydrogen bond . o\ g:::lphoduester
5'end s, 3'end




i Alternativni formy DNA

B-DNA: ve vodnych roztocich a béznych koncentracich soli

= A-DNA: rovnéz pravotociva, s 11 pb na otacku, objevuje se
u dehydratovanych vzorku

= Z-DNA: levotoCiva, s 12 pb na otacku, vyskyt u dvojSroubovic
bohatych na pary GC, funkce v zivych systémech nejasna

Type of helix Right-handed Right-handed Left-handed
Helical diameter (nm) 237 255 1.84

Rise per base pair (nm) 0.34 0.29 0.37
Distance per complete turn (pitch) (nm) 34 32 45
Number of base pairs per complete turn 10 11 12

Topology of major groove Wide, deep Narrow, deep Flat

Topology of minor groove Narrow, shallow Broad, shallow Narrow, deep

28



Uchovani a exprese
genetickeé informace v DNA

= poradi nukleotidu v obou fetézcich predstavuje genetickou informaci,
kterd se kopiruje pred svym prenosem do dcefiné bunky

= komplementarita Fetézcl umoznuje odvozeni sekvence nukleotidu
jednoho retézce ze sekvence nukleotidu druheho retézce — zaklad

dédiénosti geneticke informace

= odliSnost organismu vyplyva z odliSnosti v poradi nukleotidu jejich DNA

= linearni sekvence nukleotid 0 v genech
urcuje linearni poradi aminokyselin
a trojrozmeérnou strukturu proteinu

= trojrozm érna struktura proteinu
zodpovida za jejich funkci

geneA
1

\J

v
M—

gene B
i

\ 4

gene expression

\ 4

gene C
1

v

DNA
double
helix

S
protein A proteinB proteinC
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Struktura DNA vysvetluje
kopirovani geneticke informace

komplementarita viaken dvouSroubovice usnadnuje kopirovani
a prenos genetické informace

vodikové vazby mezi vlakny dvouSroubovice jsou mnohem slabsi
nez kovalentni vazby mezi nukleotidy uvnitf vlaken: pomoci
urcitych enzymu lze dosahnout oddéleni vlaken a jejich kopirovani
do komplementarniho vidkna (replikace DNA )
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DNA v chromozomech

chromozom je komplex DNA
a proteind, které pomahaiji
udrzovat jeho strukturu

na chromozomu jsou v
linearnim poradi usporfadany
geny oddélené regulaénimi a
mezigenovymi useky

Inter, ge, 0,
C

Regulatory
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Chromozomy prokaryot

kruznicové molekuly dvoufetézcové DNA

nesou veétsinou nékolik tisic genu

intergenoveé useky jsou velmi kratké, uspornost genomu
skupiny sousednich genu s minimalnimi mezigenovymi Useky
(operony) mohou sdilet jednu regulacni oblast

pfi replikaci se v ur€itém misté dvousroubovice rozvolnuje
a replikuje se obema smery

Newly synthesized
genetic information

NON-REPLICATING REPLICATING
CHROMOSOME CHROMOSOME 32




Chromozomy
vyssich zivocéichu a rostlin

. s v v , “'_?-.- ﬂ:!;:: ‘ii LY L
komplex linearni molekuly dvouretézcove it A
DNA a proteinu Y AL R U L
obsahuji centromeru a koncove telomery N Y ETRIETE Y
nesou az 50 000 gend AWATANLARE O (W)
intergenoveé useky jsou rozsahlé TR 5 Be it

EE 2% ':P'_" 3% R .‘f:
eukaryota jsou obvykle diploidni: v kazdé B s 6o
burice jsou chromozomove pary (u ¢lovéka T
46 chromozomu, 23 paru, z toho jeden par w w 2 omix v

pohlavnich chromozomt‘])

ve svételném mikroskopu viditelné jen v dobé bunééného déleni

karyotyp : Uplna sada metafazovych chromozomu v danée
bunce/organismu — zaklad cytogenetickych analyz
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Sekvenovani genomu

uplna sekvence znama napf. u mnoha viru, bakterii, kvasinek,
octomilky, hadatka, mysi, Clovéka, atd.

= halezeni dosud neznamych genu

= odhad poctu vSech genu kodujicich proteiny

= odhad funkci novych genu

= srovnani mezi druhy — evoluéni souvislosti

velka ¢ast genomu vysSich eukaryot nekoduje mRNA
= Vv nekddujicich oblastech DNA jsou podobné, ale nikoliv identické oblasti

o yydc,_oké) variabilita nékterych repetitivnich sekvenci (specifické pro kazdého
jedince

= dfive se nekddujici oblasti povaZovaly za bezucéelnou ,junk* DNA
= dnes se jim pfisuzuje evolu¢ni vyznam
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Geny eukaryot
obsahuji introny a exony

iIntrony : nekddujici sekvence
exony : kédujici sekvence

evolucni tlak udrzuje sekvence
exonu u ruznych jedincu

Gene

v

Exon

Intron Exon Infron Exon

Exon Exon Exon

mENA

v

Protein

Amino Acid Sequence

daného druhu ve stejné nebo velmi podobné strukture

zmény struktury intronu, v€etné uplné ztraty, se toleruji: maly funkéni

vyznam

funkce vetSiny sekvenci intronu neni znama — patrné prispivaji k
variabilité proteinovych struktur (alternativni sestfih), umoznuji vazbu
regulatordl, podileji se na regulaci genové exprese
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DNA mitochondrii
a chloroplastu

= Obsahuje geny kodujici proteiny souvisejici
s funkci téchto organel (ale ne vSechny)

= Ssoucast genomu daného organismu
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Soliterni geny a genove rodiny

= 25-50% genu mnohobunéénych organismu kodujicich proteiny jsou
v haploidnim genomu zastoupeny pouze 1x: solitérni geny

= napr. gen kodujici lysozym (enzym, ktery Stépi polysacharidy
bunécné stény bakterii, slozka vajecneho bilku, obsazen v slzach)

= genové rodiny : geny s velmi podobnou, ale ne zcela identickou
strukturou, které koduji pfibuzné proteiny (proteinove rodiny)

= napf. rodiny imunoglobulint nebo kinaz maji stovky ¢lenu
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Hemoglobin Molecule /o

OLchain CLchain
o /

] - (o) h -MHH“M N >
Rodiny globinu S dNE

rodina globinovych genu koduje proteiny B onan
podilejici se na tvorbé hemoglobinu

= 2 identické polypeptidy 3-globinu vytvareji komplex se dvéma identickymi
polypeptidy a-globinu + 4 hemové skupiny

vSechny hemoglobiny prenaseji kyslik v krvi, odliSuji se vSak
fyziologickymi ukoly

urcite typy globinu se exprimuji jen ve vyvijejicim se plodu — vytvareji
hemoglobin s vysSi afinitou ke kysliku nez hemoglobin dospélych
(snadngji ziskavaji kyslik z krevniho obéhu matky placentou)

nizsi afinita ke kysliku je vyhodnéjsi u hemoglobinu dospélych
organismu, protoze usnadnuje jeho uvolnéni v tkanich, predevsim
svalech, které maiji pri zatézi velkou spotiebu kysliku
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Vznik genovych rodin:
duplikace

ruzné geny pro 3-globin vznikly duplikaci puvodniho genu
béhem evoluce se v obou genech hromadily nahodné mutace
mutace vyhodné pro funkci prenosu kysliku se fixovaly

v oblasti 3-globinové rodiny se nachazeji pseudogeny

pseudogeny se podobaji puvodnim genum (vznikly rovnéz
duplikaci), ale jsou kvuli mutacim nefunkéni

pseudogeny nejsou Skodlivé — pasivné se v genomu udrzuji
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Tandemove opakovane
rady identickych genu

toto usporadani maji predevsim geny kodujici RNA (napf. rRNA
nebo RNA funguijici pfi sestfihu), po kterych je v bunce vysoka
poptavka

koduji zcela nebo témér identické produkty

geny jsou umistény v mnohonasobném opakovani bezprostredné
za sebou
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Otevreny cteci ramec (ORF)

Usek DNA, obsahujici alespon 100 koddnu, ktery zacina iniciacnim a
kondéi terminaénim kodonem, o kterém neni znamo, zda ma koduijici

funkci

€ LYYYLDLO000DD LYY LILYYDYLLYOLYYODYDLYOODY Y LODDY =g
E-ATTTACAGGGGCATTAATTCTAATGATTGCTCATGGCTTAGCCT -3



Velikost genomu
a biologicka komplexita

pocet genu kddujicich proteiny neni prfimo umérny biologické
komplexité organismu (C. elegans ma vice genu nez octomilka,
Clovék ma jen o tisic genu vice genu nez C. elegans)

ze struktury genomu nelze biologickou komplexitu odvozovat pfimo
variabilité pfispivaiji:

Mammals

= alternativni sestfih .
= posttranslaéni modifikace RIRp &r——r——10
= regulace genové exprese Fighes o ————®
Primitive o-+--9
chordates
Algae o———9
Bacteria ot——-o
Viruses (@ — @

4 10 1 12

10 6 7 9

10° 10° 107 10® 10° 10" 10" 10
Genome size (nucleotide pairs per cell) 42



Geneticke rozdily
mezi jednotlivci

vzorek krevni
obét skvrny podezfeli jedinci

L L 12 3

odliSnosti v pocCtu kopii opakujicich se sekvenci
vyuzitelné pro profilovani DNA (fingerprinting)
pouziva se pro identifikaci zlo€incu od r. 1988

pravdépodobnost shody profilu dvou osob je
zanedbatelnd 1:10°




Forenzni analyza

pro profilovani jsou vhodné dva typy
polymorfismu DNA

= tandemové repetice variabilniho poétu (VNTR),
minisatelity, opakujici se sekvence 10-80 pb

= kratké tandemové repetice (STR), mikrosatelity,
opakujici se sekvence o délce 2-10 pb

pocet jejich kopii je vysoce variabilni a proto
idealni pro profilovani
v urcitych oblastech genomu je pocCet

opakovani VNTR a STR snadno detekovatelny
(restrikéni analyza, PCR, elektroforéza)

matka

mozny otec €. 1

dité mozny otec €. 2

m——
— —
—_— e .-—
—
— L]
o om—
- —
A
TS ee
el _—
e —
—— —
——
-2-‘_
- ;e
_ﬁ-
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Geneticke rozdily

mezi jednotlivci

\5"'[,|»

HOW A DNA PROFILE IS MADE

Gel electrophoresss

Extracted DNA

%*‘ — —

DNA fragments are
separated (by size)
nthe gel

Enzymes cut
the DNA

hence fingerprint

sekvence repetice VNTR

| s |
i rrrrnrnnrnny
GGAGGTGGGGAGG
FIHYTITINY
DNAod -
Johna Doe .~ DNA od
= Jima Doe
lokus 1 == > o ,}
C— >
VNTR T T C A—A ]
|okl,|52(Al|m|A D S
VNTR ] D [ )
A A A A
lokus 3 :A_:) R
c_:
VNTR s
tepen/ restrik¢nim
enzymem a rozdéleni
Legenda: fragmentu
A= cilové misto elektroforézou
pro
restrikéni
enzym -7
e =6 poCet kopii
w5 TEpEtitivni
— sekvence
e c—— 3
[} -2

vysledek Southernovy hybridizace

pary
homologickych
chromozomi




Strukturni organizace
eukaryotickych chromozomu

= Vvelikost DNA monohonasobné presahuje prumér bunky

= DNA se organizovanym zpusobem sbaluje do komplexu
S proteiny

= specialni ¢asti chromozomu tvofi centromery a telomery
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Centromera

Spindle fiber

5pm

zUzena oblast chromozomu v jeho stfedni Casti
misto vazby mikrotobulu déliciho vieténka
nezbytna pro spravnou segregaci chromozomu pfi
anafazi mitdzy a meiodzy

stejna funkce - podobna struktura u vsech
chromozomu

obsahuje nukleotidové sekvence, na které se vazou
proteiny (kinetochory) zprostfedkovavajici vazbu
vietéenka
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Telomery

(z fectiny: telos = konec, meros = Cast)

Hermann J. Muller, 1938: prvni dukaz, ze
absence pfirozenych koncu chromozomu
drozofily (odstranénych rentgenovym zarenim)
znemoznuje pfenos chromozomu do bunék

potomstva

Barbara McClintockova, 1948:. konce
prerusenych chromozomu jsou lepivé a maji
tendenci se spojovat za vzniku faznich
chromozomu; normalni konce chromozomu tuto

vlastnost nemaji
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Hlavni funkce telomer

chrani konce linearnich molekul DNA pred
deoxyribonukleazami

brani fuzi koncu chromozomu s jinymi molekulami
DNA

umoznuji tplnou replikaci koncu linearnich
molekul DNA (spolu s enzymem telomerazou)

Struktura:

obsahuji kratké opakujici se nukleotidové
sekvence

pocet opakovani sekvenci s vékem klesa

to neplati pro embryonalni kmenové buriky a
bunky nadorove, kde se telomery nezkracuiji

Telomeres




-

Leonard Hayflick
(*1928)

Hayflickuv limit

Leonard Hayflick zacatkem 60. let kultivoval
lidské buriky in vitro
po 50 — 70 cyklech zdvojovani se bunky déelit

prestavaly a prechazely do senescence,
nasledné krize a odumiraly

dusledek kritického zkraceni telomer
korelace s celkovym starnutim

Telomere
a ®
& 2]

Chromosome of adult cell

Telomere shortens after
each replication

\L,"/ "‘a
k\t‘ Dl)_*

Telomere at

'/ senescence
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Nadorove bunky dokazou
prodliouzit zivot bunek

= ztrata telomer je eliminovana
= aktivace telomerazy

= alternativni prodluzovani telomer rekombinaci (bez u€asti telomerazy)

T Germ 4+ Stem Calls

TUMOR CELLS
ﬁ Alternative Lengthening of Telomeres (ALT)
= -

2 £ High Telomerase activity
E
o
@ Primary
k= DKC

Frogora

Cells
g - > Time
Replicative npigie




Proteiny chromatinu

Setrnou izolaci DNA z jader eukaryotickych bunék se ziska
nukleoproteinovy komplex - chromatin

chromatin = komplex DNA a protein

2 typy chromatinovych proteinu:

bazické (v neutralnim pH nesou kladny naboj) = histony

kyselé (v neutralnim pH nesou zaporny naboj) = nehistonové
chromozomove proteiny
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|
C=NH H—C—H
| |
N*H, N*H,

= hlavni strukturni uloha v chromatinu Arglnine ysine

=V bunkach pfitomny v mnozstvi, které koreluje
s mnozstvim DNA

= hlavni typy histont: H1, H2a, H2b, H3, H4

= Vv hojné mife zastoupeny bazické aminokyseliny s kladnym nabojem
arginin a lysin (20-30% histonovych aminokyselin), které interaguji
S negativnim nabojem fosfatovych skupin DNA

= Vvysoce konzervativni struktura histonu, pritomny témér ve vSech
bunécnych typech
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Slozkami nukleozomu
jsou ¢tyri typy histonu

histonowy okiamer

Nukleozomy

= primarni strukturni jednotky chromatinu
= Utvary vzniklé interakci H2a, H2b, H3 a H4 s DNA o velikosti 146 pb
= podil na spravném slozeni DNA

= interakce mezi histony a DNA usnadnuji elektrické naboje (DNA je
polyanion, histony jsou diky bazickym aminokyselinam polykationty)

= pfireplikaci se DNA do nukleozomu sestavuje okamzité pomaoci
chaperonu

= posttranslacni modifikace histonu (napf. acetylace) mohou ovlivnit
kompaktnost chromatinu (rozvolnéni, aktivace genu)



Nehistonove proteiny
chromatinu

¥

ruzné u ruznych bunék (i v ramci téhoz organizmu)

nepodili se na usporadani DNA v chromozomech

ucast na regulaci genové exprese
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Tri urovne sbaleni eukaryotickych

chromozomu: 1. nukleozom

D jadro nukleozomu

D uplny nukleozom

tvofi oktamer histont 2x(H2a+H2b+H3+H4) a
nadSroubovicova DNA o velikosti 146 pb

je stabilizovan histonem H1

o vysledkem je interfazove chromatinové vlakno o pruméru 11 nm

Nucleosome core

Octamer of histones
2H2a+2H2b+2H3+2H4

N
Protruding oo ) N’
histone \ /5
tails )
(a) L—— 11om ——

Complete nucleosome

Octamer
of histones

? Histone H1

166-Nucleotide-pair “
(b) length of DNA

(b)

Nucleosomes

Nucleosome core,

146 nucleotide pairs
of DNA wrapped as
1%, turns around

an octamer of histones

Linker DNA,
varying in length
from8to 114
nucleotide pairs
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Tri urovne sbaleni eukaryotickych

chromozomu: 2. solenoid

solenoid (30 nm chromatinové vlakno) vznika v dusledku interakci
mezi nukleozomy, zpusobuijici vinuti chromatinového vliakna do

velké Sroubovice s 6 nukleozomy na jeden zavit

Metaphase
chromosome 11-nm
30-nm nucleosomes
chromatin

fiber

2-nm DNA
molecule

La -
< i 30-nm
/chromatln
.
X

fiber
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3. staceni 30 nm viakna do smycek
pomoci proteinového leseni ("scaffold™

proteiny nehistonove povahy (napf. proteiny
HMG) tvori proteinové leSeni (,scaffold®)

leSeni napomaha slozeni 30 nm vildkna do
kondenzovaného stavu

nejvyraznéjSi kondenzace chromozomu
béhem mitozy

EM: lidsky metafdzovy chromozom
po odstranéni histon(




Histonovy kdd

N-konce aminokyselinovych fetézcu histonu jsou volné a
pristupné posttranslanim modifikacim

kombinace téchto modifikaci v riznych oblastech chromatinu
vytvareji kod, ktery ovlivauje funkci chromatinu — hlavné tvorbou
a odstrafiovanim vazebnych mist pro specifické proteiny

ovliviiuje se tak uroven kondenzace chromatinu (rozhoduijici pro
transkripci, replikaci reparaci DNA)

kondenzovany chromatin: heterochromatin
rozvolnény chromatin: euchromatin
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Heterochromatin

zustava ve znacné kondenzovaném stavu 1 v interfazi

typicky pritomen v oblasti centromery a telomer

silné barvitelny barvivy vazoucimi se na DNA

transkripcné inaktivni
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i Euchromatin

= meéné kompaktni v interfazi
= typicky pfitomen v aktivhé prepisovanych oblastech

= slabé barvitelny barvivy vazoucimi se na DNA
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Posttranslacni modifikace
histonu

epigenetické mechanismy regulace genové exprese
fosforylace H1: kondenzace chromozomu — ztizeni transkripce

acetylace histonu nukleozomového jadra: rozvolnéni chromozomu —

usnadnéni transkripce

zajisténo enzymaticky

Deacetylati Acetylation
(HDAC) (HAT)
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Schéma skladani

DNA v chromozomech

NAME

A DNA helix

B ‘String with
beads’

C Nucleosomes

D Looped
30nm
fibers

STRUCTURE

VANV VANV

E Mitotic
chromosome

S1ZE

2 nm

11 nm

30 nm
fiber

30 nm
fibers

0.8 pm
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Cell

Nucleus

Chromosome

Base pair

Histone
proteins

Nucleosomes
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