Molekularni biotechnologie



|zolace cilového fragmentu DNA (genu)

» Ktery predstavuje malou cast genomu
(0.02%)

* Umoznuji genoveé Ci genomoveé knihovny



Mnozstvi DNA v ruznych organismech

Table 4.5 DNA content of various organisms

Organism Size (millions of
base pairs [Mb])
Muycoplasma genitalium 0.55
Methanococcus jannaschii 1.66
Haemophilus influenzae Rd 1.83
Neisseria meningitidis 2.27
Lactococcus lactis 2.36
Mycobacteriumt leprae 3.26

Vibrio cholerae 4.00
Bacillus subtilis 4.20
Escherichia coli K-12 4.60
Escherichia coli O157:H7 5.50
Pseudomonas aeruginosa 6.30
Mesorhizobium loti 7.59
Saccharonyces cerevisiae 13
Cacnorhabditis elegans 97
Arabidopsis thaliana 125
Drosophila melanogaster 165
Fugu rubripes 400
Solanum tberosum 840
Zea mays 2,700
Mus musculies 3,000
Homo sapiens 3,300
Hordewm vulgare 5,500

17,300

Triticum aesti




Definice genomove knihovny

Soubor klonovanych fragmentu pfipravenych
stepenim genomové DNA, které dohromady
reprezentuji cely genom daného organismu

(knihovna genova: soubor nahodné klonovanych
fragmentu genomové DNA pfrislusného
organismu)

Synonymum:klonova banka

(genom: vSechny molekuly DNA zivé soustavy,
které se vyznacuji replikaci a dedi se na
potomstvo)



Genomoveé knihovny (banky)

« zaloZeni (ytvareni, pfiprava, konstrukce)
« testovani (tridéni)



Vytvareni genomove knihovny

Proces rozdeleni genomoveé DNA do
Klonovatelnych fragmentu

nserce fragmentu do vektoru

Preneseni (transformace) do hostitelskych
ounek E.coli

Selekce klonu identickych bunek nesoucich
urcity insert
(klony se liSi insertem)




Snahou je klonovat geny {j.

« Fragmenty DNA pfimérené dlouhé (asi 1000 — 1200 bp)



Jakou restriktazu zvolit pro stepeni genomove DNA

Restriktazy, co rozpoznavaji 4 bp sekvence stepi na
malé kousky (kazdych 256 bp)

Restriktazy, co rozpoznavaji 6 bp sekvence stepi na
velké kousky (kazdych 4096 bp)



Parcialni, neuplné stepeni

Pouziva se restriktaza, co rozpoznava 4bp sekvenci
napr. SaulllAl

Podminky stépeni jsou voleny tak, aby doslo k
neuplnému stepeni

Tak se vytvori fragmenty DNA ruzné velikosti, z nichz
nekteré mohou nést celé geny



Parcialni (neuplny) digest
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Figure 4.12 Partial digestion of a
fragment of DNA with a type Il re-
striction endonuclease. Partial di-
gestions are usually performed by
varying either the length of time or
the amount of enzyme used for the
digestion. In some of the DNA
molecules, the restriction endo-
nuclease has cut at all sites (each
labeled RE1). In other molecules,
fewer cleavages have occurred.
The desired outcome is a sample
with DNA molecules of all possi-
ble lengths.



Agarozova gelova elektroforéza fragmenti DNA

vznikajicich behem stepeni restriktazou
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Figure 4.13 Effect of increasing the time of restriction endonuclease digestion ofd

DNA sample. A. The restriction endonuclease sites (arrows) of a DNA molecule ar
F

shown. B. As the duration of restriction endonuclease treatment is extended, cleays

age occurs at an increased number of sites (lanes 1 to 5). Lane 1 represents the size
of the DNA molecule at the time of addition of restriction endonuclease. Lanes 2
5 depict the extent of DNA cleavage at increasing intervals after the addition of r

striction endonuclease



Fragmenty DNA z parcialniho digestu

jsou pouzity pro konstrukci genomoveé banky

Tim se zvétSi pravdépodobnost klonovani celych genu
Nékteré fragmenty mohou byt pro klonovani prilis dlouhé
V tom pripadé ziskame neuplnou knihovnu



Testovani (tfidéni) knihovny

« Znamena vyhledavani a identifikaci specifickeho klonu
nesouciho cilovou DNA

« Kazda bunka (transformant nesouci rekombinantni DNA)

po vysevu na Petriho misku vytvofi kolonii (klon
identickych bunék)



Metody trideni genomovych knihoven tj. vyhledavani
specifickeho klonu

DNA/DNA hybridizace
Imunologicky test
Proteinova aktivita
Komplementacni test



Vyhledavani specifickeho klonu pomoci DNA/DNA
hybridizace

« Kvyhledavani se pouziva DNA sonda (znaCeny
jednoretézcovy fragment DNA) a jeho

e parovani s komplementarnim usekem jednoretézcove
DNA.



Schématickeé znazornéni DNA/DNA hybridizace

1 Prepare target DNA
ATCGTAGTCGTAGGTCGGT TAGCT TGAACK TTTCCCCAAAAGGGGGCCCCCTT TAAAA
TAGCATCAGCATCCAGCCAATCGAACTTGG AAAGGGGT TTTCCCCCGGGGGAAAAT TTT

\ |
Extract

l— — ) 1 | (] 4

‘ Immobilize ‘

ATCGTAGTCGTAGGTCGGTI AGCTTGAACC I TTCCCCAAAAGGGGGCCCCCTT TTAAAA

TAGCATCAGCATCCAGCCAAT CGAACTTGG AAAGGGGTTTTCCCC CGOGGGAAAATTTI

2 Prepare probe DNA

TAGGTCGG
ATCCAGCC

‘ Label

#1’Jt-|mlurc:

TAGGTCGGH

ATCCAGCC?

3 Hybridization

ATCCAGCC*
ATCGTAGTCGTAGGTCGGT TAGCTTGAACC TTTCCCCAAAAGCGGGCCLCC TTTTAAAA

TAGGTCGG?
TAGCATCAGCATCCAGCCAATCC AACT TGO AAAGGGGTTTTCCCCCGGEC IGAAAATTTT

Figure 414 DNA hybridization. (1) The DNA of samples containing the putative
target DNA is denatured and the single strands are kept apart, usually by binding
them to a solid support, such as nitrocellulose or ny lon membrane. (2) The probe,
which is often 100 to 1,000 bp in length, is labeled, denatured, and mixed with the
denatured putative target DNA under hybridization conditions. (3) After the hy-
bridization reaction, the membrane is washed to remove unhybridized probe DNA
and assayed for the presence of the labeled tag, If the probe does not hybridize, no
label is detected. The asterisks (*) denote the labeled tag (signal) of the probe DNA.
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Figure 415 Production of labeled probe DNA by the random primet method. The
duplex DNA containing the sequence that is to act as the probe is denatured, and
an oligonucleotide sample containing all possible sequences of six nucleotides is
added. It is a statistical certainty that some of the molecules of the oligonucleotide
mixture will hybridize to the unlabeled, denatured probe DNA. In the presence of
Klenow fragment and the four dNTPs, one of w hich is labeled with a tag (*), the
base paired oligonucleotides act as primers for DNA synthesis. The synthesized
DNA is labeled and used as a probe to detect the presence of a DNA sequence in
2 DNA sample. In this case, the labeled probe consists of a number of separate DNA
molecules that together constitute almost the entire sequence of the original unla-
beled template DNA




Detekce hybridizace

Hybridizacni produkt je detekovan v zavislosti na
povaze znacky, kterou sonda nese.

Je-li DNA znacCena radioaktivne, je hybridizace
detekovana autoradiograficky.

Je-li sonda znacCena neradioaktivne (napr.
digoxigeninem), je hybridizace detekovana
imunologicky.

(substratem pro alkalickou fosfataza je 5—

bromo-4-chloro-3-indolylfosfat-Nitro-Blue-
Tetrazolium: BCIP-NBT)



Pro trideni genomovych knihoven se pouzivaji sondy

* homologni (se zcela komplementarni sekvenci) napf.
chemicky syntetizované

* heterologni s ne zcela komplementarni sekvenci DNA
(napf. klonovana DNA pribuzného genu)

* Podminky hybridizace Ize volit (vysoka stringence, nizka
stringence)



DNA/DNA hybridizace bakterialnich kolonii

K hybridizaci Ize pouzit bakterialni kolonie narostlé na
misce

Kolonie jsou preneseny na nitrocelulozovou membranu,
lyzovany, denaturovany

DNA je na membrané imobilizovana, je pridana DNA
sonda a provedena DNA/DNA hybridizace

HybridizaCni produkt je detekovan podle pouzité znacky
Viz Obr.



DNA/DNA hybridizace kolonii
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Figure 4.17 Screening a library with a labeled DNA probe (colony hybridization).
Cells from the transformation reaction are plated onto solid agar medium under
conditions that permit transformed but not nontransformed cells to grow. (1) From
each discrete colony formed on the master plate, a sample is transferred to a solid
matrix such as a nitrocellulose or nylon membrane. The pattern of the colonies on
the master plate is retained on the matrix. (2) The cells on the matrix are lysed, and
the released DNA is denatured, deproteinized, and irreversibly bound to the ma-
trix. (3) A labeled DNA probe is added to the matrix under hybridization conditions.
After the nonhybridized probe molecules are washed away, the matrix is processed
by autoradiography to determine w hich cells have bound labeled DNA. (4) A
colony on the master plate that corresponds to the region of a positive response on
the X-ray film is identified. Cells from the positive colony on the master plate are
subcultured because they may carry the desired plasmid-cloned DNA construct.



Pozitivni signal po DNA/DNA hybridizaci

Muze dat vétsi pocet kolonii (klonu)

Dulezité je ur€it, které klony daji celou sekvenci
hledaneho genu

|zoluje se rekombinantni DNA (plasmid) a insert se
vystepi restriktazou

Pomoci gelové elektroforézy se urCi delka insertu
Pomoci fyzikalni mapy se identifikuji inserty (fragmenty)
se stejnymi a prekryvajicimi se sekvencemi

Fragmenty s prekryvajicimi se sekvencemi lze spojit
ligaci ve funkCni gen



Kompletni gen lze identifikovat

 Pomoci sekvencovani —
* Podle startovaciho a stop kodonu a

« Dostatecné dlouhé rady nukleotidu mezi nimi



Zaruku, ze v knihovne nalezneme cely gen nemame

« V pfipadé neuspéchu Ize knihovnu pfipravit pomoci jiné
nukleazy a

« Tridéni provést bud s puvodni sondou nebo se sondou
odvozenou z prvni knihovny



Knihovny Ize vytvaret

« Klonovanim DNA fragmentu vétSich nez je prumérna
velikost prokaryontniho genu

« Tim se zvetsi pravdepodobnost, ze nektereé klony
knihovny ponesou kompletni gen

« Genomové knihovny fady organismu lze ziskat
komercne



Ruzné usporadani DNA/DNA hybridizace

« K hybridizaci Ize pouzit fragmenty DNA po agarozoveé
gelové elektroforéze

« A jejim preblotovani na nylonovou membranu (Southern
blot)

« K hybridizaci Ize pouzit DNA aplikovanou na nylonovou
membranu ve formé kapky (dot blot hybridizace)



Trideni genomové banky imunologickym testem

V imunologickem testu se vyuziva reakce protilatky s
antigenem (klonovanym proteinem)

Imunologicky test Ize pouzit v pripade, ze
dochazi k transkripci a translaci klonované DNA
Mame k dispozici protilatku vaci hledanému proteinu



Trideni imunologickym testem

se technicky podoba DNA/DNA hybridizaci

Bakterialni klony knihovny se nechaji narust na miskach
Prenesou se na matrici, bunky se lyzuji a uvolnéne
proteiny se imobilizuji

Prida se primarni protilatka, necha se navazat

Prida se sekundarni protilatka s prikonjugovanym
enzymem (alkalicka fosfataza, kfenova peroxidaza)

Prida se substrat a odecCte se napr. barevna reakce

(substratem pro alkalickou fosfataza je 5—bromo-4-
chloro-3-indolylfosfat-Nitro-Blue-Tetrazolium: BCIP-NBT)
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Figure 4.18
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Immunological screening of a gene library (colony immunoassay).
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Trideni pomoci proteinové aktivity

« |ze vyuzit tehdy, kdyz se v bunce syntetizuje enzym
klonovany cizorodym genem a

« tento enzym neni normalné hostitelskou bunkou
syntetizovan



Funkc€ni gen Ize identifikovat pomoci proteinové aktivity

* Vysevem na misky s vhodnym substratem

« Napf. geny pro alfa amylazu z ruznych organismu byly
identifikovany vysevem genomoveé knihovny E. coli na
medium obsahujici Skrob. Pomoci selektivniho barveni
byly identifikovany kolonie, které tento substrat utilizuji.



Trideni pomoci komplementacniho testu

« Jestlize hledané geny koduji produkt esencialni
(nezbytny) pro rust

 Knihovna je pripravena v mutantnich bunkach, ktere
rostou pouze na plnohodnotném mediu

« Bunky schopné rust na minimalnim mediu (bez
esencialniho substratu) ziskaly rekombinantni plasmid s
funkénim genem



Komplementacni test byl pouzit

 pro izolaci napf. genu kodujicich biosyntézu
aminokyselin, vitaminu, antibiotik, genu pro utvareni
nodult na kofenech motylokvétych rostlin u baktérii
fixujicich vzdusny dusik apod.

 Komplementacni test je uveden na nasledujicim obrazku



Komplementacni test — schema funkCni komplementace
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Figure 4,19 Gene cloning by functional complementation. Host cells that are de-

fective in a certain function, say A—, are transformed with plasmids from a genomic

library derived from cells that are normal with respect to function A, i.e., A+
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