Molekularni biotechnologie €.10a

Vyuziti poznatkt molekularni biotechnologie. Molekularni
diagnostika.



Vyuziti molekularni biotechnologie — v mnoha oblastech

Molekularni diagnostika

Bioremediace a vyuziti biomasy

Vyuziti Skrobu a sacharidu, utilizace celulézy
Mikrobialni insekticidy

Baktérie stimulujici rast rostlin

Vakciny a terapeutické proteiny.

Priprava a vyuziti transgennich rostlin. Nové potraviny.
Priprava a vyuziti transgennich zvirat.

Genova terapie lidskych somatickych bunek.



Molekularni diagnostika

« Diagnostikuje specifické molekuly

* viru, baktérii, hub, parazitu u lidi, zvirat, rostlin,

v klinickém materialu, ve vode, v odpadech, v
potravinach apod.



Srovnani ruznych diagnostickych metod (Glick a spol.

2003)

Table 9.1 A comparison of some of the methods used to diagnose parasite infection

Method

Microscopic examination

In vitro culture and
mouse inoculation

Detection of antibodies
in serum

DNA hybridization
and PCR

Advantages
Simple
Direct detection of parasite

Differentiates morphologically distinct
organisms

Detects only viable parasites

Measures virulence and ii'l.ft’r;"l]'\'it}"

Simple and fast
Automatable

Can be used to screen a large number
of samples

Fast, sensitive, and specitic
Detects parasite directly

Can distinguish different species
Independent of previous infections
Parasites need not be viable

Automatable

Disadvantages

Slow, laborious, and tedious
Low sensitivity
Cannot discriminate between similar organisms

Requires a high skill level

Slow and expensive

Different strains show a range of responses
Parasite may lose its viability in the specimen
Uses animals

Not always specific
Does not distinguish between active and latent
infections

Expensive and multistep

Does not distinguish between live and dead
organisms

Possible false positives and false negatives

.'\\fJP'-\‘\-I- from Weiss, Clin. Microbiol. Rev. 8:113-130, 1995.



Molekularni diagnostika je vysoce

Specificka tj. pozitivni pouze pro hledanou molekulu
(bunku) v nadbytku ostatnich molekul

Citliva (sensitivni) tj. umoznuje identifikaci malého
mnozstvi molekul (bunék), nejlépe jednu

Jednoducha a levna z duavodu praktického vyuziti



Vyuziva zejmeéna

vysoké afinity protilatek k antigenum (imunodiagnostické
metody)

DNA/DNA hybridizace komplementarnich sekvenci DNA
a DNA amplifikace (metody analyzy DNA)



Imunodiagnosticka metoda

ELISA — enzyme linked imunosorbent assay - pro
detekci specifického antigenu

Cilova molekula (bakterialni bunka s antigeny -
povrchove molekuly vyvolavajici v organismu tvorbu
protilatek) je imobilizovana na mikrotitraCni destiCce
Na antigen se vaze primarni protilatka (pfitomna napr.
ve vzorku krevniho séra)

Na primarni protilatku se vaze sekundarni protilatka s
kovalentné navazanym (konjugovanym) enzymem

Enzym reaguje se substratem za vzniku zabarveni
(positivni reakce)



arf:tlboclyims often obtained from rabbits that have been immunized with the target
antigen, while the secondary antibody is from goats immunized with rabbit anti-
bodies. The enzyme (E) is conjugated to the secondary antibody.
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Protilatka — glykoprotein (imunoglobulin)

» Je produkovana jako odpoved organismu
na stimulaci imonogenem

* Vyznacuje se schopnosti reagovat in vitro
a in vivo specificky a selektivhe s
antigennimi determinanty imunogenu,
ktery vyvolal jeji produkci

 V prirode se protilatky tvori v krevnich
bunkach savcu jako reakce na infekce —
protilatky polyklonalni



Antigen s 7 ruznymi antigennimi determinantami vyvola
tvorbu polyklonalni protilatky (Glick a spol. 2003)

Figure 9.2 Schematic representation of
a target antigen. The surface of the anti-
gen depicted has seven (numbered 1 to
7) different antigenic determinants (epi-
topes). When this antigen is used to im-
munize an animal, each antigenic deter-
minant elicits the synthesis of a different
antibody. Together, the different anti-
bodies that interact with an antigen con-
stitute a polyclonal antibody directed
against that antigen.



Dva druhy protilatek

* Polyklonalni

* Monoklonalni — soubor molekul specifickych pro jeden
epitop
e jsou produkovany hybridomy



Selekce hybridomu (Glick a spol. 2003) (spleen — slezina)
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Figure 9.3 The HAT procedure for selecting hybrid 5-M grow and divide

spleen-myeloma (hybridoma) cells.



rodukce monoklonalnich protilatek hybridomy (Glick a
spol. 2003)

Figure 9.4 Screening for the production of a monoclonal
antibody. Spleen cells from a mouse that was imm
with a specific antigen are isolated and

zed

used in culture
with myeloma cells that do not produce antibody chains.
Fused cells are selected for the ability to grow on HAT
medium, which contains hypoxanthine, aminopterin
and thymidine. Cells that produce a specific antibody to
the immunizing antigen (hybridomas) are identifiec Y
an immunoassay and individually subcultured. A hy-

Spleen "\;7 :7/3 Myeloiia bridoma, which grows in culture and secretes a single
caille type of antibody molecules, is the source of a monoclonal

antibody.
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Monoklonalni protilatky jsou pouzivany v diagnostice (Glick
A oennl onng)

POLYPEPTIDE HORMONES
° Chorionic gonadotropin
Growth hormone
Luteinizing hormone
Follicle-stimulating hormone
Thyroid-stimulating hormone
Prolactin

TUMOR MARKERS
Carcinoembryonic antigen
Prostate-specific antigen
Interleukin-2 receptor
Epidermal growth factor receptor

CYTOKINES
Interleukins 1-8
Colony-stimulating factor

DRUG MONITORING
Theophylline
Gentamicin
Cyclosporin

MISCELLANEOUS TARGETS
lhyroxine
Vitamin B,
Ferritin
Fibrin degradation products
Tau protein



Protilatky

* Mohou byt komercCné syntetizovany v E. coli

* V nich jsou klonovany geny kodujici jednotlivé retézce
imunoglobulinu



DNA diagnosticke systemy

« Jsou zalozeny na hybridizacich komplementarnich
retézcu nukleovych kyselin

« Jedna se o hybridizaci sond (znacenych
jednoretézcovych molekul)

* O hybridisaci specifickych oligonukleotidd a amplifikaci
molekul DNA (s naslednou analyzou)



Detekce genu zodpovedneho za srpkovou anémii se
sklada z téchto kroku

Amplifikaci cilové sekvence DNA

jeji stépeni restriktazou

separace fragmentd pomoci gelové elektroforézy na
agaroze

Analyza amplikonu



Detekce srpkové anémie pomoci PCR a analyzy amplikonu
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Figure 9.17  Detection of the sickle-cell anemia gene at the DNA level. A. A portion
of the sequence of the wild-type (HbA) and sickle-cell (HbS) human B-globin gene.
The amino acids (numbered from the N-terminal end of the peptide chain) encoded
by this portion of the DNA are shown above the DNA sequence. B. PCR amplifica-
tion of the portion of the B-globin gene containing the Conl recognition site that is
altered in the mutant gene. C

Conl digestion of the PCR products. The normal
(wild-type) gene has three

11 sites between the PCR primers, and the mutant
gene has two. D. Size distribution of fragcments following gel electrophoresis of
Conl-digested PCR-amplified B-globin DNA. AA homozygous condition for the
normal f-globin gene; AS, heterozygous condition; SS homozygous condition for
the sickle-cell anemia | bin gene.




Pomoci DNA sond

« S vyuzitim ligace
* Lze detekovat jednobodove mutace

 Metoda PCR/OLA (oligonucleotide ligation
assay)



Detekce jednobodové mutace v genu (Glick a spol. 2003)



Pri detekci cilovych molekul DNA

Se vyuziva afinitnich molekul
Biotin (avidin) a streptavidin

Na streptavidin |ze navazat dalsi biottiny s
prikonjugovanym enzymem
Detekuje se Cinnost enzymu



Detekce biotinem znacené cilové DNA (Glick a spol. 2003)
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Southern bloty a DNA/DNA
hybridisace

* Nachazeji uplatneni v kriminalistice



Vyuziti Southern blotu a DNA/DNA hybridizace v
kriminalistice (Glick a spol. 2003
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Figure 9.12 Southern blot of a forensic DNA s

victim, the defendant’s

nple. The DNA samples from the
t, and the defendant were treated with the same restric-
tion enzyme. Here, the banding pattern of the DNA extracted from the blood on the
defendant’s shirt is identical to the victim’s DNA banding pattern and different
from the defendant’s pattern. The sizes of the DNA molecules in these bands are es

tandards.

timated by comparison with the positions of the sizing s



DNA analyza se vyuziva v
Slechtitelstvi

* Prirozliseni kultivaru
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Figure 9.15 Ethidium bromide-stained bands following polyacrylamide gel elec-
trophoresis of PCR-amplified plant DNA. Three separate oligonucleotides were
used to amplify fragments from each of the two cultivars. Cultivars 1 and 2 show
identical patterns of bands with oligonucleotides A and C. However, they have dif-
ferent patterns when oligonucleotide B is used; hence, oligonucleotide B can be used
to distinguish between cultivars 1 and 2.
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