Heterologni expresni systém v oocytech Xenopus

Systém vhodny pro expresi gen

posttransla énim Upravam a transportu, v ¢€etné exkrece
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Strategie funk €éniho klonovani v oocytech Xenopus

Tissue
Extraction
_ _ _ v Affinity chromatography
Size fractionation
Poly(A)*RNA
Microinjection
y Microinjection Xenopus
Poly(A)*RNA > oocyte

Assay for

functional

expression

) »  cDNA library : —
Synthesis In vitro transcription
and capping

Studium vyvojovych defektu pramenicich z nadprodukce normalnich
nebo zménénych produkti genu



|Izolace klonu cDNA obsahujiciho receptor pro tachyki

mRNA

MRNA pfipravena
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cDNA, synthesis
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(1) Cut at polylinker sequence
(2) Synihesize capped lranseripls in vilro
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Inject into Xenopus
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Knihovna cDNA

testovani funkce

Oocyt, do néhoz byla
vnesena mMRNA
exprimuje membranovy
receptor pro substanci
K, neurokinin




Examples of cDNAs encoding plasma membrane proteins which

by functional expression in Xenopus oocytes

have been cloned

Protein

Reference

Receptors

Thyrotropin-releasing hormone receptor (mouse pituita

ry)

Straub et al. 1990

Serotonin 5-HT - receptor (mouse choroid plexus)

Lubbert et al. 1987

Substance K receptor (bovine stomach)

Masu et al. 1987

Glutamate receptor (rat brain)

Hollmann et al. 1989

Platelet-activating factor receptor (guinea-pig lung)

Honda et al. 1991

Carriers

Na*/glucose co-transporter (rabbit intestine)

Hediger et al. 1987

Na*-independent neutral amino acid transporter (rat
kidney)

Tate et al. 1992

Channels

K* channel (rat brain)

Frech et al. 1989

CI- channel (Madin Darby canine kidney epithelial cell)

Paulmichl et al. 1992




Dysgeneze hybrid 0 navozena transpozici P-element

Kmen P

Drosophila P'(d' Drosophila P'(Q)

(N

Rl i

embryo

i

o0

transpozice
elementd P

dereprese transponazy

inzerce elementl P
zpusobl mutace

\
& sterilnl potomstvo
7

Kmen M

P element 2,9 kb

N e

31 bp

Vysoka frekvence mutaci,
chromozomové aberace,
neschopnost tvorby gamet




Casna embryogeneze u drosofily, p

Plasma
membrane

Chorion
(protective coat)

Fertilized egg

(- 9 synchronnich
déleni jader

Germ plasm

Posterior \%. "
end

D P

A 4

—_— /F
DNA injected

e ——

pBR322

Pole cells
(germ line
precursors)

Za€lenéni procesem
transpozice,
, . Blastoderm cell
ne cely plazmid

Female pronucleus
Male pronucleus

i

Micropyle (through
—_Which sperm enters)

Fenos P-element U do zarodk u

Vajicko kmene M

* Dipleid cleavage nuclei

\

<

blastoderm Y

About 12 nuclei migrate to the
posterior pole where they form

germ line precursor cells or pole cells

Individual
blastoderm
cells formed

Transpozice P-elementu,
dysgeneze

A

Linie obsahujici P-element
v riznych genech

A

Prenos P-elementu

A 4

do potomstva




Vektory odvozené z P-element U

Structure of P-element derivative: Carnegie

i

Insert DNA as required Vice ne? 40 kb

Polylinker 31 bp inverted repeat (IR)
IR 7.2 kb rosy fragment pUCS8 vector
Lacks own transposase gene Selek €ni markery
rosy+
Struktura pomocného P-elementu: p  ©25.7 wings clipped adh ....etanol
23 bp of IR deleted neoR ...G418

therefore cannot be transposed

2 3
=g I T T [ WRReo—

IR l

Open reading frame 2
encodes transposase




Prenos gen u do drosofily zprost Fedkovany P-elementy

4 Yy h

L~
‘|70.5 mm b

_ ry- ;y- (kmen M) ] _
ry* plasmid J Pomocny plazmid

ry-ry-
(kmen M)

ry*in some
germ line cells

20-50%

ry-ry* AR
progeny



Vnaseni genk do drosofily pomoci vektoni odvozenych z P-elemerit

v nedplny P-glement
\  slouzijako vektor

cizoroda DNA 7

konce
P-elementu

Gpiny P-element

. gen pro transponazu

o= -
{] i

smés dvou plazmidl

plazmid

plazmid

&

0
of- Cizoroda DNA se vioZi do netipiného
P-elementu zaélenéného v plazmidu.
Soucasti viozené DNA je markerovy
gen pro barvu ogi (ry*).
Jedinci s timto genem
maji odi ervené.

oo-f-

Do jiného plazmidu je zaclenén
Gpiny P-element.

RO,

50,
o Oba plazmidy se smichaji

v roztoku.

chromozom
v embryu

A
.)U

chromozom

\
ansponazs>

¥ oo
St

RO

RO,
o Smés plazmidd se injikuje
do mutantniho embrya drozofily ry —.
Jedinci s mutaci ry = maji oéi
hnédé (rosy).

R0x

o V zarodecnych liniich embrya
katalyzuje transponaza kadovana
Gpinym P-elementem vy&lenéni
nedpiného P-elementu z plazmidu.

g
o Vy&lenény P-element se

v zarodeénych liniich embrya
zatlefiuje do chromozomu.

geneticky transformovana
drozofila

-
[ P d

20z
o Z embryi se stavaji dospélci.

*P\Of_
Kdyz se dospéli jedinci pomnozi,
vyhledaji se potomci,

u nichz se netipiny P-element

R0,
o Geneticky transformované polomstvo
Ize rozpoznat podle éervenych ogi
a Ize Jej chovat v laboratofi.

s ry* markerovym genem zadlenil

do chromozomu.



Vyuziti P-element u jako mutator u

Kmen obsahujici mutator Kmen s pomocnym
(defektni P-element se P-elementem a aktivni
selek&nim markerem) Tnazou (,jumpstarter “)

kFizeni /

Potomstvo obsahujici
mutéator integrovany
v nékterém genu

\

Segregace chromozomd,
eliminace pomocného P-elementu

\

~ inzer €éni

mutaganeze « Linie se sta}bilné ,
Integrovanym mutatorem

Zmeéna *

fenotypu

Studium exprese genl v tkanich i
Vyhledavani zesilovadd reportery (lacZ, GFP),

Plasmid rescue geny kodujici toxiny —
Two hybrid system mikrochirurgicke ,zakroky*

\ 4




Priprava transgennich savc u

/ cizoroda DNA \
pienos transfekef mikroinjekce |\ oplozené vajicko
nebo ., do projadra :
o retrovirovym

vektorem

embryonalni
kmenové buiiky
piipravené z

infekce ranych zarodki

ranych zarodki retrovirovym vektorem
. obsahujfcfm cizf gen
pfenos l
embryonilnich
bunék injekei do
blastocysty

blastocysta

/

mikroinjekce DNA
primo do blastocysty

pienos blastocysty
do nahradni matky

transgenni zviie



Moznosti p Fipravy geneticky modifikovanych mysi

Zivotni cyklus
mysi; stadia
béhem nichz lze
vnaset geny

F P
CSB,:D@C)

P oo N

Primordialni

Transfekce

zarodecné buriky

(intracytoplasmic
sperm injection) GFP

Mikroinjekce DNA

cké buriky

Retrovirovy
prenos

ES bunky

Prenos bunék ¢

Blastocysta

Prenos do
nahradni matky



Vytva reni transgennich mysi mikroinjekci
ciziho genu do oplozeného vaji €ka

DNA SV40, tkHSV,

lidsky inzulin, cizi gen
B-globin, — " B
interferon AN

o
a erwv
= vajitka

- .
spermie
odbér vajicek

Pronuclei

AZ 40% potomstva obsahuje
transgen zaclenény
nahodné, obvykle
tandemové ve vice kopiich
v jednom chromozomu

z vejcovodu

mikroinjekce ciziho genu lentiviroveé
do projadra vajitka vektory

implantace vajicka
do nahradni matky

exprese

nékteré mysi

= i .
obsafiuji umlceni

< cizi gen

., | Dukaz transgenu, napr. PCR,

in situ hybridizaci




Manipulace s embryonalnimi
bunkami

Izolace
blastocyst

pfenos na
Petriho misku

vysev kmenovych
bunék na Zivné médium

Kmenovymi

Transfekce, elektroporace,
retrovirova infekce

darkyné
blastocysty

Vneseni genu

pFenos kmenovych bunék
do blastocysty

odebrani

VI’Stva kmenovych bunék
fibroblastu, |
LIF

podpiirné buiky
Terape,utl,cke dierencince
kl onovani, bunék na riizné

, , ., typy

nahrada tkani
a organt

neomezeny rist chimericka
mys



Priprava transgennich mysSi ffenosem geit do embryonalnich kmenovych bugk (ESC)

+£0r
o KfiZzeni my3i kmene
X ;
s tmavou barvou srsti
a odbér embryi ve stadiu blastocysty.

N
RO

S, vnitfni @
// bunééna o Kultivace ESC izolovanych
blastocysta \ /  masa z vnitini bunégné masy.

o

RO,

Transfekce ESC
1
]

A 5
3 Y

4 N —> | RO« Vneseni
W LS -

o transfekovanych

o ESC do blastocyst
vzniklych kfizenim
rodict se svétlou srsti,

samice ) ,\\‘\-\\ %8% Pfenos blastocyst

s nepravou bfezost! po mikromanipulaci do
samice se svétlou srsti
a ziskani potomstva
se skvrnitou srsti (chimeéry).

mys se chiméra
svétlou srsti RO,
- ST - .
of X e o an'em qc_hlrper'y s mysi se svétlou
e e srsti kvili ziskani potomstva.

RO,

o Testovani DNA z tmavé zbarvenych
potomk{ na pfitomnost markerové DNA,
Tt mesul Tt nwarker jsou transgennl




Typy kmenovych burgk

dospélé tkanoveé
specifické KB

multipotentni KB
i . , "'.‘

tkanové specifické KB

embryonalni tkané

dospélé tkané




Pfiprava ES bun ék s geny knokautovanymi homologni rekombinaci

Targeted insertion of vector

P N S ve ktor DNA by homologous recombination
(m) Targeting

vector

Neomycin Ganciclovir

Vector

g

Cloned g

Chromosome with
Target gene in targeted insertion

chromosome

i Vectors

Cell with
Random no insertion

insertion

Vecto ,

. Nentarget
genein

Exon 1
(protein |
coding |
domain) p—

Cells to be

chromo- 4 hromosome with Cell with Cell with
altered gl o : ; targeted random
/ ‘Q’ random insertion s Lacasi

(a)

Cells carrying
targeted mutation

Dérkyné ES bunék Vector

y AAMmM
Nontal_rget 7 chromosome /
ne in

AAMM gl .

d
©) (d)




Vytvo reni mysi nesouci knokautovany gen

(a)

Normal Targeted A = aguti, a = black, M = standardni gen, m = mutantni alela
chromosome mutation

B . Newborn chimeric male
Darkyné blastocyst (carrying cells from two
aa MM mouse strains)

aaMM + A AMm

ES cells
from brown
mouse

Black female /
Surrogate
Blastocyst- aaMM plus AAMm g

mother
stage embryo Altered embryo

aaMM

Darkyné ES bunék

Brown mouse



Pokraovani - vytvdeni mysi s knokautovanym genem

aa MM
plus

. AaMM

Stanoveni genotypu analyzou DNA




Struktura rozpoznavaci sekvence lox P faga P1

ATAACTTCGTATA ) GCATACAT( TATACGAAGTTAT

- B, £ e - B, £ e
— | CTTOGTATA > GCATACAT( TATAGGAAGTTAT | — | ATAACTTCGTATA > GCATACAT( TATACGAAGTTAT ' —
bt iy et Ehed bl decnin, e

Podle orientace loxP sekvenci je Usek DNA mezi
nimi mistné specifickou rekombinaci prostrednictvim
Cre-rekombinazy bud deletovan nebo invertovan




Vyuziti Cre-loxP rekombina €niho systému
k selektivni inaktivaci (deleci) gen u

(A) i A

| Gene targeting

. in ES cells Mouse with target locus Transgenic mouse with
flanked by loxP sites Cre gene linked to a
loxP M loxP A loxP cell-specific promoter, P

q
Cre-rekombinaza
se tvofi specificky jen
v bunkach urcitych

|+ Cre recombinase
jiny vektor —

| loxP__ A _loxP___transientni exprese tkani
" ; Tissue/cie]bspecific l
B ., expression of Cre
M—-_{__ & —-
Q Select type | ES
W cells Ve vybranych

bunkach nebo

tkanich je gen A
deletovan

Gen A je ohranicen

sekvencemi loxP

loxP
]

Tissue or cell-specific deletion of A at target locus

Cre-rekombinaza pod kontrolou Tet-sytému = indukovatelnost




InZenyrstvi chromozom U s vyuzitim

rekombina €niho systému Cre-LoxP

(A) 1. Use sequential gene targeting to introduce
loxP site (p) plus a marker gene [#] ) into two
desired locations on different chromosomes

(B) 1. Use sequential gene targeting to introduce
loxP site plus a marker gene into two
desired locations flanking chromosomal

region to be deleted (vwv)

CEN TEL
CEN TEL
TEL @112} 15

2. Expose loxP-containing chromosomes

to Cre recombinase

translokace

CEN
TEL TEL

2. Allow to undergo intrachromosomal
‘recombination’ in presence of Cre
recombinase

g

Delece (MIKRODELECE)

e 12/15
+
P i | —————=15/12 TEL

M1 = neo, M2 = puro

TEL




Zaklad expresniho systemu indukovatelneho tetracyktiem

: >
§ tetR
]
P
tetR = teracyklinovy represor l
T, . Tetracycline or doxycycline
(TetR | \
e
- f;“ T ’
| Tedmgoe _ Targetgene
P tetO

Konstitutivni exprese TetR povede k inaktivaci jakéhololi transgenu, ktery obsahuje
sekvenci operatoru, k niz se TetR vaze. Paqaani tetracyklinu (nebo jeho analogu
doxycyklinu) dojde k jeho navazani na TetR, jehoz koformace se znéni a neni schopen se

vazat na operator, coz vede k navozeni exprese traresgu.



Genova exprese regulovana tetracyklinem

A System tet-off " | {TA = tetracycline transactivator — hybridni protein
7 . — I — | sloZeny z tetracyklinového represoru (gen = &ervend)
P a transkripéniho aktivatoru (gen = modra)

Bunééné-specificky
promotor

Pridani Dox vypina expresi transgenu

+ Dox

Dox-tTA

«<— Dox = doxycykKlin

s

_~“«—— Navazani tTA na promotor je hezbytné pro

aktivaci transkripce transgenu

tetO p Transgene tetO p Transgene

B Svstém tet . Nasobné sekvence tetracyklinového
ystem tet-on FLTA operatoru + silny eukaryoticky promotor
pe Pridani Dox zapina expresi transgenu
+ Dox — Dox rtTA = reverse tetracycline-controlled

transactivator systém — nukleotidova sekvence
tetracyklinového represoru obsahuje mutaci
zabranujici jeho vazbé na tetO; k vazbé dojde
; po interakci s Dox.

tetQ p Transgene tetO p Transgene



Tetracyklinovy systém regulace

Obé transkripcni jednotky (tTA nebo rtTA + transgen) mohou byt
umistény na jeden vektor, coz usnadnuje pfipravu transgennich
mysi.

Vyuziti:

e Sledovani dopadu tvorby defektnich proteint

e Sledovani dopadu nadprodukce urcitého normalniho proteinu
(simulace bunééné specifickych poruch)

e Testovani exprese genu u chorob, ovliviujicich jen urgity
bunécény typ

 Regulovana tvorba cre-rekombinazy

Vyhoda: oproti rekombinaéni inaktivaci (cre-lox systém) umoiiuje tet
system reverzibilni vypinani/zapinani gei




Vyuziti transgen u k usmrcovani specifickych
bun éénych typ u (mikrochirurgické zasahy)

Gen kodujici toxin (transgen) je zac¢lenén za regulacni oblast aktivni
v urcité tkané — exprese transgenu je tak cilena do bunék této tkané

Toxiny: diftericky toxin, T-antigen SV40, ricin (lektin)

Problém: exprese genu pro toxin v okamziku aktivace endogenu
(napr. v asné fazi vyvoje) muze byt letalni pro organismus

Alternativa: pouziti genu TK z HSV, ktery je zapojen za specifickou
E-P sekvenci. Bunky s timto genem nejsou usmrceny, dokud nejsou
do organismu injikovany syntetické toxické nukleotidy — ty nejsou
toxické pro bunky, v nichz k expresi genu nedochazi, protoze v nich
neni aktivovana specifickad E-P sekvence. V bunkéach, v nichz je E-P
aktivni, dochazi k expresi TK, ktera syntetické nukleotidy metabolizuje
na produkty, které zabijeji délici se bunky exprimujici dany gen.



Prehled metod k potla €eni exprese gen U bez nutnosti vytva Fet jejich mutace

Interference na urovni RNA

Interference na Urovni proteinU

Antisense RNA

Dominant negatives *

Antisense oligonukleotidy

protilatky, intrabodies **

Ribozymy nebo maxizymy

Aptamers, intramers ***

Deoxyribozymes

Sense RNA (kosuprese)

dsRNA (RNA interference)

SIRNA (RNA interference)

MIRNA

* Mutantni forma genu, jehoZ produkt vytvari spolu s produktem endogenu
nefunkéni dimer (inaktivni komplex, napf. receptor)

** Intrabody: protilatka vytvarena uvnitf bunky z transgenu — inaktivuje produkt

cilového genu

*** Aptamer: DNA/RNA oligonukleotid vazajici se na cilovy protein a inhibujici jeho
aktivitu; peptidovy aptamer: peptid vazajici se na cilovy protein. Intramer: totéz jako

aptamer, ale exprimovany z genu uvnitf buriky




Cilena exprese genu ve specifické tkani

Rat insulin SV40
enhancer-promoter early region
K_Hr o A
il aH T
< .. . #{ﬁlﬁﬁ | RIP-T ag construct
Ridi tkanové —
specifickou expresi &0

klonovaného genu Ipheritance of
do beta-bunék IJ_'I i (5 ," ,& d) ,& F]_'I ," Z::?ﬁi"ﬁs'l;ce

pankreatu

J Normal male

O Normal female

I Tronsgenicimels Transgen se exprimuje jen

v pankreatu, kde navozuje
vznik nadoru. V ostatnich
tkanich se neexprimuje.

@ Transgenic female

/ Mice that died before

12 weeks of age

Detekce

T anti -
SN protilatkou

CoEe 8 8. é 8« | Konstitutivni
e 5 DA Y o E QO v
825383888 £8 tvorba T-ag

Tkanoveé specificka exprese transgenu




Transgeny jako reportérové geny pro sledovani exprese gen U hostitele

Gene trap construct

Akceptorové — SA | lacZ P-
misto sestfihu

Construct integrates D A
within host gene

. , sestfizeno
On activation, a spliced

transcript is produced

Zaclenéni reportérového
genu do intronu genu X

On translation,
a gene X-lacZ
fusion protein
and neo protein
are produced

l
69

B-galaktozidaza vVES 4,

Selekce ES bunék
obsahujicich vneseny
konstrukt (G418),

Injekce ES bunék
do blastocyst,

. ldentifikace bunék

(tkani), kde dochazi
k expresi lacZ,

Vyhledani genu X,
ktery fidi expresi lacZ




Vyuziti reportérovych gen u k vyhledani gen u aktivnich v
ur itych fazich vyvoje

Use electroporation to
introduce construct into ES
cells

Add G418 to select
l neo-containing cells

Colonies of
surviving cells must
contain neo gene

Make a replica and
stain with X- gal /

Analogicky |ze vyuzit retrovirovych
vektorl s reportérovymi geny — infekce
tkani vyvijejiciho se organismu

Isolate colonies

Inactive lacZ “/ \ACIIVE lacZ

Grow cell
lines

\A\Injectcins
-+,

lacZ je aktivni v zavislosti na misté zaclenéni
7

Bunécéna linie obsahuijici transgen (lacZ)
zaclenény v konkrétnim misté (genu)

Sledovani exprese genu
béhem vyvoje embrya

Examine embryos
stained with X-gal A4

v v
LLn_anLa];lQnJ |_ngy_|_a1gj_| Expression

No activation | Activation

during during expression throughout
development  development embryo
\—

V

Clone gene containing integrated transgene

Inzeréni inaktivace genl vede
k pozménénym fenotyplm,
izolace téchto genl




Priprava transgennich ptak u

germinalni disk

ol blastoder cells Pluripotentni bunky (blastodermalni
S e e a primordialni) péstovaneé in vitro
©
Blastoderm =
Transgene
Transfect Cile transgenoze u drlibeze
©e0
® 290 o,
(&) o ® Odolnost proti virovym a
© . bakterialnim chorobam, proti
ot | B kokcidioze

Ozéarene recipientni
embryo (Cerstve
nakladené vejce)

NizZSi obsah tuku a cholesterolu ve
vejcich, vySsi kvalita masa

o Priprava rekombinantnich protein(:
monoklonalni protilatky, rlistovy
hormon, inzulin, HSA, interferon,
lysozym

Transgen se stal
soucasti zarodeénych

bunék

Transgenic
founder



Priklady transgennich Zivo ¢ichu

« Zvirata (mysi, dribez, hospodarska zvifata, ryby) obsahujici gen pro
ristovy hormon — rychlejSi rlist, zména vlastnosti produkt(

« Pfezvykavci obsahujici ve stfevé GMO-mikroorganismy, které redukuji
toxicitu nékterych rostlin (rozSifeni potencialu krmiv)

e Drlbez s pozménénymi travicimi schopnostmi (celuldza, lignin, tuky)
e Drubez se zvySenym obsahem lysozymu ve vejcich (vyuziti v pramyslu
a farmakologii)
« Ovce s vylepSenou srsti
* MysSi s pozméneénymi nebo inaktivovanymi geny
« studium lidskych genetickych poruch: neurodegerativni, imunitni,
hormonalni choroby,
 vliv faktorl na organismus (napf. |€ékd, mutagend)
e studium poruch paméeti

e Zvifata jako darci organu pro transplantace (xenotransplantaty) — organy
s pozménénymi antigenimi vlastnostmi vhodné pro €lovéka

e Zvifata produkujici cizorode latky v mléce, mo¢i, krvi nebo tkanich
(animal farming: zvirata jako bioreaktory)



Transgenni zvi rata

« Transgenni prasata
« Prasata exprimujici lidsky hemoglobin — 15 % lidského hemoglobinu
« Nahrazka krve pro transflize, uchovavani organua pro transplantace
« Transgenni mysSi pouzivané jako modely pfi studiu lidskych chorob

* Napf.: mysi se zménou barvy srsti, abnormality v ledvinach, kostech,
s cukrovkou, osteopetrozou, zménou vyvoje T-lymfocytl, zménénou
aktivitou interferonu, usporadani genu pro imunoglobuliny,
osteoartritis, s receptory pro viry /HIV/ a fada jinych.

« Modifikace travicich enzymu savcu

» Priprava mysi, které depolymerizuji celul6zu v tenkém stfevé —
neprezvykujici savci schopni travit celulozu.

« Transgenni kmen mysi, ktery roste bez starnuti
* Gen pochazi z kapra a kéduje protein tithonin.
» Perspektiva — zavedeni genu do dobytka — pfiprava kfehkého masa

Ovce, mysS — knokaut prionového genu

Mysi — knokaut genu pro myostatin (chybéni myostatinu vede k rlstu svall) — belgicky
modry skot, jina hospodarska zvirata



Transgenni zvi rata

e Transgenni zivo€ichové hypersenzitivni k mutageniim nebo karcinogenim
 testovani toxicity latek vnéjSiho prostredi, farmak aj.
« Transgenni prasata s genem pro somatotropin
 stejna rychlost rustu, o 15 % Uc¢innéjSi konverze potravy
 zvifata maji méné tuku a netrpi poruchami
« Transgenni ovce exprimujici gen kodujici obalovy protein visna viru
« vlastni retrovirova vakcina /retrovirus zpusobujici pneumonie, proti nimz

neni mozna vakcinace/. Zavedeni ciziho genu do ovci vede k produkci
protilatek proti proteinu a tim ochrané vUgéi infekci.

« Transgenni ryby

rezistentni k prostredi (salinita, kyselé deste)
rezistentni viéi chorobam

zvyseni prirustku ryb zavedenim genu pro chimericky vSeobecny
ristovy hormon (losos — 13-ti nasobné prirustky ve srovnani
S netransgennimi rybami)



Transgenic rodent (esp. mouse) models of disease

mice that produce human hybrid immunoglobulin

a model of malignant skin melanoma

IL-2 deficient mice that suggest IL-2 is not so important n immune response as suggested by in
vitro studies

IL-4 deficient mice are resistant to murine AIDS

Mice with altered spatial learning

studies looking at genes that can prevent diabetes in harbese diabetic mouse models

mice with altered brown fat deposits and their role in obeity research

mice with central nervous system damage by expression oftdlV protein

mice expressing gamma interferon in the liver get chroni@active hepatitis

a commercially available genetically engineered mice thaxpresses the human plasma enzyme,
cholesterol ester transfer protein, which may accelate heart disease

transgenic mice for human disease include: deficiencieas the homeobox gene Msx1 cause palate,
craniofacial and tooth development abnormalities

a model for Menkes disease

epilepsy in mice was found to be associated with a defect the ceruloplasmin gene

sensory and sympathetic neuropathies due to a disruptetrk/NGF gene

sensory defects with a lack of neurotrophic factor

various physiological changes result from lose of plasmirgen activator gene

altered muscle growth and movements from disrupted neurabphin 3 receptor gene

altered spleen development from changing the homeobox gefox11 - this gene controls the
genesis of the whole spleen, one gene one organ?

Mice lacking type IX collagen develop noninflammatory dgenerative joint disease

A mutation in the ryanodine receptor gene that is thoughtto be a calcium channel for release of
calcium from the sarcoplasmic reticulum in muscle that prazents muscle action, and causes early
depressed mice



aggressive mice

slow-learning mice

modified dopamine receptors,

mice lacking estrogen receptors,

models of prion disease

Mouse models for Alzheimer's disease

mice lacking p53 tumour suppressor gene are predisposed tancer

A mouse model of hemophilia A was made by targetted disption of the mouse factor V|
gene

a model for Helicobacter pyloriinfection, that is associated with ulcers

Studies on obesity and insulin processing

A model for Down's syndrome

Mouse models and breast cancer,

Absence of DNA excision repair gene XPA increases suscHjiity to UV-B and
carcinogens,

Genetic control of mating behaviour

Human disease models: heart and lung disease in transgemice

tuberculosis for vaccine development,

Mouse models of atherosclerosis can be effected by apajrotein A-IV

High-level expression of recombinant human fibrinogen inthe milk of transgenic mice - up
to 100% of the protein was incorporated into fully functional fibrinogen hexamers.

A new genetically engineered strain of mice that suffersdth brain degeneration and
memory deficits, and develops the same brain deposits offaotein called amyloid that are
seen in human sufferers, should allow researchers to tethe idea that the amyloid
deposition actually causes the brain changes that leads toemory loss in Alzheimer's
Over 1200 mutations have now been catalogued in mice, tia wide range of phenotypes




Transgenni mys (vlevo) obsahujici gen pro lidskyistovy hormon




Péstovani ryb v
akvalkulturach

Kapr,losos,siven,
tilapie

Figure 11.18 Normal coho salmon (lelt) and genetically en- fish on the left is about 4 inches long. [Courtesy of R. H.
Devlin. Reprinted by permission from Nature 371: 209,

gineered coho salmon (right) containing a sockeye salmon
R. H. Devlin, T. Y. Yesaki, C. A. Biagi, E. M. Donaldson,

growth-hormone gene driven by the regulatory region [rom

a metallothionein gene. The transgenic salmon average 11 P. Swanson, and W. K. Chan. Copyright 1994 Macmillap
times the weight of the nontransgenic fish. The smallest Magarines Ltd.]
-

Pirenos ges do ryb: do oplozeného vagka nebo do¢asného zarodku je mikroinjekci
nebo elektroporaci do cytoplazmy penesena DNA (dinnost 10-30%), pak Kizeni
transgennich ryb — ustaveni transgennich linii

- Rastovy hormon (all-fish n. all- salmon) pod kontrol@ntifreeze proteinu® — slimule am.

Vyuziti ryb ke sledovani mutagennich latek v prostedi: transgen: mutantni gen pro rezistenci k
antibiotikim nebo mutantni gen cll faga lambda



Mutagenezein vivo: mutace gem faga lambda za&lenéného v genomu ryb

Tandem bacteriophage?utransgene Mutace genu C” SnliUJe
(EELENERRRREN, pravdépodobnost, Ze nastane
l‘é';?;t;lgrpj;l with chemical Iyzogen |%ace . i )
Vzorek faga se zvysSenym pétem

{H T HHA K ol | @=cumutation mutaci v genu cll bude tvarit vice
i plak nez vzorek s fagy bez mutaci

lPackaging mixture: heads and tails Vv CI I

o 290
i o [ Jiny systém testovani mutagei na transgennich
rybach pouziva plazmidovy transgen zodpo&dny
H O O za citlivost k antibiotik im jako cile pro mutaéni
H pusobeni.E. coli je transformovana plazmidovou
O O H DNA, ktera je izolovana z ryb ovlivnénych
‘ H H mutagenem. Zvysena frekvence kolonii
rezistentnich k antibiotikim (srovnani izolati z ryb
lpackagedbmophage na néz bylo a nebo nebylo gsobeno mutagenem)

? T ? odrazi silu mutagenu.

Plaque assay

Siele
| O



Zvirata jako zivé tovarny (,animal farming®)

lidsky gen klonovany
v retrovirovém vektoru

_~—~ mikroinjekce DNA do

|

‘projadra oplozeného vaji¢ka

prenos vajicka
do nahradni matky

transgenni potomstvo,
v jehoZ mléc¢né Zlaze se
tvori lidsky protein

mléko obsahujici
lidsky protein

v

izolace cistého
proteinu



Priklady latek vytva Fenych v transgennich zvi ratech

Zvire Latka Vyuziti

ovce Alfa-1-antitrypsin Lécba rozedmy plic

koza Tkanovy aktivator plazminogenu Rozpousténi krevnich
Srazenin

ovce Faktor pro srazeni krve VIII, 1X Navozeni srazeni krve

prase hemoglobin Nahrazka krve pfi transfizi

koza Lidsky rlistovy hormon Lécba nanismu

ovce, mys Regulator CFTR Lécba cysticke fibrozy

prase Lidsky protein C Antikoagulans krve

koza — protein pavouciho vlakna v mléce, atp.
krava — lysozym nebo lysostafin v mléce




New genes introduced into farm animals to alter growth chatacteristics

Species Regulatory element Structural gene
Pig  Mouse metallothionein promoter Human growth hormone
Pig  Mouse metallothionein promoter Human growth hormone
Sheep Mouse metallothionein promoter Human growth hormone
Pig  Mouse metallothionein promoter Bovine growth hormone
Pig  Human metallothionein promoter Porcine growth hormone
Pig  Mouse metallothionein promoter Human growth hormone releasing factor
Pig  Mouse Moloney leukaemia virus long terminal repeat Rat growth hormone
Pig  Mouse albumin promoter Human growth hormone releasing factor
Cow Mouse mammary tumour virus long termina repeat Bovine growth hormone
Sheep Mouse metallothionein promoter Bovine growth hormone
Sheep Ovine metallothionein promoter Ovine growth hormone
Pig  Mouse metallothionein promoter Human growth hormone releasing factor
Sheep Mouse metallothionein promoter Human growth hormone releasing factor
Pig  Mouse metallothionein promoter Human insulin-like growth factor I
Pig  Bovine prolactin promoter Bovine growth hormone
Pig  Cytomegalovirus long terminal repeat Porcine growth hormone
Pig  Rat phosphoenol pyruvate carboxykinase promoter ~Bovine growth hormone
Cow Chicken skeletal actin promoter Human oestrogen receptor
Sheep Mouse transferrin promoter Bovine growth hormone
Pig  Mouse sarcoma virus long termina repeat Chicken SKI

Cow  Chicken skeletal actin promoter Human insulin-like growth factor I



Klonovani savc u

Odebrani
bunék

z mlééné
Zlazy bilé
ovce a jejich
pienos do
media se
sniZenou
koncentraci

Yivin \

Umisténi obou
bunék do tésné
blizkosti a
navozeni jejich
splynuti

elektrickym A

impulzem.
Dalsi impulz

nastartuje bunééné /

déleni

Prenos
vyvijejiciho *

se embrya &

do délohy
nahradni
matky,
ktera
zarodek
donosi

Odebrani
neoplozeného
vajitka z ovce
¢ernohubky a
odstranéni jeho
jadra
obsahujiciho
chromozomovou
vybavu

MozZnost pienosu

cizich genii

Narozené jehné Dolly
ma4 stejnou vybavu
chromozomii jako bila
ovce, z jejiz mlééné
Zlazy byla buiika
odebrana



Transgenni bakterie (Rhodococcus) produkujici toxin
(cekropin) usmrcujici trypanozomy ve st  reveé plostic

Cekropiny — polypeptidy
s antibakterialnim
ucinkem z hmyzu (slozka
imunity)

Complementary
DNA encoding Plasmid vector

cecropin A

Transformed R. rhodinii in
into hindgut od reduvii

\
-@

Rhodococcus rhodinii Transformed R. rhddinii

T. cruzi reduced Hindgut od reduviid bug
or eliminated T cruzi

_ Rhodnius prolixus
2., (reduviid bug)

Insects colonized
with transformed
R. rhodnii

Trypanosomes Cecropin A
destroyed produced
endogenous in

hindgut







Ruzné osudy DNA viru leukémie pop Fenosu do mySi —
zavislost na c¢ase a metod é prenosu

virus my$[ leukémie klonovana provirovd DNA MulLV
infekce

mikroinjekce - mikroinjekce

do jadra do cytoplazmy
. &
embryo o 32 bufikach 8 az 10denn[ embryo oplodné&néa
l mysi vaji¢ka
implantace
do novych matek

@@6@@_

‘l mléddata

MuLV se vyskytuje MulV se naléz4 MulV jedna kopie MuLV
pouze ve v8ech tkédnich; tandemové sefazeny se vyskytuje
v nékterych bufikéch nemethylovany ve v3ech bufikéch; v kaZdé burice;
malého.podtu tkéqf; a siln& exprimovany silné methylovéany ~ 10 % mys( '
silné methylovany 2 neexprimovény produkuje
a neexprimovany ) MulV-mRNA
Mozaikovitost, Virus plsobi 20-40 kopii Tkanoveé
1 kopie integrovana | | jako infekéni v jednom specificka
v rznych mistech agens chromozomu exprese




Analyza sexualni determinace — funkce genu sry

1. Lokalizace genu Tdy (Sry) na chromozomu
2. 2. Klonovani genu z oblasti Tdy

14 kb fragment nesouci

Inject Sry transgene gen Sry (ij. jedina DNA
info- XX sgg z chromozomu Y, kteréa

je nyni ve vaji¢ku)

XX - Fertilized

l eggs

XX  Genoyps ——» Samic
o  Phenotype — samci

DNA zodpovédna za
— Sty aktivitu genu Sry (neni

 ONAconirdl  «—— | nachromozomu Y)

— Y-specific control

Gen Sry podminuje tvorbu saméich pohlavnich organt




Objasn éni vyvojovych vztah u mezi bu nkami

hypofyzy

@ diferenciace . ©

Bunky syntetizujici Buriky syntetizujici prolaktin

L

Prekurzorova bunka

ristovy hormon (GH)

Zvirata s genem tk pod kontrolou Pg (1) Pp (2)

tk
1) Pey
[

exprese

X X

GH

Trpaslici

|

|

Psy = promotor genu pro GH

Pp = promotor genu pro prolaktin

tk
2) Pp
L] |
Injekce l
analogu @
nukleosidu

V bunkéach, v nichz je P aktivni,
dochazi k expresi TK, ktera
analogy nukleotidi metabolizuje
na produkty, které zabijeji délici
se bunky exprimujici dany gen.

/ \ exprese
oD

Normalni rQst

Zavery:.

» Bunky syntetizujici prolaktin
se nedéli (nejsou usmrcovany)

* Bunky syntetizujici GH jsou
prekurzory bunék
syntetizujicich prolaktin




