Priprava transgennich savcl

— prenos genu do bunék, které musi byt schopny dat vznik celému jedinci
- vyuziti zarodeCnych bunék (x rostliny — somatické bunky)

- je potreba mit vhodny systém selekce
- cela rada moznosti jak pripravit transgenni mys

V praxi se pouzivaji predevsim 2:
a) pfima mikroinjekce cizorodé DNA pro prvojadra oplozeného vajiCka
- obvykle samci prvojadro — vétsi a blize povrchu

- pfenos do pseudopregnantni samice (hormony, kopulace se steril. sameCkem)

b) genové manipulace s ESC a injekce do blastocysty
- presné (cilené) modifikace genomu — Ize provadét selekci in vitro (HR)

- pfenos zpeét do blastocysty a poté do nahradni matky



Priprava transgennich savcu
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Moznosti pripravy geneticky modifikovanych mysi
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Vytvareni transgennich mysi mikroinjekci
ciziho genu do oplozeného vajicka

P atd
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lidsky inzulin, cizi gen z vejcovodu
B-globin, — =
interferon NS mikroinjekce ciziho genu
do projadra vajicka

implantace vajicka
do nahradni matky
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transgen zaclenény
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Manipulace s embryonalnimi kmenovymi
bunkami

ESC — pluripotentni kmenové bunky vnitfni bunécné masy blastocysty
- izolace a propagace mysich — poprvé Evans 1981

letters to nature
Nature 292, 154 - 156 (09 July 1981); doi:10.1038/292154a0

Establishment in culture of pluripotential cells from mouse embryos

M. J. EVANS™ & M. H. KAUFMANT

Departments of Genetics” and Anat:}mﬂ'. University of Cambridge, Downing Street, Cambridge CB2 3EH, UK

- odebrani blastocyst (4-6 dni po oplozeni)
- enzymaticka/mechanicka disociace bunék vnitfni bunécné masy

- kokultivace s podpurnymi bunkami (fibroblasty)



Typy kmenovych bunék

dospélé tkanoveé
specifické KB

multipotentni KB
S,
tkariové specifické KB 'd an




Manipulace s embryonalnimi kmenovymi
bunkami
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Priprava transgennich mySi prenosem genti do embryonalnich kmenovych bunék (ESC)
RO
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X s tmavou barvou srsti
a odbér embryi ve stadiu blastocysty.

/

S 20
vnitini P~ . ,
bun&éna 0 Kultivace ESC izolovanych
blastocysta masa z vnitfni bun&&né masy.

B0
— o Transfekce ESC
@ ‘“~\\ markerovou DNA (x).
\
|

\“\\-\\ X 3\\-\\ — RO~ \neseni
0 transfekovanych
ESC do blastocyst
vzniklych kfizenim
rodicl se svétlou srsti.
samice ¥ 207 Prenos blastocyst
s nepravou bfezosti o, o po mikromanipulaci do

a ziskani potomstva

samice se svétlou srsti
l se skvrnitou srsti (chiméry).

mys se chiméra

svétlou srsti RO,

\ WS O «iizeni chiméry s mysi se svatiou
¥ X S vee o CUmery & Y

N AN srsti kvli ziskani potomstva.

/N %
0 Testovani DNA z tmavé zbarvenych

o X potomki na pfitomnost markerové DNA.
A Mys3i nesouci tento marker jsou transgenni.

mys se mys s tmavou srsti
svétlou srsti (potencialné 8
(netransgenni) transgenni)



Priprava knokautovanych mysi po prenosu gent do ES bunék

INJECT ES CELL
WITH INTERRUPTED
GENE INTO NORMAL

BLASTOCYST

MIXED EMBRYO Foster mother
IS IMPLANTED INTO
CHIMERIC MOUSE AND
—— NORMAL MOUSE
S X

Blastocyst Mixed
embryo

FURTHER BREEDING TO

PRODUCE MICE
HOMOZYGOUS FOR THE
INTERRUPTED GENE
Mice heterozygous for Normal mice
KNOCKOUT MOUSE interrupted gene




Nejcastéji pouzivané mysi kmeny — rada riuznych kombinaci
129 — black agouti (hn&da), chinchilla (Seda), white (bila)
C57BL/6 — black (Cerna)

Balb/c — white (bila) (v kombinaci s black C57BL/6 pigmentem je agouti)

- kmeny se liSi robustnosti ESC/dospélcu, znalosti genomu, produkci potomkut (C57BL/6 pojidaji
sva mladata), uspésnosti ESC zadlenit dat vznik potomkim na urcitém genet. pozadi, ...

Agouti 129 - dominantni nad black C57BL/6
Black C57BL/6 dominantni nad Balb/c white

jecti You Don 't
Injection Pups Mate to want ot
; ﬂf‘j} ‘D ﬁh -
129 ES cells Chimera T Ve
into B6 blast
=R D P
B& ES cells Chimera
' i 5N E ' into Balb/c bl
- ale i dalSi mozné kombinace into Balb/c blast
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Priprava ES bunék s geny knokautovanymi homologni rekombinaci

Targeted insertion of vector

DNA by homologous recombination
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Vytvoreni mysi nesouci knokautovany gen

(a)
Normal Targeted A = aguti, a = black, M = standardni gen, m = mutantni alela
chromosome mutation
chiméra
, N Newborn chimeric male
Darkyne blastocyst (carrying cells from two
2a MM mouse strains)
aaMM + AAMm
AAMmM
x\-{\_“
Black female
ES cells aaMM plus AAMm Surrogate
from brown Blastocyst- Altered embryo mother

stage embryo

aaMM

Darkyné ES bunék

Brown mouse



PokraCovani - vytvoreni mysi s knokautovanym genem

Stanoveni genotypu analyzou DNA 14




Struktura rozpoznavaci sekvence lox P faga P1

ATAAGTTCGTATA ) GCATACAT{ TATACGAAGTTAT

.............................

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

15




Vyuziti Cre-loxP rekombinacniho systemu
k selektivni inaktivaci (deleci) genli

(A)

- i}—_—; ==
onP "OXP
il _GeEng taﬁ:]eting Mouse with target locus Transgenic mouse with
W 0 Eoeen flanked by loxP sites Cre gene linked to a
foxP___ cell-specific promoter, P
} = Cre-rekombinaza
. se tvori specificky jen
Q + Cre recombinase v s vig s
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loxP A JoxP transientni exprese tkani
| — Hi— .
| — - — | Tissue/cell-specific
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1 L

Cre-rekombinaza pod kontrolou Tet-systému = indukovatelnost




FLP-FRT systéem

kvasinkovy enzym Flp rekombinaza (flipaza), 34 bp FRT sekvence

rizné typy FRT sekvenci — rekombinace pouze mezi stejnymi typy

a -10 +1 +10

| | |
‘ = 5 GAAGTTCCTATICTCTAGAAAGTATAGGAACTIC &

9 =




Vytvoreni knock-in mysi

Mouse genomic locus

i = = m . B
1 2 3 4 5 B 7
Targeting vector
—MW TH —
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Targeted allele (after homologous recombination)
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Constitutive Kl allele (after Flp recombination)

o | m - - |
1 2 3 4 5 6 7
w== MOUNS gencmic reglon h FRT site SHA: Short Homology Arm

.5,:’ "l
% untranslated region s polyadenylation signal

B coding exon

LHA: Long Homelogy Arm

Takto Ize pfipravit nejen knock-in my$ (mys exprimujici néjaky ,novy gen®) ...

— umistén obvykle do nekritického regionu

... ale i ménit sekvence genu (oprava mutaci, zavadéni mutaci, ...)
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InZenyrstvi chromozomu s vyuzitim
rekombinacniho systemu Cre-LoxP

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

region to be deleted (vwv)

CEN TEL
TEL —C— P i ——12 CEN

CEN TEL TEL TEL
TEL =@ {12} 15

2. Allow to undergo intrachromosomal
2. Expose loxP-containing chromosomes ‘recombination’ in presence of Cre

to Cre recombinase recombinase

translokace ¥

- - 12/15 @ Delece (MIKRODELECE)

+
15/12 TEL

TEL

M1 = neo, M2 = puro 20




Z.aklad expresniho systému indukovatelného tetracyklinem

E tetR

Y

tetR = tetracyklinovy represor l

. Tetracycline or doxycycline

=4y >
@ - Target gene _ Target gene
E— EZZE

P tetO P tetO

Konstitutivni exprese TetR povede k inaktivaci jakéhokoli transgenu, ktery obsahuje
sekvenci operatoru, k niz se TetR vaze. Po pridani tetracyklinu (nebo jeho analogu
doxycyklinu) dojde k jeho navazani na TetR, jehoZ konformace se zméni a neni schopen se
vazat na operator, coZ vede k navozeni exprese transgenu.

21



Genova exprese regulovana tetracyklinem

A System tet-off {TA T tTA= tetracycline transactivator — hybridni protein
o slozeny z tetracyklinového represoru (gen = ervena)
P a transkrip&niho aktivatoru (gen = modra)

Bunécné-specificky
promotor

T Pridani Dox vypina expresi transgenu

) tTA

<+«— Dox = doxycyklin : o _ ]
e _~«—— Navazani tTA na promotor je nezbytné pro

P - aktivaci transkripce transgenu

tetO p - " tetO p Transgene
Svstém tet = Nasobné sekvence tetracyklinového
B - r " r . r
ystem tet-on rTA operatoru + silny eukaryoticky promotor

B Pridani Dox zapina expresi transgenu
2 Bgse rtTA = reverse tetracycline-controlled

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

22
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Tetracyklinovy systém regulace

Obé transkripCni jednotky (tTA nebo rtTA + transgen) mohou byt
umisteny na jeden vektor, coz usnadnuje pripravu transgennich
mysi.

Vyuziti:

- Sledovani dopadu tvorby defektnich proteinu

« Sledovani dopadu nadprodukce urcitého normalniho proteinu
(simulace bunécné specifickych poruch)

- Testovani exprese genu u chorob, ovliviujicich jen urCity
bunécny typ (tTA/rtTA pod bunécné specifickym promotorem)

« Regulace tvorby cre-rekombinazy/flipazy

Vyhoda: oproti rekombinacni inaktivaci (cre-lox systém) umoziuje tet
systém reverzibilni vypinani/zapinani genu

| jiné inducibilni systémy u eukaryot:
- indukce tamoxifenem, ecdysonem, mifepristone ... 23



A No Tamoxifen B Tamoxifen

|Cell-specific PROM[—— Cre-ER |

Q + [R26 GFP|

Nucleus

Key
Rosa 26 promoter Inactive Cre @D Tamoxifen
b LoxP sites Active Cre

Hybridni rekombinaza s vazebnou doménou estrogenového receptoru

- k aktivaci enzymatické aktivity dochazi po vazbé tamoxifenu

24



Vyuziti transgenu k usmrcovani specifickych
bunéénych typu (mikrochirurgické zasahy)

Gen kodujici toxin (transgen) je zaClenén za regulacni oblast aktivni
v urcité tkani — exprese transgenu je tak cilena do bunek této tkane

Toxiny: diftericky toxin, ricin, Pseudomonas exotoxin A, ...

Problem: exprese genu pro toxin v okamziku aktivace endogenu
(napf. v Casné 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 syntetickeé toxické nukleotidy — ty nejsou
toxické pro bunky, v nichz k expresi genu nedochazi, protoze v nich
neni aktivovana specificka E-P sekvence. V bunkach, v nichz je E-P
aktivni, dochazi k expresi TK, ktera syntetické nukleotidy metabolizuje
na produkty, ktere zabijeji delici se bunky exprimujici dany gen.

- obdoba i cytidin-deaminaza + 5-fluorocytosin — 5-fluorouracil



Prehled metod k potlaceni exprese genul bez nutnosti vytvaret jejich mutace

Interference na urovni RNA

Interference na Urovni proteint

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
nefunk¢ni dimer (inaktivni komplex, napf. receptor), i DNA-vazebné domeény TF

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

cilového genu

*#* Aptamer: DNA/RNA oligonukleotid vazajici se na cilovou molekulu a inhibujici
jeho aktivitu; peptidovy aptamer: peptid vazajici se na cilovy protein. Intramer: totéz
jako aptamer, ale exprimovany z genu uvnitf buriky

26




Cilena exprese genu ve specifické tkani

Ridi tkariové
specifickou expresi
klonovaného genu
do beta-bunék
pankreatu

Rat insulin SV40
enhancer-promoter early region
/_L\ r *
B
. YRR 9
| Suil

T-antigen SV40 —
vyznamny
onkogen —
schopnost
transformace

DEOSSOSUS

O Normal male
O Normal female

B Transgenic male

@ Transgenic female
P Mice that died before

12 weeks of age

RIP-T ag construct

Inheritance of
transgene in
one line of mice

Transgen se exprimuje jen
v pankreatu, kde navozuje
vznik nadord. V ostatnich
tkanich se neexprimuje.

) ] e
£ 3 2 3 & o
2858 23 ¢8c29E
ECS53=EL2EFS

Thymus

Detekce

Tentigen| 1 rotilatkou

Konstitutivni
tvorba T-ag

\

mL

8
W
O
()

Tkanoveé specificka exprese transgenu
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Transgeny jako reportérové geny pro sledovani exprese genu hostitele

Gene trap construct

Zaclenéni reportérového
genu za intron genu X

lacZ

Akceptorove > SA| lacZz | P -
misto sestfihu
Construct integrates
within host gene
sestfizeno

On activation, a spliced
transcript is produced

—

On translation, l

a gene X-lacZ
fusion protein

and neo protein w
are produced 4

B-galaktozidaza

&

v ES

. Selekce ES bunék

obsahujicich vneseny
konstrukt (G418),

. Injekce ES bunék

s

do blastocyst,

|dentifikace bunék
(tkani), kde dochazi
k expresi lacZ,

. Vyhledani genu X,

ktery fidi expresflacZ




Analogie fly-trap systému u Drozofily

- reportéroveé konstrukty — P{GAL4} systém -

- nahodna inzerce GAL4 (kvasinkovy TF) — muze se dostat pod kontrolu endogenniho
promotoru/enhanceru

- misto a Cas exprese GAL4 Ize studovat po kfizeni s kmenem, kde exprese
reportérového genu (lacZ, GFP) — charakterizace promotoru/enhanceru

- kdy a kde a za jakych podminek je aktivni

- tyto promotory pak vyuzity pro cilenou
expresi v urCité tkani v urCitém Case

Genomic enhancer P{GAL4} element Drosophila gene
( GAL4 white*  amp® ori
Ll — | "

. R\
—U—W " Visualisation

5x UASq lacZ/glp
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ti reportérovych genu k vyhledani genu aktivnich v

urcitych 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

Analogicky lze vyuzit retrovirovych
vektory s reportérovymi geny — infekce
tkani vyvijejiciho se organismu

Isolate colonies
Inactive IacZ/ \ Active lacZ

Grow cell
lines

0
\A\lnjectc‘ens

v v

v

v
No activation | Activation | [|nactivation| [ Regulated | Expression

during during expression throughout
development development embryo
—

~

Clone gene containing integrated transgene

lacZ je aktivni v zavislosti na misté zaclenéni

Bunécna linie obsahujici transgen (lacZ)
zaClenény v konkrétnim misté (genu)

Sledovani exprese genu
béhem vyvoje embrya

Examine embryos
stained with X-gal v

InzerCni inaktivace genul vede
K pozménénym fenotypﬁrrgb
izolace téchto genu




Priprava transgennich ptaku

germinalni disk

——,  lolatcblastodemn cells Pluripotentni bunky (blastodermalni
' S, a primordialni) péstované in vitro
Germinal disc @
Thmkalb\uinen N e oume Blastoderm [ —
Eggsheu& \\\_7” ! f_. Yolk Transgene
[( N\ o Transtec Cile transgenoze u dribeZe
— @ @g @@ Odolnost proti virovym a
- © o bakterialnim chorobam, proti
. nject transfecte o . .,
ek l';:r;z:‘;z::,f::::;:“’ kokcidioze

NizSi obsah tuku a cholesterolu ve

Ozafené recipientni
/ vejcich, vyssi kvalita masa

embryo (Cerstve

4 H Subgerminal s . , )
nakladene vejce) | e P¥iprava rekombinantnich proteind:

monoklonalni protilatky, ristovy
hormon, inzulin, HSA, interferon,
lysozym

Transgen se stal
soucasti zarodecnych

Chimera

bunék
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Methods of creating transgenic birds

Key
d blastodermal cells
& —— embryonic stem cells
ﬁ— primordial germ cells/adult germ-stem cells
“W®— fibroblasts
3 germ-like cells

4. Chimeric embryo develops, hatches, matures

germ-line chimera

Engineered cells incorporate only into the gonads
(testes and ovaries.) Somatic (body) issues are
normal, Offspring carry engineered genes.
Transformed fibroblasts incorporate into gonads, but
it is unknown if they will transmit to offspring.

transgenic chick

somatic-cell chimera
Engineered cells incorporate
throughout somatic tissues, but do
not integrate into germline.
Offspring are normal.

grean flourescent
protein gene

3. Inject cells into
. developing embryo non-transgenic

chick




Priprava transgennich ptaku

- i postupy s infekci blastodermu retroviry
- pripadneé i infekce Casného embrya (12-14 den)

Shedl

G0 mosaic

THENDS in Saleninoingy

- nelze z bezpeénostnich davodu aplikovat pfi produkci driibeze pro jidlo



1. Inject engineering complex

:::to :eveloping embryo’s Por A new methOd
1 of creating
o transgenic birds

2. Chimeric embryo develops, hatches, matures

' germ-line chimera
~ In this chimera, a portion of the
[/

sperm or eggs carry the engineered
) \ genes. These genes are passed on
L)
¢
q

to offspring.

4 transgenic chick
Primordial germ cells F }
pass through the oY
bloodstream; some | -

are engineered.

Primordial germ cells — migruji krvi do gonad 34



Priklady transgennich zivoéichu

- Zvifata (mySi, drabez, hospodarska zvifata, ryby) obsahujici gen pro
rustovy hormon — rychlejsi rast, zména vlastnosti produktd

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

* Drlabez s pozménénymi travicimi schopnostmi (celuldza, lignin, tuky)
* Drlbez se zvySenym obsahem lysozymu ve vejcich (antibakterialni
ucinky - vyuziti v prmyslu (vejce déle vydrzi) a farmakologii)
* Ovce s vylepsenou srsti
* MysSi s pozménénymi nebo inaktivovanymi geny
« studium lidskych genetickych poruch: neurodegerativni, imunitni,
hormonalni choroby,
 vliv faktoru na organismus (napf. €k, mutagenu)
e studium poruch pameti

- Zvifata jako darci organu pro transplantace (xenotransplantaty) — organy
s pozmenéenymi antigenimi vlastnostmi vhodné pro Clovéka

« Zvirata produkuijici cizorodé latky v mléce, moci, krvi nebo tkanich

(animal farming: zvirata jako bioreaktory) 15



Transgenni zvirata

Transgenni prasata
* Prasata exprimujici lidsky hemoglobin — 15 % lidského hemoglobinu
* Nahrazka krve pro transfuze, uchovavani organu pro transplantace
Transgenni mySi pouzivané jako modely pfi studiu lidskych chorob

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

Modifikace travicich enzymu savcu
« Priprava mysi, které depolymerizuji celulézu v tenkém streve —
neprezvykujici savci schopni travit celulozu.
Transgenni kmeny mysi - ,pomalejsi starnuti“ — dlouhovékost

Fosfoenolpyruvatkarboxykinaza (PEPCK-C) — vysSSi metabolicka aktivita,
vySSi aktivita (pofad béhaiji), rodi i v pozdnim véku, ziji déle ...

Ovce, mys — KO prionového genu
MysSi — knockout genu pro myostatin (chybéni myostatinu vede k rustu svall) — belgicky

modry skot (mutace v genu pro myostatin), jina hospodarska zvirata
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Transgenni zvirata

« Transgenni ZivoCichoveé hypersenzitivni k mutagenum nebo karcinogenim
 testovani toxicity latek vnéjSiho prostfedi, farmak aj.
« Transgenni prasata s genem pro somatotropin

stejna rychlost rastu, o 15 % ucéinnéjsi konverze potravy

« zvifata maji méne 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 vuci infekci.

* Transgenni ryby

rezistentni k prostredi (salinita, kyselé desté)
rezistentni vic¢i chorobam

zvySeni prirustku ryb zavedenim genu pro chimericky vSeobecny
ristovy hormon (losos — 13-ti nasobné pfirustky ve srovnani
S netransgennimi rybami)
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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 in 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 non-obese diabetic mouse models

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

mice with central nervous system damage by expression of a HIV protein

mice expressing gamma interferon in the liver get chronic active hepatitis

a commercially available genetically engineered mice that expresses the human plasma enzyme,
cholesterol ester transfer protein, which may accelerate heart disease

transgenic mice for human disease include: deficiencies in 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 in the ceruloplasmin gene

sensory and sympathetic neuropathies due to a disrupted Trk/NGF gene

sensory defects with a lack of neurotrophic factor

various physiological changes result from lose of plasminogen activator gene

altered muscle growth and movements from disrupted neurotrophin 3 receptor gene

altered spleen development from changing the homeobox gene Hox11 - this gene controls the
genesis of the whole spleen, one gene one organ?

Mice lacking type IX collagen develop noninflammatory degenerative joint disease

A mutation in the ryanodine receptor gene that is thought to be a calcium channel for release of
calcium from the sarcoplasmic reticulum in muscle that prevents muscle action, and causes’ %arly
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 to cancer

A mouse model of hemophilia A was made by targetted disruption of the mouse factor VIII
gene

a model for Helicobacter pylori infection, 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 susceptibility to UV-B and carcinogens,
Genetic control of mating behaviour

Human disease models: heart and lung disease in transgenic mice

tuberculosis for vaccine development,

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

High-level expression of recombinant human fibrinogen in the 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 suffers both brain degeneration and
memory deficits, and develops the same brain deposits of a protein called amyloid that are
seen in human sufferers, should allow researchers to test the idea that the amyloid
deposition actually causes the brain changes that leads to memory loss in Alzheimer's
Over 1200 mutations have now been catalogued in mice, with a wide range of phenotypes
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Transgenni mys (vlevo) obsahujici gen pro lidsky ristovy hormon

Nature. 1982 December 16; 300(5893): 611-615.

Dramatic growth of mice that develop from eggs microinjected
with metallothionein—growth hormone fusion genes

Richard D. Palmiter , Ralph L. Brinster”, Robert E. Hammer', Myrna E. Trumbauert Michael
G. Rosenfeld, Neal C. Birnberg®, and Ronald M. Evans$
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Péstovani ryb v
akvalkulturach

Kapr, losos, siven,
tilapia (okonouvec)

Figure 11.18 Normal coho salmon (lelt) and genetically en- fish on the left is about 4 inches long. [Courtesy of R. H.
gineered coho salmon (right) containing a sockeye salmon Devlin. Reprinted by permission from Nature 371: 209,
growth-hormone gene driven by the regulatory region [rom R. H. Devlin, T. Y. Yesaki, C. A. Biagi, E. M. Donaldson,
a metallothionein gene. The transgenic salmon average 11 P. Swanson, and W. K. Chan. Copyright 1994 Macmillan
times the weight of the nontransgenic fish. The smallest Magarzines Ltd.] j

Prenos genti do ryb: do oplozeného vajicka nebo do ¢asného zarodku je mikroinjekci
(elektroporaci, liposomy, pomoci samcich pohlavnich bunék) prenesena DNA, zisk
chimerické ryby, pak kriZeni transgennich ryb — ustaveni transgennich linii ryb

Ristovy hormon (all-fish n. all- salmon) — rychlejsi rist
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Vyuziti

GloFish — exprese riznych barevnych proteint

AquAdvantage losos — schvalen FDA 2015 pro komercni produkci a konzumaci
(rastovy hormon)

Sledovani zne€isténi prostiedi

- luc gen pod kontrolou promotort aktivovanymi t€zkymi kovy

- sledovani mutagenich latek v prostfedi (mutace v transgenech lacl, clI, ...)
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Mutageneze in vivo: mutace gent faga lambda za¢lenéného v genomu ryb

Tandem bacteriophage X transgene

Mutace genu cllI sniZuje

TOOOO0000T pravdépodobnost, Ze nastane

lg;?f;c?rgrﬂ with chemical lyzogenizace.
Vzorek fagi se zvySenym poctem

{HHH K H K H Kol | @ = curmutation mutaci v genu cll bude tvoftit vice

. plak nez vzorek s fagy bez mutaci
JPackaging mixture: heads and tails \% CII.
]
0 - 0 9 Jiny systém testovani mutagenii na transgennich

rybach pouziva plazmidovy transgen zodpovédny

i
O O O H O H O za citlivost k antibiotikiim jako cile pro mutaéni

pusobeni.

H O O H H H E. coli je transformovana plazmidovou DNA, ktera
H je izolovana z ryb ovlivnénych mutagenem.

ZvysSena frekvence kolonii rezistentnich

k antibiotikiim (srovnani izolati z ryb na néz bylo a

nebo nebylo piisobeno mutagenem) odrazi silu
T ? ? ? T ﬁj o
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Plaque assay



Zvirata jako zivé tovarny (,,animal farming®)

pharming
© lidsky gen klonovany

v retrovirovém vektoru

' mikroinjekce DNA do
‘projadra oplozeného vaji¢ka

prenos vajitka
do nahradni matky
Promotor genu pro

lactoglobulin — produkce
transgenu v mléce

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

mléko obsahujici
lidsky protein

v

izolace Cistého
proteinu
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Priklady latek vytvarenych v transgennich zviratech

Zvire Latka Vyuziti

ovce Alfa-1-antitrypsin LécCba rozedmy plic

koza Tkanovy aktivator plazminogenu Rozpousténi krevnich
srazenin

ovce Faktor pro srazeni krve VI, IX Navozeni srazeni krve

prase hemoglobin Nahrazka krve pfi transfuzi

koza Lidsky rustovy 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
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New genes introduced into farm animals to alter growth chatacteristics

Species
Pig
Pig
Sheep
Pig
Pig
Pig
Pig
Pig
Cow
Sheep
Sheep
Pig
Sheep
Pig
Pig
Pig
Pig
Cow
Sheep
Pig
Cow

Regulatory element

Mouse metallothionein promoter
Mouse metallothionein promoter
Mouse metallothionein promoter
Mouse metallothionein promoter
Human metallothionein promoter
Mouse metallothionein promoter

Structural gene

Human growth hormone
Human growth hormone
Human growth hormone
Bovine growth hormone
Porcine growth hormone
Human growth hormone releasing factor

Mouse Moloney leukaemia virus long terminal repeat Rat growth hormone

Mouse albumin promoter

Mouse mammary tumour virus long termina repeat
Mouse metallothionein promoter

Ovine metallothionein promoter

Mouse metallothionein promoter

Mouse metallothionein promoter

Mouse metallothionein promoter

Bovine prolactin promoter

Cytomegalovirus long terminal repeat

Rat phosphoenol pyruvate carboxykinase promoter
Chicken skeletal actin promoter

Mouse transferrin promoter

Mouse sarcoma virus long termina repeat

Chicken skeletal actin promoter

Human growth hormone releasing factor
Bovine growth hormone

Bovine growth hormone

Ovine growth hormone

Human growth hormone releasing factor
Human growth hormone releasing factor
Human insulin-like growth factor I
Bovine growth hormone

Porcine growth hormone

Bovine growth hormone

Human oestrogen receptor

Bovine growth hormone

Chicken SKI

Human insulin-like growth factor I
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Klonovani savcu

Odebrani
bunék

z mlécné
zlazy bilé
ovce a jejich
pFenos do
media se
snizenou
koncentraci

Zivin \
Umisténi obou
bunék do tésné
blizkosti a
navozeni jejich
splynuti +
elektrickym
impulzem.
Dalsi impulz
nastartuje bun&éné /

déleni

PFenos
vyvijejiciho
se embrya o
do délohy )5 e
nahradni
matky,
ktera
zarodek
donosi

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

MoZnost prenosu
cizich geni

Narozené jehné Dolly
ma stejnou vybavu
chromozomii jako bila
ovce, Z jejiz mlééné
Zlazy byla buiika
odebrina

vs. Polly
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Transgenni bakterie (Rhodococcus) produkujici toxin
(cekropin) usmrcujici trypanozomy ve streve plostic

Complementary
DNA encoding
cecropin A

Plasmid vector

Rhodococcus rhodinii

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

Transformed R. rhodinii in
——— into hindgut od reduvii
Transformed R. rhodinii

T. cruzi reduced
or eliminated

Hindgut od reduviid bug

T. cruzi

Rhodnius prolixus
2 (reduviid bug)

Insects colonized
with transformed
R. rhodnii

Cecropin A
produced
endogenous in
hindgut 48

Trypanosomes
destroyed




RUzné osudy DNA viru leukémie po prenosu do mysSi —

zavislost na case a metodé prenosu

virus my3[ leukémie

>

embryo 0 32 bufikéch

==

v

MuLV se vyskytuje
pouze
v n&kterych bufikach
malého.poétu tkanf;
silné methylovany

D
8 aZ 10denn[ embryo

implantace
do novych matek

mikroinjekce
do jédra

klonovana provirovda DNA MuLV

e

mléd'ata

@@@ @@@

.

MulV se naléza
ve v3ech tkénich;
nemethylovany
a silng exprimovany

.

MulV
tandemové sefazeny
ve v3ech bufikach;
silné methylovéany

- mikroinjekce
do cytoplazmy

oplodnéna

i | my8&i vajicka

N

@ﬁ\i}@

jedna kople MulLV
se vyskytuje
v kaZdé bufice;
~ 10 % mys(

a neexprimovéany produkuje
a neexprimovany . MulV-mRNA
Mozaikovitost, Virus pusobi 20-40 kopii Tkarnoveé
1 kopie integrovana jako infekeéni v jednom specificka
v ruznych mistech agens chromozomu exprese
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Analyza sexualni determinace — funkce genu sry

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

14 kb fragment nesouci

!n]ecl‘ Sry transgene gen Sry (1. jedina DNA
o/ XK ey z chromozomu Y, ktera

je nyni ve vajiCku)

Fertilized
l €ggs

XX Genotype @~ —» samicl

& Phenotype _— samdci

— DNA control
— — Y-specific control

Gen Sry podmiriuje tvorbu samc&ich pohlavnich organu




Objasnéni vyvojovych vztahu mezi bunkami

hypofyzy

@ Prekurzorova burika

@ diferenciace . Q

Bunky syntetizujici Bunky syntetizujici prolaktin

ristovy hormon (GH)

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

tk tk
1) Pey 2) Pp

I [ |

l Injekce l

exprese

analogU @
nukleosidu

Psy = promotor genu pro GH

Pp = promotor genu pro prolaktin

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

SalAS SN

exprese
o

on | X ol S

Trpaslici Normalni rust

Zavery:.

« Bunky syntetizujici prolaktin
se nedéli (nejsou usmrcovany)

« Bunky syntetizujici GH jsou
prekurzory bunék

syntetizujicich prolaktin 5




