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Vyhody tohoto modelového organismu:

Mys domaci (laboratorni)

(Mus musculus)

Savec — z tradi¢nich modelu nejblize k clovéku

Mala velikost — snadna manipulace a relativné levny chov

NejCastéji pouzivany model v biomediciné

Velka védecka komunita — spousta zdroju (mutantni kmeny, know how)

Genetika — osekvenovany genom (28 000 genu, 99% ma ortology u lidi,
divergence 75 milionu let), inbredni linie

Sirokd paleta experimentalnich pfistupll — véetné moZnosti homologni
rekombinace v embryonalnich kmenovych burnkach a transgeneze

Mnozstvi derivovanych bunécnych linii pro in vitro kultivace

Nevyhody

Relativné malo — napf. nepristupné embryo, (prilis?) slozity organismus



Schéma prednasky

. Mys jako laboratorni model

—  Zivotni cyklus
—  Chov

—  Kmeny
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Il. , Experimental toolbox”

— Metody manipulace genomu

— Beta-katenin jako modelovy gen

— Databaze a zdroje mysi
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l. Mys jako
laboratorni model
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Chov laboratornich mysi

e Relativné nenarocny — v klickach —
podestylka, voda, granule

 Max. 6 mysek v jedneé klicce
e Ndklady cca 30K¢ na klicku/tyden

* |VC-individually ventilated cages — brani
rozsireni pripadné infekce g |
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Chovy laboratornich mysi

e Otevreny (konvencni) — vstup i vystup zvirat, osob i materialu je bez

bariéry, jen se zvysenymi hygienickymi opatrenimi

- mozno vylepsit IVC stojany a flowboxy na prestylani mysi

* Bariérovy — prostor pro zvirata je oddéelen od vnéjsiho prostredi a

’

vstup zvirat, osob i materialu je mozny jen pres bariéru

(sterilizace vody, potravy, podestylky
zvysSena osobni hygiena )
— SPF — specified pathogen free —

pravidelné testy (~ 3 mésice) na

dané pathogeny (> 40),

uvedeny v certifikatu ke zviratim

- FELASA — Federation of Laboratory
Animal Science Associations

Excluded Agents

Viral

IMHY (Mcuse Hepatitis Wines, Caronavins) Sendai virus

I (Rdinute Virus of Mice) MPA {Mouse Pareovines )
GOWI (Mouse Encephabormyelitis Yins) Recyimus-3

ELHM {Ertenc Disease of [nfam Mice) K, wirts

FYM {Pneumaonia Virus of Mice] Ectromelia virus

LCKY {Lymphocytic Choriameningitis Yines) Paolyoma virus

MCMY (Mouse Cytomegalovirus) Wowus=e Adenovirus
Hantaan virus MTV (Mouse Thymic Virus)
Bacterial

MPCOASENG DUIGTS

CaR bacilus (Cilia Associated Respiratory Bacilus)
Carabacter rodentivm

Salmonella spp.

Clastrialim pififome

Parasitic

Endoparasiies

Pirworms { Syphacia sp, Aspiculurs tafraptera)
Tapeworms (Hymenolepis 5p.)

Protozoa [ Gardia muns  Encephakiozoon cumcuii)

Eclcparasiies
Mites | Myobia ruscull. Mpocoptas museuings, Radfordia affids, Peoregale:

S SImnier)




Chovy laboratornich mysi

* Jzolatorovy — prostor pro zvirata

VSTUPNI A VYSTUPNI
lv 1 VZDUCHOVY FILTR

je trvale oddélen bariérou od H[.

vnéjsiho prostredi a oSetfovatell s [

SEZVIRETEM f 98

- imunodeficientni, axenické

(germ-free) a gnotobiotické mysi

(definovana mikroflora) cHoWE kDR

I PROKLADACH TUNEL l(—

l u

—p VSTUP MATERIALU PRES
STERILIZACI f DEZINFEKCI

L]

PROKLADAC] VANA

Archivace mysich kmenu — kryoprezervace — embrya a spermie

- rederivace, in vitro fertilizace (IVF) — pro ,0ziveni“ kmene i pro
,ozdraveni (oCiSténi od patogenu) (ustanoveni SPF linie, izolatory)

Legislativa - kazdy, kdo pracuje s mySmi musi mit opravnéni pro
naklddani s laboratornimi zviraty, dle § 17 zakona 246/19922 Sb.

Na ochranu zvirat proti tyrani



Znaceni laboratornich mysi

 Jedinecné oznaceni nutno u mysi s riznym genotypem v jedné kleci

* Béhem odstavu od matky — rozdéleni dle pohlavi a ustrizeni Spicky
ocasku na genotypovani

1) UsSni znamky

2) Znaceni usi nebo prstiku

3) MikrocCipy
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Software pro praci s laboratornimi zviraty

Show Log I Loglged in as.: )
Korinek Wladimir

P RA Python Based Refational
y Arimal Tracking

| Animals ] Cages] Reports] Requests] Administration] Help] LogouﬂAIias]

scionics

Animals  Stud males  Pups

Apply Fitter | Remove Fiter | Frint | @3 |

1 GDI

View Page:12 3 4 5 ¥ (3 morg)
i

Results: 795 animals found in 278 cages. How showing 1 through 100

Current Filter: Al mutstions, Area 2 basement, Shovw DeceasedBExported: Mo, Show Plugged: Yes, Owner=karinek

Current Ordering: 1D (asc.)

O wr 1o~ Parents Cage Location C Sex Gen Strain hUtations Add DOB Age (W) Project
| FIF-03448 L G4U-70057 SZOM-0Z700 2FIR3 m WA MBS Mydss /- B 05042012 33 MNone i
| TEX-20374 ;: g:g:;??jg SZOM-04547 2FIRG m o ANA iR -cre ore Tg 03/08/2012 21 MNone =

e 1

e 20M-04035 ) "

] 20M-08052 £ DOM-0 1574 SZOM-04443 2FSES 387 m MA  HigddoxP- villin cre ERT
e Z0M-04 759

| 20M-08794 £ 20M-07977 S20M-02750 2F8R3 m  MNA Hief/delEx2-LGRE Cre

F 20M-07972

Animal Detail

Elack| Mark in Log Fedigree | Print| Add to Reguest

e ZOM-08794 ;
] 20M-09445 f 20M-08576 S20M-04035 2F9R4 370 m MNA  HioidelEx2-LGRS Cre
e ZOM-08773
] 20M-09459 F 20M-08774 S20M-04529 2FER3 370 m MA  ZP3-cre
e 20M-08757
"] 20M-09506  f 20M-08790  SROM-03966 2F9R4 353 m N4 HictloxP - ROSA-CreERT2

Pro spravu mysi i komunikaci s oSetfrujicim personalem

Kazda mys unikatni Cislo (i treba jen virtudlni)
Databaze informaci o kazdém zvireti — ,,inicialy”

rodokmen, historie, chovné zaznamy, ...
Moznost filtrovani pfi vyhledavani

Nevyhoda — pouze v AJ

10: 20K-02052 Fraject:
Ohwemier: Korinek Wladimir License:
Cortact: Wladimirkorinek@imyg.cas. ez Condition:
Species: mouse
Genetic Background: None
d Strain: Hic1doxP- willin cre ERT
- - Mutatiors
Generation HiA Fodify Mame
Cage S20M-04413
Date of Eirth 251052011 u loxP
Date Sacrificed Hone
Ereeding Performance [ ] Cra

ITT old age
Hone

Marmal

YWsight: None

Grade

Histary | Comments | Add Comment | Add Procedure | weight |

History
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. 19022012
Set Project 2400

— 230242012
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3041142014

K e
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Kmeny laboratornich mysi

* Inbredni kmen - produktem 20 a vice pareni bratr x sestra, kdy vsichni
jedinci jsou odvozeni od jediného paru a jsou homozygotni ve
vsech alelach = geneticky identicti jedinci

* Vytvoreny v 1. pol.20.stol. a udrzovany (Jackson Lab,NIH,Charles River)

e C57BL/6J— ,black 6“ - nejpouzivanéjsi kmen, prvni osekvenovany mysi
genom, permisivni pro vétSinu mutaci, resistentni vuci nddorim,

moznost indukce obezity, DM Il. typu i aterosklerozy dietou

129 - pro ,gene-targeting” — vysoka frekvence produkce zarodecné
linie, mnoho odvozenych linii embryonalnich kmenovych bunék

 BALB/c — produkce monoklondlnich protildtek pomoci hybridom{

* (C3H/Hel — pouzivany v mnoha odvétvich — vyzkum infekénich chorob,..

* FVB/NJ - pro transgenezi — velky samci pronukleus a velka mladata

C57BL/6J '/ﬁﬁfB; FVB



Il. ,,Experimental toolbox”
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- pfirozené a indukované muga/c \
- embryonalni kmenové bunk§ ‘:
- nknock-out a knock-in“ mysig§ ~ |
- transgenni mysi
- modelovy prikla
- zdroje — archivy,



Metody funkéni genomiky

Funkéni genomika

- cilem je urceni funkce vSech genl v genomu

Dva hlavni pristupy:

A) prima genetika
(forward genetics)

1. fenotyp (znak)

2. gen

- vychdazi z NAHODNE mutage-
neze celého genomu

B) reverzni genetika
(reverse genetics)

1. sekvence DNA

2. Fenotyp

Reverse genetics

Knockouts

Identify gene

}

Gene-targeting

|

|

- zakladem jsou CILENE mutaci

B |dentify phenotype

Forward genetics

Whole genome random mutagenesis

Mutagenise

|

Identify phenotype

Identify gene




Prima genetika —
prirozené a indukované mutace

1. Kolekce prirozené se vyskytujicich mutaci
vzacny vznik, vétsinou ve velkych chovech
pf. Naha (,nude”, nu/nu, athymicka, Foxninu) mys

e 1966: vznik (Glasgow, UK), 1968: mysi jsou imunodeficientni (nemaji
thymus), 1996: mysi jsou mutantni v transkripénim faktoru Foxn1

2. Indukované mutace — a) chemicka mutageneze
nejCastéji N-ethyl-N-nitrosourea (ENU)
pr. ApcMin mys — model vzniku kolorektalniho
karcinomu, mutace v genu Apc

b) Genetické mutace — ,,gene-traps” —
inaktivace genu (SA-splice acceptor),
exprese reportéru a DNA znacka pro
rychlé urceni genu




Reverzni genetika .

,aene targeting” — vnaseni cilenych mutaci

D'

. TP gp DS,
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The Nobel Prize in Physiology or Medicine 2007
Mario R. Capecchi, Sir Martin J. Evans, Oliver Smithies

The Nobel Prize in Physiology or Medicine 2007

Nobel Prize Award Ceremony

Photo: U. Montar

Montar Phato! U. Montar

Mario R. Capecchi Sir Martin J. Evans Oliver Smithies

"for their discoveries of principles for introducing specific gene
modifications in mice by the use of embryonic stem cells”.



,aene targeting” — homologni rekombinace cilového
vektoru v embryonalnich kmenovych bunkach

Step 1 Gene targeting in ES cells

1. ES cell culture
Embryonic stem (ES) cells
are cultivated from mouse
pre-implantation embryos

(blastocysts).

— Inserted DMA g

Vector neal HSW-tk

(- —— - mm | ]
'\—'—d' \_I—nl'
Homelogous DNA Homaologous DMNA

2. Construction of targeting vector

The vector contains pieces of DNA that are homologous

to the target gene, as well as inserted DMA which changes
the target gene and allows for positive-negative selection.

Rare cell carrying
targeted gene

\

Positive-negative
selection

4. Proliferation
of targeted ES cell

Selection for presence of neo”
and absence of HSV-tk
enriches targeted ES cells.

Pure population of ES cells
carrying targeted gene

3. ES cell transfection

The cellular machinery for homologous recombination
allows the targeting vector enables the target vector to
find and recombine with the target gene.

neo’
Vector HEW-tk
— 1 ]
I
1
L]

Tar_n-et gene

Homologous
recombination

Targeted gene




Jak ziskat z pozménénych embryonalnich kmenovych bunék mys

Step 2From gene targeted ES cells to gene targeted mice

5. Injection of ES cells into blastocysts

The targeted ES cells . where they mix and form a mosaic The injected blastocysts are implanted -
are injected with the cells of the inner cell mass into a surrogate mother where they
into blastocysts... from which the embryo develops. develop into mosaic embryos.
e i "'_'i@ - Mosaic inner
AY 4 cellmass
\ it
N /

6. Birth and breeding
of mosaic mice

The mosaic mice mate with normal mice @_ @_ @_ :Cl@“
e
Vo<, | -

Bom mosaic mice

to produce both gene targeted and
normal offspring. l : e ——

Gene targeted mice — called "knockout mice" Mormal mice
when the targeted gene is inactivated

- ¢ s ‘- F
;a;\\:, 7'.".'

- T

i The Mobel Committes for Physiology or Medicine  Nlustration: Annika Rehl

e —




Genovy , knock-out, knock-in“

A) Klasicky (celkovy, totalni) knock-out — gen zcela vyrazen (dfive casto
nahrazen selekénim markerem), mulze vést ke smrti jedince jiz v
prenatalnim veéku, coz neumoznuje studium funkce v dospélém
organismu

B) Knock-in —do genového lokusu vlozena mutace (zaména, inserce,
delece,...) nebo napf. reportérovy gen Ci Cre rekombinaza

C) Podminény (kondicionalni) knock-out — Cre/loxP systém
mistné a casové specificka inaktivace genu

NORMAL GENE X
.
C) FLOXED A) GENE ?\? GENE
GENE KNOCK-OUT KNOCK-IN
{ } }

=’=#




Cre/loxP systém

loxP site (locus of X-ing over) _ .
LineA (7
ATAACTTCGTATA ATGTATGC TATACGAAGTTAT N

inverted repeat Spacer inverted repeat V-‘é .l)

“floxed" sequence

Babinet C., Cohen-Tannoudji M.; 2001

Cross with a transgenic mice
expressing Cre in:
brain

Line B ~(Z
PRI
P

a given tissue

female germline
(ZP?'."'(‘-I'L‘. ng-"Crc. e the same orientation (cg C_\S)

gene X l

—r-——

loxP sites in

LT ‘j!-?i) xed " allc-l —L._/ \\"dﬁi‘wcd y
Cre %, - \ =5
AxC -

iy % ? o) AR
\_/-*_.2 4 » 4 5

+ .ia '
—- - - conditional mutation:
sequence deleted in all the cells Deletion sequence deleted in a given tissue




Transgenni zvirata

* Transgenni organismy - jejich genom obsahuje cizorodou DNA, jejiz
misto integrace je NAHODNE

* Priprava (pokusna mys) - injekce ,nahé” DNA (konstruktu) do zygoty
— nahodna integrace do genomu (¢asto ve formeé , tandem arrays®)
— implantace do ,nahradnich” (foster) matek (200-300 embryi)
— genotypovani potomstva na pritomnost transgenu (1-10%)

— kfiZzeni ,founder(”, analyza fenotypu

Transgeneze

Transgeneze
VS.
Gene targeting

Injekce bunék do blastocysty

dhst s

} Uspésnost cca 1-10% |




Transgenni mysi

Smysl pokusu - co se stane, dojde-li k expresi genu v jiné nez ptuvodni tkani
— nadprodukce proteinu (v pivodni Ci jiné tkani)
— produkce zménéného proteinu

— studium regulacnich oblasti genu nebo znaceni bunék in vivo (exprese
,reportérovych” proteint — GFP, B-galaktozidaza)

Vyhody - rychlost a jednoduchost provedeni

Nevyhody - ndhodna integrace konstruktu — naruseni genti v misté integrace

— pozicni efekt regulacnich oblasti genl v misté integrace na expresi
transgenu (umlcovani transgenu, ovlivnéni exprese trangenu atd.)

— integrace vice kopii konstruktu (efekt ,,genové ddze”)

I : .
insulator insulator

ResSeni - nutnost analyzy vice , founders” _af,.-/\'_ - ‘_'V*’T*‘

enhancer

— pouziti DNA sekvenci eliminujicich pozicni efekte . -

(inzulatory, Matrix Associated Regions; MAR)  _us W o o W m

Ve, 7 7 v 7 s o . enhancer silencer
— poutziti velkych ¢asti chromozomu (Bacterial e
Artificial Chromosome; BAC recombineering) « _gmA/—-J— N

enhancer enhancer




Jaka je role
proteinu
B-kateninu?

SCIENCEDhOtOLIBRARY



B-katenin je multifunkcni protein

a) Mezibunécné spoje (Ozawa et al., 1989)
b) Signalizace Wnt/B-katenin (Wieschaus et al., 1984)

adhesion signaling

Apical plasma membrane \

Armadillo —
ortolog beta-
kateninu

v Drosophile

c-actinin

Vinculin

Segmenty
v embryu
Drosophily

Catenins

[Basoiserat plasmamembesne| ~ Adherens
Junction




Signalni draha Wnt/B-katenin

Savci — 19 ¢lend rodiny Wnt, 10 Fzd

Vsechna Metazoa maji komponenty
signalni drahy Wnt

Geny aktivované drahou Wnt/B-katenin:

c-Myc, Cyclin D1, Twist,
Axin2, Lgr5, ...

Signalizace Wnt/B-katenin
ridi bunécnou proliferaci a
diferenciaci béhem embryo-
nalniho vyvoje a obnovu
tkani z kmenovych bunék v
dospélosti

Nefyziologicka aktivace vede k
vyvojovym defektum a ke
vzniku nadort

Dsh
AXin
APC GSK-3p

(

neighboring cell

cadherins

cytoskeleton

p PP

p-cateni

GEc

Upraveno z Reva, T. and Clevers, H., 2006



Klasicky knock-out B-kateninu

}-catenin wt locus ATG TAA

i s aH s Koo o Hio—itadafa = -

 Ctnnb1 — velky gen (27 kBp) , kdduje protein B-katenin (781 aa)

ES E 5 E X E S

e Haegal etal., 1995 —delece ' ||
exonu 2-15 §

e Ctnnb1”- - gastrulaéni defekty,
nevytvari A-P osu (E6) ani
mezoderm (E7) —
embryonalné letalni fenotyp p-cat

- nema defekty v mezibunéc-
nych spojich -kompenzuje
y-katenin (Huelsken et al.,)




Podminény knock-out B-kateninu

e ,Loss of function” (LOF) alela (,,exon 3-6“, ,,exon 2-6“)
— Podminéna inaktivace genu v urcité tkani — po Cre rekombinaci
posun Cteciho ramce — nevznika protein (= nulova alela)
=> nefunkcni kanonicka signalizace Wnt

B-catenin wt locus ATG

TAA
] ExELELEL D 89 Hio—nzs—4o 15

Ctnnb1Ve™flox(\y Birchmeier)
ATG

Targeted
[-catenin locus

Transient (in vitro)

B-catenin flox cre expression

Tissue-specific
B-catenin del l

cre expression

Ctnnb1Xe™fox(R Kemler)

Targeted
-catenin locus

l Transient (in vitro)
cre expression

posonn st —{——Hfi- o it

[B-catenin flox




Podminéna aktivace B-kateninu

»Gain of function” (GOF) alela (,,exon 3)

— Po Cre rekombinaci delece exonu 3, ale fuze exonu 2 a 4 ve
spravném ctecim ramci — vznika zkraceny protein bez N-koncové
casti s degradacnim motivem (S45, T41, S37, S33) = stabilni

=> kanonicka signalizace Wnt trvale zapnuta

f-catenin

Ctnnb1"™¢floX ), M. Taketo)

ATG TAA

|
E{;if;i?nlm—l—ﬁllﬂll—l—l s JE s e o a4

ae
posteindel ] N s s B %

T4 J, Tissue-specific
cre expression

3-catenin

P120

WT LOF GOF

—116 kD
— 80 kD




Cre rekombinazy (,,deleter strains®)

* Transgenni nebo , knock-in“ kmeny
* Exprese dana promoterem — vybirame silné a tkanove specifické

e Otestovani aktivity pomoci reportérové mysi — vyuziti lokusu ROSA26,
ktery je exprimovan v prubéhu embryogenese a i v dospélosti ve
vsech bunécnych typech

A) ROSA26-LacZ - beta-galaktozidaza (lacZ) tkan exprimujici tento
enzym + X-gal (substrat) -> modry nerozpustny produkt

ROSA26 :\}@ Y

l * Transgenic Cre

p——

ROSA26

lacZ

|
p-galaciosidase

expression

Expres Troy Cre odpovida expresi
\pﬂluaoull Troy (in situ hybridizace)


http://physrev.physiology.org/content/90/1/1/F12.large.jpg

B) ROSA26—-EYFP - Reportérova mys pro znaceni a izolaci zivych
(=nefixovanych) bunék pro dalsi kultivace a experimenty

LoxP

ROSA26

STOP

LoxP

EYFEFP

X

mys$ produkujci Cre

ROSA26 EYFP
>

Troy Cre x Rosa26-loxP-(STOP)-loxP-EYFP

Troy x Rosa26-loxP-(STOP)-loxP-lacZ




Cre recombinaza fuzovana s estrogenovym
receptorem (CreER™?) je regulovana tamoxifenem

* Tamoxifen: synteticky analog estrogenu, jeho metabolit 4-OHT (4-
hydroxytamoxifen) se vaze na modifikovany estrogenovy receptor (ER™)

Cell without Tamoxifen Cell with Tamoxifen

Inactive [m

- o Gene X -
—-{Gene X - Active \ - >

nucleus

nucleus

* CreER™ — mistné i casové specificka regulace rekombinace DNA



Experimenty odhalujici funkci B-kateninu

P
-~

o o - 4 Catnb'ox(ex2-6) Trp1-Cre; Catnb'ox(ex2-6)

f-cat [i-cat/DAPI [\-cat [\-cat/DAPI

Mit’DAPI Otx2/DAP! Chx10/0API Rx

Catnb/osiw

-

Catnb'ox(ex2-6)
J
Trp1-Cre;
Catnblox(ex2-6)

0
-

Ll
l

—



Rozliseni dualni funkce B-kateninu

2 _|III |;1

p-catenin

—0DB000B00M0N-ME— -aenin-vidtype

D164A

— £ BB 000B000-EE— o-catenin16

—ﬂﬂﬂﬂﬂ ﬂﬂﬂlﬂ-ﬂ- B-catenin-AC
D164A

ﬂ p-catenin-dm
— Bﬂﬂﬂﬂﬂﬂm'm' (p-catenin-D164 A-AC)

Valenta T. et al., 2011




Wnt1-Cre;
B-cateninwiflex

Wnt1-Cre;
ﬁ-cateninﬂomﬂﬁx

Wnt1-Cre;
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Jak ziskat mys s cilenou mutaci?

LoxP mys

1. Jax nebo jina laborator (www.jaxmice.org)

A) Hledani v literature

B) Specializované databaze (www.informatics.jax.org)
2. KOMP, EUCOMM - (www.komp.org, www.eucomm.org)
3. Vytvorit svou vlastni mys (sam Ci na objednavku-Zn fingers, TALEN)

Cre mys

1. Jax nebo jina laborator
A) hledani v literature
B) specializované

databaze

2. Udélat si svou mys

| CREATE ()

http://www.creline.org/

CREATE Partner Cre Current Location
Recombinase Databases Lines

Cre-X-Mice 529 Canada
CreZ0O 127 Greece
MGI recombinase 1402 LS4

CreERT2Zoo (will be integrated

83 F
into CREATE) ance

Only information is available,
no live mice are provided !




Specialized web resources: International
Knockout Mouse Consortium
(www.knockoutmouse.orq)

International Knockout Mouse Consortium

Hoima Ahout | R MariSaarch Do Haminatc gans FALD Crclar P roducts Contact KL

Welcome to the IKMC Search or Browse

@ o - Seanch KM dalabase
HERAF # Enlar gera zymbola, gere D or ganana icoslon
gann ) T : Caarch
- S (VE7 @ [sa=rch |

g, daemdd Foor OGS OIS, DAl 2 i 2107216l
) i/ o0 il e 1o MO i L BNl ez b Dby =7
Thedntsmatinnal Knockoil o= Corsor o W siee o milake &l peoksr-oading

penes in 1he Mouse using gena irapping and gers lgating in CATELS EE cels. Egad PO ] B

Browase [EIC dabsboy=e=

Download the IKMC Geng List Gl bt fONTRING Onis f Crasss graes

View targeting strategies =R ne Sl
View sl allele types Eriragi iy O :

Database of mutant alleles of all mouse genes




Shrnuti

Mys je nejpouzivanejsi model pro
biomedicinsky vyzkum

Chov konvencni vs. bariérovy chov
IVC, SPF, izolatorovy chov

Vyborny geneticky model —
inbredni kmeny, moznost manipulace genomu
— gene targeting vs. transgeneze

Klasicky vs. kondicionalni knock-out (knock-in)
— Cre/loxP systém =

Cre linie — test na reportérovych mysich
— ROSA26-LacZ, ROSA26-EYFP




Dékuiji
za
pozornost!

SCIENCEDNOTOLIBRARY



