Duvody pro klonovani geni v eukaryotech

A. Funkce charakteristické pro eukaryotické buiky, které se
u bakterii nevyskytuiji:

- lokalizace systému regenerujiciho ATP v mitochondrdh,
- usparadani DNA v chromatinu

- zpusob céleni bunék, mitoza a meioza

- diferenciace burgk, bunééné komunikace, signalni drahy
B. Rozdily v expresi gefi u eukaryot oproti bakteriim:

- odlisnost regulanich sekvenci pro transkripci, translaci a
export

- specifické posttransla&ni modifikace



Vyhody kvasinek pro Gl

jednoducha eukaryota s mikrobialnim charakterem (maly
genom se znamou sekvenci, kratka genera €ni doba a
Vysoky po €et potomstva, kultivace na definovanych
pudach, fada mutant ziskanych a charakterizovanych
klasickou i moderni genetikou

rada gen u homolognich vySSim eukaryot Um, podobna
bun é€na biochemie a regulace gen u

moznost stanovit dominanci a recesivitu alel (na
haploidnim pozadi)

vysoka frekvence homologni rekombinace —zam  ény genu

tradi €ni dob re definovany a bezpe €ny biotechnologicky
organismus, moznost p Ffipravy farmak pro humanni
medicinu,

eukaryotické proteiny vytva Fi v aktivni podob é, Ize
dosahnout sekrece do prost redi



Zivotni cyklus kvasinek

Zygotic
diplophase
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/ Heterotalické kmeny — stabilni
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7/ Homotalické kmeny — nestabilni,
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Haplophases
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Molekularni struktura kvasinkoveho 2 u plazmidu

6,3 kb; 50-100 kopii

lzomerni formy

REP - replikace
FLP — rekombince
STB - rozklad kointegratu

FRT site = FRT recombination
target

Flp recombinase = flippase
Systém FIp/FRT ~ Cre/loxP

Chimerické plazmidy
vytvorené spojenim plazmidu
21 a pMB9 stépenych EcoRl,

(dale pak vlozeni genu leu2
z kvasinkového chromozomu
do mista Pstl na plazmidu)
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Kyvadlové vektory pro klonovani gen U

v kvasinkach

asinkovs’v leu2

kyvadlovy
vektor

kvasinkovy

bakteriaini pod&éatek replikace

potéatek replikace

transformace transformace
E. coli kvasinky leu”

plazmidy
se mohou
prenaset
z kvasinek
do E. coli

| a naopak
E. coli \

kvasinkovéa buiika

Prenos do kvasinek:
transformace protoplastu
elektroporace




Zakladni typy kvasinkovych vektor u

Replikujici se Epizomalnt, nesoucf centromeru
velky po éet kopii, maly po éet kopif, (jedina kopie;
: o stabilni nestabilni stabilni)
integrujici
se~ pBR322 Amp" cirkularnf

2u-DNA

l ura3d

Moznost eliminace bakterialnich
sekvenci jejich ohrani¢enim FLP




Umeéely kvasinkovy chromozom (YAC)

EcoRlI

AH82 URA3
TRP Genomic DNA

AMPR

BamHI BamHI

Cut with EcoRlI Partial digest
and BamHlI with EcoRl
) EcoRlI EcoRI
EcoRl ARS2 AMPR ori  TEL BamHI - .
EcoRlI EcoRl
L
CEN4  TRP1 EcoRI EcoRiI
BamH| TEL EcoRI EcoRl EcoRl
" == EcoRl ' " EcoRl
Mix and ligate
TEL URA3  EcoRI EcoRl ARS2 AMPR ori  TEL

Genomic
DNA CEN4  TRP1

l

Transform into ade™, ura™, frp™ yeast and
select for red, URA*, TRP* colonies



Virum podobné ¢astice odvozené z Ty element u
nesoucich kodujici oblast HIV1 TAT

Ty1 life cycle

Nuclear Export
I

— e T

Nuclear Import
and Integration

- S
-;-‘\\—_-{:\—'J Tyt mRNA Translation

PIC ""'3”0“ VLP Maturation and
e Reverse Transcription

Ty-element: 30-40 kopii v genomu S. cerevisiae, velikost 5,9 kb
LTR — 334 bp, leva funguje jako promotor gent pro RT a integrazu

Pseudovirion (virus like particle, VLP) obsahuje mRNA, dsDNA, RT
a integrazu



. ) transpozice
Promotor _

kvasinkovych

genu amplifikaéni kazeta

zaclenujici se do
mnoha mist genomu
kvasinky

Transkript vlozeného
(klonovaného) genu

Struktura vysokokopioveho plazmidu pouzivana pro zaélenéni modifikovaného
Ty elementu nesouciho klonovany gen do chromozomu kvasinky. pGAL a P
jsou kvasinkové promotory, ¢ (delta sekvence ) jsou LTR

Pouziti @i pripraw vakcin — fuzni plavy protein
obsahujici antigeny z plazmodii (malarie)




Table 13.1 Properties of different yeast vectors

Loss in
V E KTO R Transformation ~ Copyno/  non-selective |
Vector  frequency cell medium Disadvantages Advantages
i nteg ruJ I'CI' se Yip 102 1 Much less 1 Low transformation frequency 1 Of all vectors, this kind give most
transformants than 1% per 2 Can only be recovered from stable maintenance of clored genes
per ug DNA generation yeast by cutting chromosomal 2 An integrated Ylp plasmid behaves as
DNA with restriction an ordinary genetic marker, e.g. a
endonuclease which does not dipleid heterozygous for an integrated
cleave original vector plasmid segregates the plasmid in a
containing cloned gene Mendelian fashion
3 Most useful for surrogate genetics of
yeast, e.g. can be used to introduce
deletions, inversions and
transpositions (see Botstein & Davis
1982)
- 7 Ve
epirzom alni YEp  10°-10° 25-200 1% per Novel recombinants generated 1 Readily racovered from yeast
. transformants generation in vivo by recombination with 2 High copy number
(0 I’I 2 H) per ug DNA endogenous 2-um plasmid 3 High transformation frequency
4 Very useful for complementation
studies
- LV Ve
re pl | kUJ | C | Se YRp 10* 1-20 Much greater Instability of transformants 1 Readily recovered from yeast
transformants than 1% per 2 High copy number. Note that the
(arS) per ug DNA generation copy number is usually less than that
but can get of YEp vectors but this may be useful
chromosomal if cloning gene whose product is
integration deleterious to the cell if preduced in
EXCess
3 High transformation frequency
4 Very useful for complementation
studies
§ Can integrate into the chromosome
V4 e
ce ntro me rovy YCp 104 1-2 Less than Low copy number makes 1 Low copy number is useful if product
transformants 1% per recovery from yeast more of cloned gene is deleterious to cell
per ug DNA generation difficult than that of YEp or YRp 2 High transformation frequency
vectors 3 Very useful for complementation
studies
4 At meiosis generally shows Mendelian
segregation
v 7
umely Chromozom YAC 1-2 Depends on Difficult to map by standard 1 High-capacity cloning system
length: the techniques permiting DNA molecules greater
longer the than 40kb to be cloned
YAC the 2 Can ampiify large DNA molecules in a
more stable simple genetic background
itis
-w 7
tl’an S p ozicni Ty Depends on ~20 Stable, since  Needs to be introduced into cell Get amplification following
vector used to integrated in another vector chromosomal integration ]_O
introduce Ty into
into cell chromosome




Selektovatelné markery u kvasinek

Gen Enzym Selekce

HIS3 Imidazole glycerolphosphate dehydratase histidine

LEU2 B-Isopropylmalate dehydrogenase leucine

LYS2 a-Aminoadipate reductase lysine

TRP1 N-(5"-phosphoribosyl)-anthranilate tryptophan
isomerase

URA3 Orotidine-5"-phosphate decarboxylase uracil

Pozitivni selekce na mediu bez pfislusného faktoru

G418 — rezistence k geneticinu (Kan R)
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Vyuziti genu LEUZ2 jako selelkéniho markeru

(a) Kvasinka leu2-

Chromozomy —
bez genu LEU2

LEUZ2

Vektor - nese
spravny gen LEU2

Kolonie feu2-

Médium musi
obsahovat leucin

(b) Pouziti LEU2 jako selektivniho markeru

Transformovat kvasinky

ey

Prezivaji pouze
transformované buriky

Minimalni médium - bez leucinu
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Zaclenovani epizomalnich plazmiah do chromozomu kvasinek

YEp13 Slouzi sokasne jako

/ seleléni marker

><‘R“LEU2
— — Chromozomalni DNA

|
, leu - kvasinek

l Rekombinace

LEU2 leu”

-

Y

Plazmidova DNA
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Vyhody dostupnosti niznych typa kvasinkovych vektoni

* VSechny kvasinkové vektory mohou byt pouzity k vytvareni
casteénych diploidu nebo ¢astecnych polyploidu, pfic¢emz genové
sekvence zavedené do bunky mohou byt bud zaélenény do
chromozomu nebo pfetrvavat v extrachromozomalnim stavu.

« Do klonovanych gent mohou byt zavadény in vitro mutace a

pozménéneé geny lze pak vratit do kvasinky a nahradit jimi alely
standardniho typu.
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Reportérove geny

Gene Protein Size Original Detection Reference
(amino acids) source
cat Chroloamphenicol 219 E. coli Tn9 - Acetylation of (Gorman, Moffat and
acetyltransferase transposon chloroamphenicol using *C Howard, 1982)
acetyl-CoA
lacZ  B-galactosidase 1024 E. coli Conversion of colourless (Norton and Coffin,

ONPG to a yellow product; 1985)
X Gal blue—white screening
gusA  B-glucuronidase 603 E. coli Conversion of MUG in a (Jefferson et al., 1986)
fluorometric assay; XGluc
blue—white screening

luc Luciferase 550 Photinus pyralis Oxidation of luciferin to (de Wet et al., 1987)
(firefly) produce light : :
GFP  Green fluorescent 238 Aequoria victoria Emits green fluorescence when  (Chalfie et al., 1994)
protein (jellyfish) exposed to blue or UV light

ONPG - o-nitrophenyl-g-D-galactopyranoside.

XGal - 5-bromo-4-chloro-3-indolyl-8-D-galactopyranoside.
MUG - 4-methylumbelliferyl -D-glucuronide.

XGlue - 5-bromo-4-chloro-3-indolyl-g-D-glucuronide.
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Exprese gen u v kvasinkach

* Pro ucinnou expresi je zadouci, aby klonovaneé sekvence byly pod kontrolou
kvasinkovych promotoru — ty maiji uréita specifika. Vektory proto maji
promotory z kvasinek.

* Polo€as mRNA (1-100 min) je silné ovlivhén netranslatovanymi sekvencemi
na 5’a 3’konci — jejich odstranéni polo¢as zvysSi

« Kvasinky maji jiné vyuzivani kodont nez bakterie nebo vySsi eukaryota. Pfi
chemické syntéze genl je tfeba volit kodony, které jsou &teny (96%
aminokyselin v kvasinkovych proteinech je kddovano jen 25-ti z 61 moznych
kodon)

« Exkrece proteinu: signalni sekvence jsou dlouhé 20-90 aa. Pfesna pravidla
nejsou znama — u nékterych proteinli se exkrece nedafri. Sekrece zabrani
rozkladu proteinu v cytoplazmé — proteolyze Ize zabranit téz zménou aa na
N-konci (zabrana ubiquitace)
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Exprese gen u v kvasinkach — pokra €.

« Glykozylace — dochazi ke glykozylaci cizich proteinu, ale struktura a sekvence
oligosacharidu pfipojovanych na proteiny je odliSna nez v pfirozenych
hostitelich — to muze mit dusledky pro stabilitu, imunogenitu a vyslednou
lokalizaci v tkanich (napf. pfi terapeutickém pouzivani)

 Stabilita protein 0. Rychla degradace proteinu po jejich syntéze nebo po
rozbiti bunék a purifikaci endoproteinazami, karboxypeptidazami a
aminopeptidazami pritomnymi ve vakuolach. Byla zkonstruovana fada
mutantnich kmenu s pozménénou aktivitou téchto enzyma.

« Sestrih. Introny maji obecné rysy (5° GU — AG 3") a dalSi konsenzualni
sekvence. U kvasinek je pfed 3"mistem sestfihu sekvence, ktera chybi
u vysSich eukaryot.

17



Struktura kvasinkového promotoru

4 elementy:

1.

TC(G/A)A a PuPuPyPuPu jsou u vice nez poloviny znamych kvasinkovych
promotort. Tyto sekvence nejsou u vySSich eukaryot, coz ukazuje na
rozdilny mechanismus jejich transkripéniho aparatu.

TATA box, oblast 20-120 nukleotidl pfed mistem iniciace.

Sekvence umisténé proti sméru transkripce podilejici se na regulaci genu:

A. sekvence aktivujici transkripci (UAS)  — vazba pozitivniho regula¢niho proteinu
na UAS zvySuje rychlost transkripce, zatimco delece UAS transkripci potlaci.
Dulezitym strukturnim rysem UAS je pfitomnost jedné nebo vice oblasti
s dvojitou symetrii.

B. sekvence reprimujici transkripci (URS).  Vazba negativniho regulaéniho
proteinu na URS sniZuje rychlost transkripce gen, které jsou regulovany
negativné.

Sekvence umisténé uvnitf samotného genu, které se oznacuji jako aktivujici

sekvence umisténé po sméru transkripce (downstream activating

sequences, DAS ). Nizkad mnozstvi heterolognich proteinl odrazi nizké
mnozstvi MRNA jako dusledek nizkého stupné iniciace transkripce.

Napf. vlozeni aktivujici sekvence umisténeé po sméru transkripce genu PGK

obnovuje rychlost transkripce mRNA. s



Struktura typického kvasinkového promotoru

TC(GA)A PUuPuPyPuPu <+—

|

eukaryot

Nejsou u vysSich

Kc’)dujiciD sekvence

MRNA )
DAS

Initiator
— UAS  URS TATA
U regulovanych genl
40-120 bp
20-400 bp
100-1400 bp

Priklady konstitutivnich
kvasinkovych promotor
pouzivanych v expresnich
vektorech

OvlivAuje rychlost
iniciace transkripce

v

ciziho genu

Vlozeni do sekvence

ADHI — alkoholdehydrogenaza

PGK — fosfoglycerolkindza

PHO5 — kysela fosfataza

alfa-faktor (+ signalni sekvence pro exkreci)

II




Promotory S. cerevisiae vyuzivané v expresnich vektorech

Promotor

Acid phosphatase (PH05)

Alcohol dehydrogenase I (ADHI)
Alcohol dehydrogenase II (ADHII)
Cytochrome ¢, (CYC1)

Gal-1-P Glc-1-P uridyltransferase
Galactokinase (GAL1)

Podminky pro expresi

Phosphate-deficient
medium

2-5% Glucose
0.1-0.2% Glucose
Glucose
Galactose
Galactose

Tvorba
produktu

Inducible

Constitutive
Inducible
Repressible
Inducible
Inducible

Glyceraldehyde-3-phosphate
dehydrogenase (GAPD, GAPDH)

Metallothionein (CUPI)
Phosphoglycerate kinase (PGK)
Triose phosphate isomerase (TPI)
UDP galactose epimerase (GAL10)

2-5% Glucose
0.03-0.1 mM copper
2-5% Glucose

2-5% Glucose
Galactose

Constitutive
Inducible
Constitutive
Constitutive
Inducible
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Gal systém S. cerevisiae vyuzity pro expresi gen u

PoaLt Gall (galaktokinaza)
Gal4p + galaktéza (induktor)

Transkrip €ni aktivator

P*cai Gen zajmu

[ \ + galaktdza (induktor)

Gald
P*Gain= synteticky promotor P A

obsahuijici vice vazebnych mist PGan GAL4

pro Gal4p 21




Exprese gen u indukovana galaktézou

A. Galdp vytva feny z vlastniho promotoru

2 _

pression
vector

Expression
vector

Expression
vector

I:)GAL4

v

nizka hladina
Gal4p, malo
cilového produktu

I:)GALl

v

vysoka hladina
Gal4p, hodné
cilového produktu
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Sekrece protein u v kvasinkach

Hlavni rysy sekretovanych proteinu:
* jsou syntetizovany na endoplazmatickem retikulu

* 7z ER jsou transportovany do Golgiho aparatu, kde jsou upraveny a zabaleny
do sekreénich vaéku

« Fuze sekre¢nich vackl s plazmatickou membranou se déje konstitutivné
nebo jako odpovéd na externi signal

* Nakonec jsou lokalizovany na buné€ném povrchu nebo exportovany z bunky

Proteiny pfirozené sekretované do ristového media

a) parovaci feromony (a-faktor, o-faktor)

b) killer toxin (proteinovy produkt dsRNA n. dsDNA plazmidu n. VLP; molekuly
pusobici toxicky na jiné kmeny kvasinek).

* Polypeptidy uréené k sekreci maji hydrofobni N-konec, ktery je odpoveédny
za translokaci do endoplazmatického retikula.

* N-konec je obvykle tvofen 20 aminokyselinami a odStépen ze zralého
proteinu uvnitf endoplazmatického retikula.

Bylo dosazeno sekrece fady ne-kvasinkovych polypeptidd z rekombinantnich
plazmidl, ale pravidla pro sekreci nejsou zcela jasna. 23



Problémy p Fi expresi n ékterych protein u
vV S. cerevisiae

 nizka exprese klonovanych gen, nizky vytézek proteinu
 hyperglykozylace heterolognich protein(

e pozménény transport sekretovanych protein
(zadrzeni v periplazmatickém prostoru)

 tvorba vysoké koncentrace alkoholu, ktery usmrcuje bunky a snizuje
vytéZek proteind

24



Cileni protein U do jadra

Jadro kvasinky obsahuje sadu protein(, které jsou syntetizovany

Vv cytoplazmé.

Pro objasnéni mechanismu tykajiciho se lokalizace proteinu v burice byly
zkonstruovany hybridni geny fuzi kvasinkového Matalfa genu, kddujiciho
predpokladany jaderny protein, a genu lacZ z E. coli. Segment genového
produktu MATalfa, ktery byl 13 aminokyselin dlouhy, byl schopen usmérnit
B-galaktozidazovou aktivitu do jadra. To bylo potvrzeno imunofluoroscenci.
Podobné sekvence byly zjistény u jinych proteind a oznaéeny jako

nuclear localization signals (sequences) (NLS)

Podle sou¢asného modelu pro import jadernych proteind jsou proteiny
obsahujici NLS rozpoznany specifickymi receptory (nuclear transport
receptors) v cytoplazmé. Komplex NLS-receptor se pohybuje k jadernym
porim, které otvira reakci vyzadujici ATP a dovoluje, aby protein vstoupil do
jadra.

25



Klonovani kvasinkovych gen U v bu iakach
E. coli s vyuzitim komplementace

Sau3A
S B =
Yeast Chromo omal
cells
Bacterial origin
lgete of replication,
30 % genu kvasinek
se exprimuje v E. coli i
) () | | Genova knihovna
o N -
() ~ | | kvasink
== %.D} y
v ’ ,
ZI’SkéVénl’ nOVyCh ;:;sz:m;iumlc;kin leucine Prenoos do mUtantnICh
K inkovveh &2z | kmenu E. coli
VasInkovycC o
v - ° lon't grow
selekénich markeru

Cells contain plasmid
with LEU2 gene

LEU2 gene
functions in E. coli
I




Klonovani kvasinkovych gen
genetické komplementace

u na zaklad é

Xts

000~
O 20
@\

Plasmid library

0'.'.
recipient: kvasinkovy
kmen nesouci ts
mutaci v genu X a

Priprava genové knihovny z
kvasinkového kmene

s genem X(wt) ve vektoru
obsahujicim jako selek ¢éni
marker LEU2

mutaci v genu leu2 —
roste jen p Fi 30C

l
Prip. ztrata
né¢jakeho znaku
pii vysSich
teplotach

A& Yeast transformation

{ Plate onto medium lacking leucine

Onfy cells that contain
:w-' a plasmid grow

Incubate plate at

Rephco plcfe
Incubate
plate at 30°C
EEE gl e R EeY

-37°C (nonpermissive
temperature)

Isolate
plasmid

o

Incubate at 30°C (permissive femperature)

All cells grow Only cells that Defermine DNA
contain plasmid sequence of gene X
with wild-type E——
gene X will grow ‘
at 37°C

enco ed

izolace klonu X+ <J

Translate to obtain
in sequence

27




Zaclenovani gen u homologni rekombinaci

Left half Right half Left half

7 B A Right half
of URA3 YFG pUc of URA3 Cleave ot Cleave ot of YFG  ra3 puc of YFG
/ i \ site B site A / 7 o
h ﬁ

Homologous

Chromosomes

—A Transform
diploid Ura~
yeast cells

Mutation
inura3 Integration

Integration
genes

Plate on medium

lacking uracil

ura3 pUC  YFG URA3 pUC URA3  YFG
\ \ \ \ \ N

\
ura3 YFG

One chromosome contains
YFG integrated at URA3 locus

One chromosome contains

YEG = gen Zéjmu URA3 gene intergrated ot YFG
jehoz funkci sledujeme

Linearizace plazmidu v misté homologie zvySuje frekvenci zaclenéni asi 160x




Vnaseni geri do chromozomu kvasinek pomoci
integrativnich vektoru

L Kyvad |OV),/ vektor
pripraveny VE. coli

Restriction

lendonudease

GOl = gen zajmu

Al, A2 =
nesencialni geny

Chromosome

Chromosome
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Vypros t'ovaci replikujici se vektor

Amp* leu2

p!azmld
obsahuj[cl divokou alelu
MAT

Linearizovany
Xhol Xhol

T plazmid se
nereplikuje

Ampf  leu2  ARS /

plazmid s mezerou

Xhol / Xhol /
mutovand chromozém
alela kvasinky

Cést genu mat je vystépena,
hrani€ni sekvence jsou
ponechany

= 1 B )
rekombinace
a duplikace genu

Amp Ieu2

plazmld nesoucf MAT
se mize replikovat v kvasmce
MAT

transformace E. coli a vyhledani plazmid(
nesoucich inzert s MAT-

Homologni rekombinace a
cirkularizace plazmidd, jejich
izolace a prenos do E. coli,
studium mutantni alely MAT ~
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Rekonstrukce plazmidu homologni rekombinaci
v kvasinkoveé bu nce

VlozZzeni nového selekéniho markeru
do plazmidu, preklonovani genu zajmu
do jiného typu vektoru

Y kvasmce nereplikuje
vauI + Pvu||§

e . +— spolecné preneseny
— .~ do kvasinky

transformaci

<+—— Plazmid, ktery se
v kvasince replikuje

Selekce klonu na
Rt ’ HIS3, pfipadné na

URAS
31




Vytésnéni a zaména plazmid U

Plasmid shuffle

Studium funkce mutantnich a cizichgen U

Trojnasobny mutant
TPK1-, TPK2-, TPK3-

ura+, his+, trp+,
ade-, leu-

MySi cAMP
dependentni PK

Yeast cell 2y oriy
1 : ]
Nucleus TPK1 <\
2y oriy
_LEU2

Transform into yeast
| Plate to select for
Mouse protein Adet+, Leu* fransformants

kinase gene
Medium lacking —— (&3 ) @ @
adenine and i
leucine All cells on plate

contain both
plasmids

Culture a colony in
complete medium (YPD)
fsszzzm\  Cells can lose one of the
& I 3) two plasmids

Cells need at least one protein

Plate cells onto YPD medium
kinase gene fo grow

Cells in colony
contain only the
plasmid with mouse

Ryl gl protein kinase gene
Cells in colony
contain only the
plasmid with TPK1

Cell contains only the plasmid with TPK]
Colony fails to grow

SASEHIS

A
Medium lackin

UmozZnuje ruast na mediu
bez adeninu

Zajistuje zivotaschopnost buriky

Selekce bunék obsahujicich
oba plazmidy — puda bez ade a leu

Kultivace bunék
za neselektivnich podminek

Bunka si musi alespon jeden
z plazmidd s PK podrzet

Zaver: Gen pro mysi
proteinkindzu m uze
nahradit gen TPK1- 32



Dvouhybridni systém ke studiu interakce protein

DNA binding domain

Hybridni protein Gal4p-X se
vaze na promotor, ale neni
schopen aktivovat transkripci
reportérového genu

Hybridni protein Gal4p-Y

se neni schopen vazat na
promotor a tudiz neni
schopen aktivovat transkripci

Interakce hybridnich proteint
Gal4p-X:.:Galdp-Y aktivuje
transkripci

33
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Plazmidy ur ¢ené k vytva reni flznich protein u
s doménami Gal4p (DBD a AD)

Silny konstitutivni ADHA

GAL4

Gal4-DBD
plasmid

 (768-881)

Mnohokopiovy
plazmid

Selekce plazmidu 34




Vyhledani gen u jejichz produkty interaguiji

GAL4-SNF1 SNF4-GAL4

Gene _~hybrid gene
sgment Gene s t

; egmen
?Xiﬂmg enceding GAL4

iodi ivation domain
DN, A-binding activation
domain 4 SNFl a SNF4
LEU2 ey .
LEU2 asociuji za vzniku
F » -
\ gj::ri::;':;lteu yees Cotransform into Leu”, His™ yeast prOd u ktu
Select Leut, His* cells . .z
’ S protein-kinazovou
aktivitou

Replica plate onto medium containing X-gal

Colonies stain blue

RNA polymerase
complex

/ RNA polymerase
_ /" complex

B-Galactosidase

UA/SG B-Galactosidase UASG ” riodieed

produced SNF1 and SNF
tightly associate

\__Y___./
GAL w

GFP funkéné gktivm’ TF se vytvoril spojenim proteini SNF1 a
SNF4 — j. tyto proteiny vzajemné interaguji



Geneticky d ukaz funkce U2 snRNA

U2 snRNA

(b) Mutant strain (strein B) (c) Mutant strain (strain B)

{c) Wild-type strain (strain A) /ﬂ

Wild-type U2 gene
/ [—

Intron
@}e [ —T

®° \ HIS4 gene

Wild-type intron

Wild-type U2
snRNA
Plate
Medium lacking
histidine \

Cells make their own
histidine and grow

his4 mRNA spliced

Wild-type U2 gene
. /_’/

\ Mutation ’;:‘U"-"“'

is4 gene

Mutant intron

Wild-type U2
snRNA
Plate
Mismatch
destabilizes
RNA hybrid

N
Medium
lacking
Cells fail to grow  histidine

his4 mRNA

not spliced

Pokus prokazuje, ze U2 RNA seip
sesfihu paruje p¥imo s intronem.

WI fd -type U2 gene

¥ S
@ @a / 0
Q=) Mutant Plasmid with
- Wi
hisd gene vkt (12
gene

Introduce plasmid into
cells by transformation

@leuz
N
1lil 7{@6&‘“@ FAERE  Mutant intron

H Mutant U2

/ snRNA

Base-pairing -
restored :\::g'r':;

leucine

Selection
forcells |,
confaining (X2
plasmid

Medium Replica plate
lacking
histidine

Mutant strain can now
make histidine

hisd mRNA spliced s
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Nahrada chromozomového genu (gene knockout)

Cleave at sites

puUCT18 ~ Aand B

4 ~YrG

YFG = your

favourable gene b
emove
fragment

ura3
mutant —_
strain

ob

9
59

LWep

Tranform
Ure diploid

ce||s

A pair of homologous

Double chromosomes

crossover

Disrupted gene replaces
wild-type gene in one

&
‘ Plate onto
chromosome

uragil

medium lacking

Cleave at sites
URA3 Cand D

Vector
DNA

YFG = gen zajmu, jehoz funkci
sledujeme, inaktivovany genem
URA3

Other chromosome
normal

Sporulate

Bunky obsahuji jednu furini a
jednu nefunkni alelu YFG

|

Dissect tetrads

Characterize haploid cells

37



Tetradova analyza: sporulaci dochazi k separaci

mutantni a standardni alely

Diploid cells Four haploid
ploid spore
Mg cells encased by
Sporulate ascus wall

One chromosome contains Enzymatic digestion
integrated URA3 gene af YFG

of ascus wall

Individual spores are
loosely stuck together
in tefrads

Separate four
spores from ascus

Four spores
from one ascus

([ i //
Viable spores contain
wild-type gene

Only two spores from each /

: . Make replicas
ascus grow info colonies from master plate
— Medium

S lacking

4 uracil
Complete __— |\
medium

All colonies are Ura™ No growth
Conclusion: YFG is an essential gene

Pokud je funkce genu
YFG nutna pro preziti,
spory nebudou schopny
rist na plotnach bez
uracilu, nebot gen URAS3
je soucasti pouze
prerusenych
(inaktivovanych) genu.

Potvrzeni inzerce
URA3 do YFG 8




Rekombinantni proteiny vytvarené v expresnich systémech cereviasiae

VACCINES
Hepatitis B virus surface antigen
Malaria circumsporozoite protein
HIV-1 envelope protein

DIAGNOSTICS
Hepatitis C virus protein
HIV-1 antigens

HUMAN THERAPEUTIC AGENTS
Epidermal growth factor
Insulin
Insulin-like growth factor
Platelet-derived growth factor
Proinsulin |
Fibroblast growth factor
Granulocyte-macrophage colony-

stimulating factor

0l antitrypsin
Blood coagulation factor XIlla
Hirudin
Human growth factor
Human serum albumin 39



Kvasinka Pichia pastoris

Ma schopnost metabolizovat metanol jako jediny zdroj uhli

a energie

Metabolismus metylotrof 0 umoz fuje vytva fet ,single-cell
proteiny — krmivo pro dobytek bohaté na proteiny

ku
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Heterologni exprese protein U v metylotrofni
kvasince — Pichia pastoris

DalsSi druhy: Kluyveromyces lactis, Hansenula polymorpha

1. Jednoduché techniky pro genetickou manipulaci u Pichia,
podobné jako u S. cerevisiae.

2. Kultivace za definovanych podminek v €etneé velkokapacitni
kultivace

3. Schopnost tvo Fit proteiny ve velkém mnozstvi, bu d intra- nebo
extracelularn é (samy tvo Fi jen malo vlastnich exkretovanych
protein u)

4. Schopnost provad ét eukaryotické posttransla €ni modifikace
(glykozylace, tvorba disulfidickych m  astk i a proteolyticky
procesing).

5. Dostupnost tohoto systému pro komer  €ni Ugely.

41



Vektory pro expresi v Pichia

a) jsou kyvadlové (+ E. coli)
b) maji markery pro E. coli a pro kvasinky (ura, his, ade atd)

c) maji expresni kazetu odvozenou z genu AOX
. 5’-promotorové sekvence
. terminator transkripce
. mezi promotorem a terminatorem je MCS

d) u sekreénich vektord jsou signaly z kyselé fosfatazy (PHO) nebo
alfa-MAT

Hostitelské kmeny:

e nesou auxotrofni mutace pro selekci vektoru

* jsou proteaza deficientni

Expresni vektory ¢asto inzertovany do chromozomu

Vektory s vicenasobnou kopii cizorodého genu
a) kopie genu usporadany ,hlava k paté*
b) vektor obsahujici gen kanR — amplifikace pomoci G418

42



Metabolizmus metanolu

Metanol

induktor
=

Alkoholoxiddza AOX1 a AOX2

Formaldehyd + peroxid H

\ \’ Buné&éné komponenty

dehydrogenazy

Format + CO,
l energie

Po indukci metanolem je 5 % transkript U tvo feno genem pro
alkoholoxidazu, ktera dosahuje az 30 % vSech protein U v bu ice.

Exprese klonovanych gen 1 se zvySi az 1000x.

V pFitomnosti jinych substrat  u (glukdza, glycerol, etanol) je hladina
AOX nizka — promotor je p Fisné regulovan (nepropousti) 43



Expresni vektor P. pastoris

E. coli

marker P. pastoris

marker

Expresni
vektor

3’AOX1 3’konec genu
alkoholoxidazy

Promotor

alkoholoxidazy klonovany

gen

Geny jsou klonovany za silny metanolem indukovatelhpromotor genu alkoholoxidazy
(AOX1) vlozeny do expresnich vektai. Syntéza proteinu je spousina piridanim metanolu
do media, které neobsahuje jiny zdroj uhliku - metanobtak tvo¥i jediny zdroj uhliku 44



Konstrukce vektor u s kopiemi expresni kazety

il

aeNg 3'AOX1
Bgl1

pAOS816

8272byp

Inserce fragmentu Bglll-BamHlI
do mista BamHI vektoru pAO816

EeoA| (BamH WEgl i)

pA0817

Pat ¥977bp
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Zaé€lenéni genu klonovaného v integra €énim vektoru
do specifického mista chromozomu  P. pastoris

Integracni vektor

GOl = gene of interest

1xCO
Chromosome
mutace
his4 5 AOXT Gol 1T HI54
Restrikéni fragment
2xCO vy&lenény z vektoru

Chromosome

5 AOX1 GOl T o __ 3 AOX1
Chromosome
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Table 3: Heterologous proteins expressed in P. pastoris

Protein

Bacteria

Bacillus licheniformis a-amylase

Bacillus stearothermophilus p-alanine carboxypeptidase
Borderella pertussis pertussis pertactin (P69)

Clostridium botulinum neurotoxin (BoNT) serotype A and B
Clostridium botulinum neurotoxin heavy chain fragment, serotvpe B
Clostridium botulinum neurotoxin serotype A binding domain
Clostridium tetani tetanus toxin fragment C

Escherichia coli acid phosphatase/phytase (appA2)

Escherichia coli B-galactosidase

Escherichia coli B-lactamase

Leishmania major cathepsin B-like protease

Staphylococcus aureus staphylokinase

Streptococcus equisimilis streptokinase

Streptomyces subtilisin inhibitor

Streptomyces viridosporus TTA perondase endoglucanase
Toxoplasma gondii SAG1 antigen

Vibrio cholerae accessory cholera enterotoxin (Acc)

Fungi ~

Alternaria Alt | allergen

Aspergillus awamori glucoamylase

Aspergillus awamori glucoamylase catalytic dornam

Aspergillus fumigatus catalase L

Aspergillus fumigatus dipeptidyl peptidase [V (DPP [V)
Aspergillus fumigatus dipeptidyl peptidase V (DPP V)
Aspergillus giganteus w-sarcin ribotoxin

Aspergillus niger phytase (phyA)

Candida guilliermondii xylese reductase gene (xyll)

Candida rugosa lipase I (CRL) : P
Fusarium solani pectate lyase (pelC) : .
Fusarium solani pectate lyase (pelD)

Geotricum cuandidum lipase isoenzymes v
Phytophthora cryptogea B-cryptogein

Rhizopus oryzce lipase

.S‘acdmrom‘.ce: cerevisige invertase

Saccharomyces cerevisiae Ktrlp :

Saccharomyces cerevisiae (a-1,2-mannosyltransferase)
Schizophyllum commune vitamin B2-aldehyde-forming enzyme
Trametes versicolor (white rot fungus) laccase (lecl)
Trichoderma harzianum [-(1-6)-glucanase

Comments: mode, amount,
signal sequence

§,25g1°, suC2

S, 100 mg 1™}, native
LL3gl!

I, 78 mg 1!

1, 390 pg g™

I, 2.4 mg total

L12gl!

S, 28.9 U mg™!

1, 20x10° U mg™'

I

S, a-MF

S, 50 mg I"!, a-MF

I 77mg ™! -

S

§,247g1” ' wtal protein, a-MF
S, 12 mg 1!, a-MF ‘
S, 7mg ™! a-\‘IF

S, a-MF _

S, 400 mg I, “native
S, 400 mg 1”1, PHOI
$,23 g1, PHOI

§, PHOI

S, 0.15 mg 1”!, PHOI

S, 1 mg 1~!, synthetic native, PHOI

S, 65 U ml™!, a-MF
I,065Umg™"; S, 018 Umg™!
S, 150 U mI™!, a-MF

S, | mg 17!, PHOI

S, native

S, 60 mg 17!, a-MF
S, 45 mg 17!, PHO1
S, 60 mg I”!, a-MF
S, 2.5'g I}, native
S, 400 mg 1!, PHOI
S, 40 mg 17!, PHOL
S, 120 mg 1!, a-MF
S, native and o-MF
5, 9.3 mg 1!

Reference

[51,60}
(61}
[62)
[63]
f64]
(65}
(66]
(67]
]
[20]
(68]

(69]

(70}
71
72
(73]
(74)

(73]

[76)
77}
(78]
{79
(43]
(3a]
(81]
(42
(32]
[83]
(841
83]
[86]
30]
[37)
(87
(88
(89]
[90]

| = intracelularni,
S = sekretovany
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Table 3: Heterologous proteins expressed in P. pastoris

Protein Comments: mode, amount, Reference
o signal sequence .
Protists - A
Chondrus crispus red alga hexose oxidase I [91)
Gracilariopsis lemaneiforniis red alga o-1,4-glucan lyase (GLgl) I¢ ‘ 92}
Plusmodium fulciparum merozoite surface protein 1 (MSP-1) S, 24 mg !, a-MF [931
Plasmodium vivax apical membrane antigen [ (AMA-1) S, 50 mg I7!, PHOI {94]
Reticulomyxa filosa (giant freshwater ameba) &2, B2 tubulin isoforms I, 400 pg g™ o I [95]
Trypanosoma cruzi acid o-mannosidase S, 115 pg 171, native ~ [96]
Plants
Allium sativum (garlic) alliin lyase ; I,2167 U g™ : ‘ 57
Arabidopsis thaliuna NADH:nitrate reductase I, 18 ug g™ [98,99]
Barley (Hordeum vulgare) sucrose fructan 6-fructosyl transferase S, a-MF [100]
Barley a-amylase | S, 30 mg 17}, native [48]
Barley a-amylase 2 S, 1 mg I}, native ' 48]
Barley aleurone tissue a-glucosidase ' S, a-MF {101
Coflec bean o-galactosidase S, 400 mg 1=, o-MF {102]
Cynara cardunculus (cardoon) cyprosin S, 1 mg I7!, native [103]
Cynodon ductylon (Bermuda grass) Cynd 1 8 L.sw, PHOI (104,105)
Galanthus nivalis agglutinin I S, PHA-E o T [45]
Hevea brasiliensis hydroxynitrile lyase I[,2gl [106]
Hevea brasiliensis Hev b 7 patatin-like allergen S, 10 mg 1!, @-MF L [107.108]
Maize cytokinin oxidase S, native (109
Oat phytochrome A, phA I, 30 pg g~ [rio.11tj
Oat phytochrome A, phyA63 apoprotein [, 20 ug g~ (112

| = intracelularni,
S = sekretovany
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A HOST TS-INTEIN PROTEIN

Permissive lemparah.urf/,/' \Enn-permissive temperature

HOST PROTEIN HOST TS-INTEIN PROTEIN

Functional MNon-functional

B —
TS-19

Mutagenesis |, g

GAL4N GAL4C
linearized pS5-Gald
Recombination in yeast i
GAL4N GALA4C

Screening of recombinants e
that can splice at 18°

SG-Ura, 18° ~3000
Screening of TS alleles .~ ™y

SG-Ura, w_‘ S$G-Ura, 30°
b

Candidates of TS alleles 148
v

Confirming temperature sensitivity / Dilution assays 91+9*

v

Eliminating leaky TS alleles / Shifting intein into pU 49+8*

Eliminating duplicates / Sequencing 40+8*

b

Transferring info pMet-GFF and pMet-Gal4 35+6*
¥

Western blot

| 41TS alleles




