Molekularni biotechnologie C.8

* Produkce heterologniho proteinu v eukaryontnich
bunkach



Eukaryontni bunky se vyuzivaji v pripade, kdyz

« Eukaryontni proteiny syntetizovane v baktériich
postradaji biologickou aktivitu

« Klonovany lidsky protein neni identicky s prirozenym
proteinem (nema stejné biochemicke a funkCni
vlastnosti)



Prokaryoticke bunky

Postradaji mechanismy zajiStujici postranslacni
modifikace proteinu napf.

Tvorbu disulfidickych vazeb,

Proteolytické stépeni prekursorové formy
Glykosylace (serin, threonin, asparagin)

Modifikace AK uvnitf proteinu (fosforylace, sulfatace,
acylace)



Endotoxiny

« Komponenty bakterialnich sten — lipopolysacharidy
(endotoxiny) - jsou toxicke (pyrogenni)

« Zustavaji v kone¢ném produktu



Byly vyvinuty

« Eukaryontni expresni systémy (vektory a k nim vhodné
eukaryontni bunky)

« Zejména pro produkci proteinu, které jsou pouzivany
jako lécCiva



Zakladni rysy eukaryontniho expresniho vektoru (plasmidu)

« Pocatek replikace funkCni v hostitelské bunce (bude-li
vektor pouzit jako extrachromosomalné se replikujici
DNA) nebo

« chromosomalni integracni misto nezbytné pro homologni
rekombinaci (bude-li vektor pouzit pro integraci cizorodé
DNA do hostitelské DNA)

« Eukaryoticky markerovy gen umoznuijici selekci v
eukaryontni bunce

« Eukaryotickou promotorovou sekvenci
« Eukaryotické transkripCni a translacni stop signaly

« Sekvence, které signalisuji posttranslacni modifikace
MmRNA



Eukaryontni vektory jsou konstruovany

« Jako kyvadlové vektory (shuttle)

 To znamena, ze maji pocCatek replikace a selekcni
marker funkcni i v prokaryontni bunce (E. coli)

* Protoze prace s rekombinantni DNA je technicky

VAR a4

bunék



Typicky eukaryontni expresni vektor (Glick a spol.2003)
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Figure 7.3 Generalized eukaryotic ex-
pression vector. The major features of a
eukaryotic expression vector are a eu-
karyotic transcription unit with a pro-
moter (p), a multiple cloning site (MCS)
for a gene of interest, and a DNA seg-
ment with termination and polyadeny-
lation signals (t); a eukaryotic selectable
marker (ESM) gene .‘-2:-.':-,'1[&;111_: an origin of
replication that functions in the eukary-
otic cell (ori™"); an origin of replication
that functions in E. coli (ori®); and an
E. coli selectable marker gene (Amp’).



Kyvadlove expresni vektory byly vyvinuty

Pro buriky kvasinek

Hmyzi bunky

SavcCi bunky

A to zejména z duvodu postranslacnich modifikaci
potencialniho heterologniho proteinu

U jednotlivych proteinu je tfeba testovat ruzné
eukaryontni expresni systémy s cilem najit ten, ktery
dava biologicky autenticky produkt



Expresni systémy Saccharomyces cerevisiae

« Tato kvasinka je pouzivana pro klonovani eukaryontnich
genu



Vyhodné vlastnosti Saccharomyces cerevisiae

Jednobunéecdny organismus, dobfe prostudovany

Snadno se kultivuje v malych objemech i ve velkych
bioreaktorech

Provadi mnoho postranslacnich modifikaci proteinu

Sekretuje do prostfedi malo proteinu, coz usnadnuje
purifikaci rekombinantniho proteinu

Je povazovana ze zcela bezpecny organismus (GRAS:
generaly recognised as safe) - staleti se pouziva v
potravinarstvi

Bylo izolovano a charakterizovano nekolik silnych
promotory a plasmid 2 um, vyuzitelny jako vektor



Expresni vektor S. cerevisiae (Glick a spol.2003)

Figure 7.7 S. cerevisiae expression vector. The ¢cDNA for human Cu/Zn-S0OD was
L']U]H'Ll between the promoter (GAPDp) and termination—polyadenylation sequence

GAPDI) of the 5. cerevisine glyceraldehyde phosphate dehydrogenase gene. The
F LL” gene that was cloned between segments of the yeast 2um ]_"l'|<'l‘~l'l1ld DNA en-
codes a functional enzyme of the leucine biosynthesis pathway. The yeast origin of
tvpllLalmn is included in the 2um plasmid DNA. The dn‘lplulilﬂ resistance gene

(Amp’) and the E. coli origin of replication (ori*) are derived from plasmid p’B\l”"‘n
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Promotory vyuzivané v expresnich vektorech (Glick a
spol.2003)

Table 7.1

Promoter

I

‘romoters for S. cerevisine expression vectors

Acid phosphatase (PH05)

Alcohol dehydrogenase 1 (ADHI)

Alcohol dehydrogenase 11 (ADHII)
Cytochrome ¢, (CYC1)
Gal-1-P Glc-1-P uridyltransferase
Galactokinase (GALT)
Glyceraldehyd e-3-phosphate
dehyd rogenase (GAPD, GAPDH)
Metallothionein (CUPT)
Phosphoglycerate kinase (PGK)

Triose phosphate isomerase ( TPI)
UDP galactose epimerase (GAL10)

—
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Expression conditions

Phosphate-deficient
medium

2-5% Glucose

0.1-0.2% Glucose

Glucose

Galactose

Galactose

2-5% Glucose

0.03-0.1 mM copper

2-5% Glucose
2-5% Glucose

Galactose

e —

Status

Inducible

Constitutive
Inducible
Repressible
Inducible

Inducible

Constitutive
Inducible
Constitutive
Constitutive
Inducible

e



Rekombinantni proteiny produkovane S. cerevisiae (Glick a

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

oy antitrypsin
Blood coagulation factor Xllla
Hirudin
Human growth factor
Human serum albumin

Figure 7.4 Recombinant proteins pro-
duced by S. cerevisiae expression Sys-
tems. HIV-1, human immunodeficiency
virus type 1.



Expresni vektory S. cerevisiae

* Plasmidové vektory (episomalni) (pro produkci intra- a
extracelularnich heterolognich proteinu, pfi kultivaci
bunék ve velkém objemu asi 10 | nestabilni)

 IntegracCni vektory (stabilngjsi)



YAC vektory

« Kvasinkové artificialni chromosomy (YAC, yeast arteficial
chromosomes)

 pro klonovani dlouhych useku DNA (100 kb)



Program Heureka

« YAC vektory byly pouzity pro fyzikalni mapovani
lidského genomu a konstrukci lidské genove knihovny

* V kvasinkové bunce udrzovany jako zvlastni chromosom



YAC - Kvasinkovy umely chromosom
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Figure 7.6 YAC cloning system. The YAC plasmid (pYAC) has an E. coli selectable
marker gene (Amp'); an origin of replication that functions in E. coli (ori"); and yeast
3, CEN, TRP1, and ARS. CEN provides centromere

DNA sequences, including LIR
that is equivalent to a

function; ARS is a yeast autonomous-replicating sequenc
yeast origin of replication; LIRA3 is a functional gene of the uracil biosynthesis path-
way; and TRP1 is a functional gene of the tryptophan biosynthesis pathway. The T
regions are yeast chromosome telomeric sequences. I'he Smal site is the x“ﬂﬂil\;! n-
sertion site. pYAC is first treated with Smal, BamH]I, and alkaline phosphatase and
then ligated with size-fractionated (100 kb) input DNA. The final construct carries
cloned DNA and can be stably maintained in double mutant ura3 and trp1 cells.




YAC vektor

Ma sekvence fungujici jako pocCatek replikace v kvasince
| v bakterialni bunce

V bakterialni bunce se replikuje jako plasmid (ori
sekvence), selekce bunek nesoucich vektor umoznuje
gen pro rezistenci na ampicilin

ARS sekvence pro autonomni replikaci v kvasince
CEN funguje jako centromera

Po Iinea_lrizaci ma na obou koncich_ sekve_r)ce, které
pusobi jako telomery a zabezpecu;ji stabilitu vektoru v
kvasince

URAS3 ... gen pro biosyntézu uracilu
TRP1.... gen pro biosyntézu tryptofanu
Smal... klonovaci misto



Pouziti YAC jako klonovaciho vektoru

Nastépi se Smal a BamHlI
PUsobi se alkalickou fosfatazou
Pro ligaci se pouziji fragmenty vétsi nez 100 kb

Konstrukt s klonovanou DNA se stabilné udrzi v
hostitelské kvasince defektni v biosyntéze uracilu a
tryptofanu (mutace ura a trp)

(hostitelské bunky na mediu bez pridavku uracilu a
tryptofanu nerostou)



Exprese rekombinantnich proteinu v S. cerevisiae

Byla u mnoha proteint uspésna

Exprese vS8ak byvala nizka (i v pfipadé pouziti
regulovatelnych promotoru)

Problém byval se stabilitou insertu

Heterologni protein byval Casto hyperglykosylovan
(misto 8-13 manosovych zbytkd obsahoval 100 zbytku,
coz mélo vliv na aktivitu proteinu a jeho imunogenicitu)

Proteiny Casto nebyly sekretovany do prostredi, coz
melo negativni vliv na purifikaci



Byly vyvinuty dalsi kvasinkoveé expresni systemy

Kluyveromyces lactis (komercné pouzivana pro produkci
beta-galaktosidazy)

Schizosacharomyces pombe

Yarowia lipolytica (vyuziva jako substrat uhlovodiky)
Pichia pastoris (utilizuje metanol jako jediny zdroj uhliku)
Hansenula polymorpha






Expresni systémy s vyuzitim hmyzich bunek

« Jako vektory vyuzivaji hmyzi virusy - bakulovirusy
 Hmyzi bunky kultivované in vitro



V prubéhu zivotniho cyklu vznikaji dvé formy bakulovirusu:

« Jednotlivé infekCni viriony
 Viriony v ochranné proteinové matrix (polyhedrin)

* Polyhedrin je syntetizovan ve velkych mnozstvich,
protoze promotor genu pro polyhedrin je velmi silny

« Tento promotor byl vyuzit pro syntézu heterologniho
proteinu, ke které dochazi v hmyzich bunkach
Kultivovanych in vitro



Dvé formy bakulovirusu

Figure 7.10  Budded (A) and occluded
(B) forms of Autographa californica multi-
ple nuclear polyhedrosis virus. During
budding, a nucleocapsid becomes en-
veloped by the membrane of an infected
cell. A polyhedron consists of clusters of
nucleocapsids (occluded virions) em-
bedded with various orientations in a
pulyhedrin matrix.
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Bakulovirusy jsou pouzivany

Jako expresni vektory pro savci proteiny

Vyhodou je, Ze postranslacni modifikace proteinu jsou u
hmyzu a u savcu témér shodné

Obzvlasté se pouziva virus AcCMNPV (Autographa
california multiple polyhedrosis virus) (polyedrie —
choroba housenek)

Roste v mnoha hmyzich bunécénych liniich



U bakulovirusu

« Se vyuzivaji tzv. bakuloviroveé transferove vektory

* Prvnim krokem pri konstrukci rekombinantniho
bakulovirusu je vytvoreni transferového vektoru



Bakulovirovy transferovy vektor

» se sklada z ¢asti DNA virusu AcMNPV, z Casti DNA
plasmidu E. coli a z expresni jednotky, ktera obsahuje
cizorody gen



Dalsim krokem je

* nahrazeni polyhedrinového genu expresni
jednotkou (homologni rekombinace)



Expresni bakulovirova jednotka (Glick a spol.2003)

Vector
DNA

— T W] B —
5 AcMNPVY  Pp MCS P 3" AcMNPV DNA
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Figure 7.11 Organization of the expression unit of a baculovirus (ACMNPV) trans-
fer vector. The gene of interest 1s inserted into the multiple cloning site (MCS) that
lies between the polyhedrin gene promoter (Pp) and polyhedrin gene transcription
termination (Pt) sequences. The AcCMNPV DNA upstream from the polyhedrin pro-
moter (5' AcMNPV DNA) and downstream from the polyhedrin transcription ter-
mination sequence (3" AcMNPV DNA) provides sequences for integration of the ex-
pression unit by homologous recombination into a AcMNPV genome.



Dulezité segmenty DNA transferového vektoru

Cast DNA sekvence viru AcMNPV, ktera slouZi jako
oblast pro homologni rekombinaci

Polyhedrinovy promotor

Oblast nesouci polyhedrinové signaly pro terminaci
transkripce a polyadenylaci

Dalsi oblast homologie viru ACMNPV pro homologni
rekombinaci

Klonovaci misto pro vlozeni cizorodé DNA
Kodujici oblast polyhedrinového genu je deletovana

Misto ni se mezi polyhedrinovy promotor a terminator
vklada klonovana DNA.

Konstrukt je mnozen v E. coli



Prenos cizorodého genu do hostitelskych hmyzich bunéek

 Rekombinantni DNA nesouci klonovany gen je
transformovana spolu s DNA intaktniho virusu AcMNPV

do hostitelskych hmyzich bunéek

* V nekterych bunkach dojde k dvojitému c-o0 a k integraci
klonovaného genu s promotorem a terminatorem do
AcMNPV DNA (se soucasnou ztratou polyhedrinového
genu)



InfekCni rekombinantni AcCMNPV vznikly homologni
rekombinaci

Transfer vector

5" DNA  Pp GOl Pt 3" DNA

-

/ ; Polyhedrin gene \
(

ACMNPV genome

5"DONA  Pp GOl Pt 3" DNA

/[7 o [

Figure 7.12  Replacement of the ACMNPV polyhedrin gene with an expression unit
from a transfer vector. A double crossover event (X) between homologous DNA seg-
ments of the transfer vector and the AcMNPV genome results in the integration of

the expression unit into the AcMNPV genome. GOI, gene of interest; Pp, polyhedrin
k B! &>t P-POL
promoter; P, polyhedrin polyvadenylation and termination scquence.
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|zolace rekombinantniho bakulovirusu

 Viriony bez polyhedrinového genu s klonovanym genem
vytvareji na hmyzich bunkach zény bunécné lyze, z
nichz se izoluje rekombinantni bakulovirus

* Pro identifikaci rekombinantnich bakulovirusu Ize pouzit
DNA/DNA hybridizaci

« Rekombinantni bakulovirus se pouzije pro infekci
hmyzich bunek



Syntéza rekombinantniho proteinu

« 4 az 5 dni po infekci hostitelskych bunék
rekombinantnim bakulovirusem

« Jako hostitelske bunky se pouziva bunecna linie
odvozena od Spodoptera frugiperda (mura, asi
Blyskavka, ¢eled murovitych, u nas nezije), v nichz je
polyhedrinovy promotor obzvilast aktivni



S vyuzitim bakulovirovych expresnich systému

* Bylo nasyntetizovano velké mnozstvi heterolognich
proteinu s presnymi postranslacnimi modifikacemi.



Priklady heterolognich proteinu syntetizovanych v
hmyzich bunkach (Glick a spol.2003)

* Obr. Figure 7,13 Some of the uunlmu int proteins that have been prod ;ml y the bac

Ulovirus expression vector system. HIV-1, human immunodeficiency virus ype ;

HSV, herpes simplex vir

C-protein-coupled receptors — Malaria proteins
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Vyuziti housenek

 Rekombinantnim bakulovirusem Ize infikovat pfimo
housenky

 Housenky pak slouzi jako levné tovarny pro vyrobu
proteinu

* Bylo testovano s vyuzitim housenek Trichoplusia mi

(mura kovolesklec), které byly infikovany rekombinantnim
AcMNPYV s lidskym genem pro adenosin deaminazu

Za 4 dny tvorila lidska deaminaza asi 5% celkového
hmyziho proteinu. Z 22 housenek bylo ziskano 9 mg
homogenniho proteinu (levné a nenarocne). Udrzovani
housenek vyzadovalo 3 hod. prace tydne (prace s

hmyzimi tkanovymi kulturami je Casove narocna a
draha).



Kontinualni syntéza rekombinantniho proteinu

« Bakulovirusovy expresni systém je kratkodoby

« Klyzi bunék (nebo uhynu housenek) dochazi 4-5 dni po
infekci

* Pro komercni vyrobu je vyhodna kontinualni syntéza
rekombinantniho proteinu (umoznuje kontrolu a
optimalizaci systému)



Kontinualni system Ize vytvorit

 Pouzitim 2 bioreaktort

* V jednom jsou bunky kultivovany a po nakultivovani jsou
premisteny do druhého bioreaktoru

« V druhém reaktoru jsou bunky infikovany
rekombinantnim bakulovirusem a po 5 dnech je ziskan
produkt (rekombinantni protein)



Expresni systémy s vyuzitim savcich bunek

« SavCi expresni systémy byly puvodné konstruovany pro
studium funkce genu a jejich regulaci.

» Vektory byly odvozeny z DNA ZivociSnych viru (virus
SV40, polyomavirus, herpes virus, bovinni
papilomavirus).

« Exprese cizorodého proteinu byvala prechodna, vytezky
nizké a klonovaci postupy obtizné.



Urcité lidské terapeuticke proteiny

* Mohou byt syntetizovany a posttranslacné modifikovany
pouze savcimi bunkami.

* Proto byly konstruovany kyvadlove vektory, které
umoznuji expresi cizorodeho proteinu v savcCich bunkach



Pouziti kyvadloveho vektoru

» Klonovaci kroky se provadgji v bunkach E. coll,
* v nichz lze snadno ziskat velké mnozstvi plasmidu

« K produkci heterologniho proteinu dochazi v lidskych
bunkach kultivovanych ve tkanove kulture



Kyvadlovy vektor odvozeny z lidskeho papova virusu BKV

e Lze udrzovat po mnoho generaci v kultivovanych
lidskych bunkach jako extrachromosomalni element s

vysokym poctem kopii
* Vektor neobsahuje geny, které koduji virové proteiny
* V E. coli se muze udrzet jako plasmid



Slozeny BKV kyvadlovy vektor mj. obsahuje

* Promotor genu pro neomycin rezistenci z SV40 virusu
(produkt tohoto genu inaktivuje antibiotikum G418)

* Promotor genu tumoru mysi mlécné zlazy (MMTP), ktery
je regulovan

« sekvenci DRE (enhancerova sekvence), ktera zvysuje
transkripci genu — je odvozena z genu pro cytochrom
P450)



SavcCi expresni vektor — obecné jako kyvadlovy vektor
(Glick a spol.2003)

Figure 7.16 Generalized mammalian expression vector. The multiple cloning site
(MCS) and selectable marker gene (SMG) are under the control of eukaryotic pro-
moter (p), polyadenylation (pa), and termination of transcription (TT) sequences.
An intron (1) enhances the production of heterologous protein. Propagation of the
vector in E. coli and mammalian cells depends on the origins of replication ori” and
ori™, respectively. The ampicillin gene (Amp’) is used for selecting transformed

E. coli.
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Vyuziti translacnich kontrolnich elementu (Glick 2003)

5 UTR K § TP Gene of interest 8 3R

Figure 7.17 Translation control elements. A gene of interest can be fitted with vari-
ous sequences that enhance translation and facilitate both secretion and purification,
such as a Kozak sequence (K), signal sequence (S), protein affinity tag (T), proteolytic
cleavage site (P), and stop codon (SC). The 5" and 3' UTRs (untranslated regions) in-
crease the efficiency of translation and contribute to mRNA stability.




Byly zkonstruovany

« Dvouvektorové expresni systémy (2 subjednotky
proteinu, kazda na jiném vektoru)

« Vektory pro expresi dvou genu (2 subjednotky proteinu v
1 vektoru)



Dvouvektorove expresni systemy

Amp' Amp’
oricuk gene SMGIT TT orjcuk gene SMG2 TT
orit p pa

p Gene o pa/TT p Gene palTT
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Figure 7.18  Two-vector expression system. The cloned genes (gene o and gene f3)
encode subunits of a protein dimer (). After cotransfection, both subunits (1 and
p) are synthesized and assembled into a functional protein dimer. Both vectors carry
origins of replication for E. coli (0ri*) and mammalian cells (ori***) and a marker gene
(Amp’) for selecting transformed E. coli. The selectable marker genes (SMG1 and
SMG2) and the cloned genes (gene v and gene ) are each under the control of pro-
moter (p), polyadenylation (pa), and termination of transcription (TT) sequences.



Vektor pro expresi dvou genu

Figure 7.19 Two-gene expression vector. The
cloned genes (gene ¢ and gene ) encode sub-
units of a protein dimer («f}). The cloned genes
are inserted into a vector and are under the
control of different eukaryotic promoter (p),
polyadenylation (pa), and termination of tran-
scription sequences (TT). Each subunit is
translated from a separate mRNA, and a func-
tional protein dimer (uf}) is assembled. The
vector has origins of replication for E. coli (ori")
and mammalian cells (0r*""), a marker gene
(Amp’) for selecting transformed E. coli, and a
selectable marker gene (SMG) that is under
the control of eukaryotic promoter (p), poly-
adenylation (pa), and termination of transcrip-
tion (TT) sequences.
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SelekCni markery pouzivané na vektorech u savcCich bunek

Table 7.2 Selective marker gene systems f

Selective agent

Xyl-A

Blasticidin S
Bleomycin

G-418 (Geneticin)
Histidinol

Hygromycin B

MSX

MTX

PALA

Purom yein

e e et T

MSX, methionine sulfoximine: MTX, methotrexate: PA]

Action of selective agent

Damages DNA

Inhibits protein synthesis
Breaks DNA strands
Inhibits protein synthesis
Produces cytotoxic effects

Inhibits protein synthesis

Inhibits glutamine synthesis

Inhibits DNA synthesis

Inhibits purine synthesis

Inhibits protein synthesis

—_—

e —

A, N-{phosphoacetyl}-i -aspartate; Xyl-A, 9-8-p-

‘or mammalian cells

Marker gene

Adenine deaminase (ada)

Blasticidin S deaminases (Bsr, BSD)
Bleomycin-binding protein (Ble)
Neomycin phosphotransferase (Neo)
Histidinol dehydrogenase (hisD)

Hygromycin B phosphotrans-
ferase (Hph)
Glutamine synthetase (GS)

Dihydrofolate reductase (dhfr)

Cytosine deaminase (codA)

Puromyein N-acetyltransferase (Pac)

xylofuranosyl adenine,

Action of marker

gene protein

Deaminates Xyl-A

Deaminates blasticidin S

Binds to bleomycin

Phosphorylates G-418

Oxidizes histidinol to
histidine

Phosphorylates hygro-
mycin B

Cells that produce excess
glutamine synthetase
survive

Cells that produce excess
dihydrofolate reductase
survive

Lowers cytosine levels
in the medium by con-
verting cytosine to
uracil

Acetylates puromycin

e — T —



Produkce proteinovych léCiv pro klinické zkousky

« Zajem o stabilni, u€inné expresni systémy pro produkci
humannich proteinu stale stoupa.

* V soucCasnosti je testovano pres 300 proteinu

pripravenych ve velkém s vyuzitim savcich a lidskych
tkanovych kultur.

» Predpoklada se, ze moderni pristupy snizi naklady na
produkci dulezitych proteinovych I€Civ a ucini je mnohem

VR aAa



