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Table 1.3. Characteristics of various recombinant protein expression systems.

Expression

systam Most common application Advantages
Mammalian * Functiona assays e Highestdoval * Gram-per-iiter yisids
o Structural analysis protein procassing only possible in
* Antibody production * Can produce protains MSporekn culce
2 aither transiently, or * More demanding
e Exptfe_ssnmofoomplm( by stable expression cuiture conditions
* Robust optimized transient
* Protein interactions mw‘ )
* Virus production uitrahigh- protein
production
* Functional assays * Sirmilar to mammakan * More demanding
o Structural analysis protain procassing culture conditions than
> Eiomasichiot * Can b usad in static ERPION Sy
intracellular or suspension cultura * Production of recombinant
. of baculovirus vectors is time
protein complexas g
* Virus production
Yeast e Structural analysis * Eukaryotic protein procassing | * Fermentation required
’ « Antibody generation  Scalable up to fermentation for very high yields
B o * Growth conditions ma:
] * Functional analysis {grams par iitar) Y
%\ * Protain Interactions * Simplo media requiremants I Cprimaten
Bacterial * Structural analyss * Scaiable * Proten solubility
* Antibody generation * Low cost * May require protein-
@ o Functiona assays o Simpie cuture condttions @mm
Protein . be difficult to exprass
= SRR, some mammalian protains

e Studying phot * Geneatic modification and * Nascent technology
plant biology, lipid exprassion systems for « Less daveloped compared
matabolism to other host platforms
* Ganatic enginearing * Superb expermental control
o B i for biof Lﬂluﬂmﬂ:ﬂs.
Biofusl production and y -
production
* Optimized system for robust
selection and expression
Cell-free * Toxic proteins = Open system; able to add * Scaling above multimilligram
« Incorporation of unnatural unnatural components quantities may not be costly
i label or amino acids * Fast expression
.‘\ - ﬁmm . &lwu"“
* Protein interactions
* Transiational inhibitor
screening
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Cile transfekce zivocCisnych bunék

1. Pfenos genu do zivocCisnych bunék
« vyhledavani genu, poznani jejich funkce a regulace a studium fenotypu (pf.
procesu diferenciace a jejich poruch)
« studium proteinovych interakci
« tvorba a purifikace cizorodych proteinu

2. Priprava transgennich zivocichu
e studium fungovani genu v ramci celého organismu
 modely pro studium genetickych chorob
e priprava zvirat s lepsimi uzitkovymi vlastnostmi
* hledani moznosti pro genovou terapii
- vytvareni cizorodych proteinu (animal farming)




rExpresni systemy hmyzich buneék

B AT

» Hostitelské bunky odvozené z
— Spodoptera frugiperda - Sf9 bunky —
transientni exprese

— Trichoplusia ni - High Five™ bunky —
transientni exprese

— Drosophila melanogaster - S2 bunk| |
stabilni exprese

— Mohou rust adherentné nebo v
suspenzi

e Baculovirovy vektor



Baculoviry

Velké tyCkovité dsDNA viry infikujici hmyz

Budded virus (BV) Qcclusion derived virus
75 010 (ODV)
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californica multiple nuclear polyhedrosis — waeremeoee
virus (AcCMNPV) parazitujici na zastupcich

radu lepidoptera (Spodoptera frugiperda a  cpio—
Trichoplusia) — Siroké spektrum hostitell
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Capsid base

» Virove cCastice jsou obaleny ochrannou matrix sestavajici z proteinu
polyhedrinu — umoznuje preziti ve vnejsSim prostredi a efektivni Sirenipr
mezi bunkami, v podminkach in vitro neni zapotrebi

» Promotor pPolh umoznuje expresi polyhedrinu nebo
rekombinantniho proteinu - az 50% celkoveho proteinu na konci
cyklu bakuloviru
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Baculowrove expresni vektory .

Plasmid backbone
(e.g. pUC-based)

Gen zajmu pod pPolh promotorem

GOl na plasmidu — homologni
rekombinace na ACMNPV DNA 1

] 3'-viral flanking
1 sequence

Plhd P A
1al

Nizka uspesnost rekombinace (cca g bt
0,1 %) Figure 14.1 A simple baculovirus transfer plasmid.

Narocne vyhledavani rnr s

rekombinantnich (polyhedrin- T
negativnich) virovych plaku s bt o e

(co-transfected insect ¢ I]]

—>

Vyuziti linearizovanych N Ay
(nereplikujich se) AcMNPV DNA e ':b o

— uspesnost rekombinace 10- *
20%, BakPAC system az 95% Fesombination. | brevlovinsexpresion yector. by homologonn

DOI: 10.1016/50076-6879(09)63014-7
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AcRP6SC viral DNA

Bsu36l
* Digest with Bsu36l

Linearized viral DNA
(nonreplicative)

Recombine/repair with
transfer plasmid
(co-transfected insect cells)

Circular recombinant viral
DNA
(replicative)

Clone white plaque recombinant (s)

Figure 14.3 Producing a baculovirus expression vector by homologous recombina-

tion with a linearized parental viral genome.

.

‘) Linearized (gapped) viral DNA
J (nonreplicative)

Recombine/repair with
transfer plasmid
(co-transfected insect cells)

(replicative)

' " Circular recombinant viral DNA

Clone white plaque recombinant (s)

Figure 14.4 Producing a baculovirus expression vector by homologous recombina-
tion with a linearized/gapped parental viral genome.

DOI: 10.1016/50076-6879(09)63014-7
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Baculovirove expresni vektory 1.

§22§ GOI Sdecm-l?;lri“ %—é _C___: ™
Vyuziti transpozice misto homologni Q o ) S

I
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rekombinace — N i &)
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Figure 14.5 Producing a baculovirus expression vector by transposition between a

DOI: 10.1016/50076-6879(09)63014-7 bacmid and a eransfer plasmid.
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Bacmid »

binarni vektor, ktery se muze
replikovat v Escherichia coli a
hmyzich bunkach (obsahuje uplny

Recombinant baculovirus construction

g’enom b?CU!OVlr}J, (bez PH)’ Pr lg:;):;lgn TE poly A Life Technologies bacmid
nizkokopiovy pocatek replikace z F oI, Trnsfom Mini- atfTn7 Nisie F ord
plazmidu a att mista pro transpozon T7)  [jt7r  Ta7L[] o ool gy e ]
: =, |
. Transfer plasm1cl| LacZa 'f{eiper \ I
nese rezistenci ke kanamycinu | plasmldf
Antibiotic selection, transposition »‘ T

nese gen lacZ, jim transformované

. - Bluo- Gal Original bacmid
kolonie tedy rostou modre, v

- Blue colonies

e

| S

——

p‘fitomnos'ti IPTG . - I * Recombinant baomid
| White colonies
rekombinantni gen je do néj vhasen ‘ |
transpozici z jiného vektoru, Punty bacmid
transpozice sméi"uje do |aCZ, VVS'Edné http://strubiol.icr.ac.uk/extra/baculovirus/introduction.html

kolonie rostou bile
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Helper! | ‘Hoiper
Transformation pDonor X o7 Transformation
Recombinant » | plasmid Bacmid '
donorplasmid | 0| S Tteee, Antibiotic selection
L Competent DH 10Bac cells ) . E.coli containing recombinant bacmid
-\ Extraction of
.9» | recombinant
Recombinant virus particles v. : s i
& v
Determine viral titer \ -
via plaque assay Transfection of insect cells
with recombinant bacmid DNA
w ntoction of
G insect cells
Expression verification & Virus amplification Virus stock Recombinant bacnud DNA

https://www.creativebiomart.net/baculovirus-insect-cell-expression-systems.htm



Zakladni vlastnosti hmyziho systému |. #

» vhodny k produkci vysokych hladin
rekombinantnich proteinu (az 1 000 mg/mL)

» spravne posttranslacné modifikovaneé
(sbaleni, tvorba S-S mustku, oligomerizace,
glykosylace, acylace, proteolytické stepeni)

» rekombinantni proteiny biologicky aktivni a
funkcni

» rekombinantni gen je vhesen do oblasti
virového genomu, které nejsou nutné pro
replikaci viru
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" Zakladni vlastnosti hmyziho systému L.

» rekombinantni bakulovirus ztraci jeden
z postradatelnych genu (polh, v-cath, chiA ..),
ktery je nahrazen genem rekombinantnim

» rekombinantni protein je exprimovan v kulturach
hmyzich bunek nebo hmyzich larvach (neni tak
bézné)

©MasUN E. RICE
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Vyhody hmyziho expresniho systemu

>

>

- - . - A i

Vysokeé hladiny genove exprese, zvlaste u intracelularnich
proteinu

Rekombinantni proteiny jsou vétsinou rozpustne,
posttranslacné modifikované a snadno se izoluji, obsah
rodiéovskych proteinu je nizky, exprese probiha v pozdnich
fazich infekce

Hmyzi bunky se dobre kultivuji v suspenznich kulturach —
snadny prevod do biorektoru

Heterooligomerni proteiny Ize exprimovat vyuzitim simultanni
Infekce dvéma nebo vice virovymi vektory nebo vektorem s
vice expresnimi kazetami

Bakuloviry maji omezené spektrum hostitelu z rad
bezobratlych — bezpecna technologie



4 Glykosylace proteinu v hmyzich bunkach

doi:10.1038/nbt1095

Hmyzi bunky maji rozdilnou glykosylaci ve
srovnani se savcimi

» Shizena biologicka aktivita

» Imunogenita / alergicka reakce

Pouzivani hmyzich bunék s transfekovanymi
savCimi glykosyltransferazami

High mannose Key to symbols
B GlcNAc
O Man
l A Fucose
@ Gal
1 [ GalNAc
& Sialic acid

Insect Mammalian
Asn
N-acetylglucosaminidase N-acetylglucosaminyl
transferase II
N-acetylgalactosaminyltransferase Galactosyitransferases
Asn Sialytransferases Sialytransferases

Paucimannose

Sialylated complex

Figure 2 Overview of processing pathways and major N-glycans produced by insect and mammalian cell
systems. The processing pathways in both systems yield a common intermediate. The major insect-cell
end product (paucimannose) is produced by further trimming of this intermediate (left-hand branch),
whereas the major mammalian-cell end products (including sialylated complex) are produced by
elongation of this intermediate (right-hand branch).

DOI: 10.1016/S0065-3527(06)68005-6

INSECT PROTEIN N-GLYCOSYLATION 167

9, As

O
~—

Q

Bac/GNT
-Increased terminal GlcNAc
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Ac10KIE1GNnTII-hTTHIS o

-Added GleNAG to upper
branch
/ Ac (-)IE1GalT
o oe -Added terminal galactose
. D Asn
AcSWT-1 & AcSWT-2c
-Added galactose and terminal sialic acid
e
CMP-Neu5Ac

T CMP-N-acetylneuraminic acid synthetase
-Expressed by AcCMP-SAS
Neu5Ac

T Dephosphorylation
Neu5Ac-9-P
N-Acetylneuraminyl-9-phosphate synthase
PEP -Expressed by AcSAS
ManNAc-6-P
T UDP-GlcNAc 2-epimerase/ManMNAc kinase

-Expressed by AcEpimKin
UDP-GlcNAc

Fig 2. Structures of the N-glycans produced in insect cells infected with recombinant
baculoviruses expressing mammalian glycosyltransferases. The pathway for synthesis of
the sialylation donor substrate CMP-sialic acid (CMP-NeubAc) also is shown, and the
names of the recombinant baculoviruses encoding mammalian enzymes that participate
in this pathway are indicated. The standard monosaccharide symbols used in this figure
are defined in the key shown in Fig. 1.
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Glveotransferases Sialic Acid Biosynthesis Glycosylation Complexity
Ky s Symbabs.
GalT | ST6Gal | ST3Gall | GleNAe-T1 | GleNAe-TIl | Synthase | Synthetase | Transporter | Epimerase ::TM ; — g:,:::,
Line # | Cell line

Mammalian cell lines 1 Wild type ::}"'ﬁ' ASN Biantennary sialylation
2 Wild type ?)'.i ASN | paucimannose glycosylation®!
3 Wild type B ._?3'._1 ASN | Increased GleNAe addition™
4 Wild type B Improved galactosylation' '

ASN
3 SfpdGal T8 1 First glycoengineered cell line
519 cell line
6 SipdGal T/ST6! I I ASN | partial sialylation
7 SEWT-1% 1 1 1 1 | .-:::5}._3_ First biantennary complexity
ASN
g SISWT-3118 1 1 1 1 | | 1 Improved sialylation
9 SIEWT-6!19 1 1 1 | | 1 I 1% terminal sialylation
10 SISWT.2112 I I i i I I I Terminal sialylation without Ac,ManAc
:b—.—i—j&ﬂ precursor
11 SAEISWT® 1 1 I 1 1 1 1 I 1 13% terminal sialylation
12 SOOKSWTH 1 1 1 1 | | 1 I 1 40%: terminal sialylation
S2 cell line 13 | SUGaIT-STI21122 1 1 mg«b"i'“" Partial sialylation

doi:10.1021/acs.iecr.8b0098
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Glyeotransferases Sialie Acid Biosynthesis Glycosylation Complexity

Ky o Fymbals

GalT | ST6Gal | ST3Gall | GleNAc-TI | GleNAe-TII | Synthase | Synthetase | Tramsporter | Epimerase PO

Line # | Cell line

Wild type with a-13-core .
14 msgpe M ASN Allergenic Elm?ﬁ
15 | wild type B B :}"‘%’m MultiBac single-infection®

EEalT, B-1:4-galactosyltransferase; STOGal, a—2.6-sialyltransferase; ST3Gal, a—2 3-sialylransferase; GleNAc-TI, N-acetylglucosaminyltransferase 1; GleNAc-TIl, N-acetylglucosaminyltransferase 11); ASN, Asparagine; B, expression from BEVS: 1, expression from integrated
genes in stable cell lines.

High-Five

doi:10.1021/acs.iecr.8b0098
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Transientni exprese v hmyzich bunkach

* Vyuzivaji se hlavne Sf9 bunky

Strategies to Improve the Baculovirus Expression Vector System

http://dx.doi.org/10.5772/67849

dUVl\'/aetIeOkr; in @ Host protease V Baculovirus ’ VLP
. : A
O . ! Hostprotein  {} Cellfragment @@ Organelles F’ f i) y
1 == OO Cloning of the transfer vector @ Target Protein ) Glycosylated Target Protein | _ : Po P ?‘?yo ; )4 y’.??og.
C o wh
‘ Technologies m, { ";maton yp ?FF F? ?fy.?O’
Bac—‘ttﬁ)\-&m Transfer plasmid ‘ Baculovirus gon;mo m m Gr\:? p/ -
T @O Generation of recombinant bacmid i containing GOl with transposon arms - il
BaculoGold m’ : " e ae v e :.'.
- | | o '
Y Recombinant baculovirus genome LA ) )’ oLy i
Production of virus A) Cloning > B) Transfection N C)Amplification _ 2 D) I E)ﬁtPression
1 = P1 stock 1 Modifying Baculovirus (2 Developing New 3 Rescuing Virion 4 Reducing Virion Formation
Genome Transfection Reagents  Formation Defects 5 Reducing Cell Lysis

Y

‘ @I{\ Virus amplification

\

Technologies

_‘! Virus titer determination

\/

1) Cell expansion

2) Infection with baculovirus

)
)
)
)
)

k——» Protein purification

Plaque assay

TCID

Figure 2.

6 Humanizing Glycosylation

Overview of the BEVS and strategies to address issues associated with product
contamination and glycosylation. BEVS includes four major steps: (A) Cloning the gene of
interest (GOI) into a transfer plasmid and transposing into the baculovirus genome in a
specialized E. coli strain (DH10Bac). (B) Transfection of the purified recombinant

baculovirus genome in insect cells to form recombinant baculovirus progeny (Note: direct

homologous recombination in insect cells could also be used but is not shown for

simplicity). (C) Amplification to generate high-titer viral stocks. (D) Expression of the target
protein. The six strategies listed have been applied at one of the four steps.

doi:10.1021/acs.iecr.8b0098
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uziti transientni exprese

BEVS-derived products licensed for commercial use

Application Product name Company Stage References

For human use Product/Indication Manufacturer Product Type
Cervical cancer CERVARIX" GSK Approved [27] Veterinary Vaceines (pigs)

Prostate cancer PROVENGE® Dendreon Approved [28] Classical swine fever

Influenza FluBlok® Protein Sciences Approved [29, 30] — Porcilis® Pesti MSD Animal Health subunit
Influenza AJH5N1 Virus-like particle Nowvavax Phase I (NCT01596725) [31] _ BAYOVAC CSF E2®/Advasure®” Bayer AG/Pfizer Animal Health subunit
For veterinary use Porcine circovirus type 2

Procrine circovirus 2 (PCV2) Porcilis” PCV Merck Approved [32] — Circumvent® PCV Merck Animal Health VLP
PCV2 CircoFLEX® Boehringer Ingelheim Approved [33] - Ingelvac CircoFLEX® Boehringer Ingelheim Vetmedica VLP
Swine fever Porcilis Pesti® Merck Approved [34] — Porcilis® PCV MSD Animal Health VLP

Human Vaccines

Table 1. Selected human and veterinary vaccines produced using BEVS.
Human papillomavirs

— Cervarix® GlaxoSmithKline VLP
http://dx.doi.org/10.5772/67849 Influenza

— Flublok® Protein Sciences Corporation subunit

Human Therapeutics

Prostate cancer
— Provenge® Dendreon immunotherapy

Lipoprotein lipase deficiency

— Glybera® umQure rAAV-based gene therapy

doi: 10.1002/biot.201400438 UDiscontinued
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Stabilni exprese v hmyzich bunkach

Hlavné S2 bunky — rekombinantni rS2 bunky

Gen je integrovany do jaderné DNA

Stabilni exprese, vysoka homogenita Sarzi
Moznost vyuziti perfuznich kultivaénich systému

C

Most likely integration of multiple copies

)(

Integration of single fragments

(a) Two separate plasmids )

-+

6) One plasmid with\
separte promoters

6 One multicistronb
plasmid

("d) Plasmid with )
transposon

() RMCE

[V

1) Plasmids containing the
docking cassette

2) Plasmids for
cassette exchange

O

\

L | expression cassette
(containing e.g. Kozak sequence, signal peptide, gene of interest, fusion tags, polyA signal) ~~

internal ribosome entry site (IRES) / 2A-like sequence (T2A)

(i.e. 9C31 integrase recocnition sites attP or attB)

cassette encoding a integrase

(i.e. 9C31 integrase)

i lecti ’ ) 2
vecr v S i expression & Al A\,
vector vector selection docking expression
yvector ; cassette helper selection helper
k\\:\k\ v 4 helper plasmid \ plasmid vector plasmid
fo plasmid backbone Key N\
(containing e.g. origin of replication and selction cassete for propagation in bacteria) p— cassette encoding atran sposase
constitutive promoter > (i.e. P transposase /Minos transposase)
(e.g. copia LTR) Py transposase recognition sites
#=y selection cassette - (i.e. P element terminal repeats /Minos inverted repeats)
(contain'ing a‘lntibiotic .resistan.ce marker) cassette enco ding a reporter protein
constitutive or inducible promoter Y (eg.GFP)
e Ay « integrase recognition sites

J

http://dx.doi.org/10.5772/67849
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1= @O
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expression vector
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Transient transfection
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p Transient protein production
4

)

Stable protein production
using a polyclonal cell line

(Single cell cloning and ﬁ
screening for high producers

1 2345678 9101112
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3-8 ==
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Expansion

and scale up -
optimization of
process conditions

' k > Stable protein production

using a monoclonal cell line

protein yield
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Vyuziti stabilni exprese

Proteins in clinical development

Recombinant placental malaria vaccine Phase [ [76, 89, 90]
West Nile virus vaccine Phase | [76, 91]
HER-2 protein AutoVac™ (breast cancer) Phase II [76]

Proteins for research and process development

HIV-1 VLP and soluble HIV gp120 VLP [92]
Arabidopsis thaliana sterol glycosyltransferase Enzyme [93]
Psalmotoxin 1 Small peptide toxin [83]
M2 muscarinic and glucagon receptor G-protein-coupled receptor [94]
Atlantic salmon serum C-type lectin Lectin [95]
Monocdonal antibody against H5N1 influenza hemagglutinin Antibody [81]
Enhanced green fluorescent protein (eGFD) Fluorescent marker protein [96]

http://dx.doi.org/10.5772/67849
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Vektory pro prenos do savmch bunek

1. Plazmidoveé vektory - plazmid se nereplikuje, vzacné se zacClenuje
do genomu bunky
« prokaryoticky plazmid + eukaryoticka transkripCni jednotka + selekCni marker
« vyuzivaji se k selekci transfekovanych bunék pri kotransfekci a sledovani

transientni exprese genu
2. Virove vektory - kyvadlove vektory, replikujici se v hostitelskych
bunkach

« (Cast bakterialniho vektoru + sekvence eukaryotickych viru + selekCni marker

« vektory odvozené z SV40, bovinniho papilomaviru, EBV, retroviru,
bakuloviru, viru vakcinie, adenoviru aj.

* vyuzivaji se ke sledovani stabilni nebo transientni exprese genu a k
ziskavani rekombinantnich proteinu ve velkém mnoZstvi
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'Obecna struktura savéiho expresniho vektoru

Enhancer

Promotor

Zesilovace transkripce

(enhancery)
polyA sekvence
Selekéni marker

Pocatek replikace

r

— ¥ .-

Bacterial Promoter

Selection
Marker

Bacterial
Replication

Origin
Mammalian
Selectable Marker
Chromatin
Insulator
Bacterial Promoter
Selection
Marker
Bacterial
Replication
Origin
Mammalian
Selectable Marker

Fig. 1T Schematic of mammalian expression vector components (revised
from). a Expression vector which contains promoter (with or without an
enhancer element) and a 3’ polyadenylation sequence, and GOI
sequences are inserted into a multiple cloning site (MCS). The
mammalian and bacterial selectable marker is regulated by a separate
set of regulatory elements. b Bistronic vectors contain a single cassette
for expression of a GOI and the MCS and a mammalian selectable

N NN B Y AR

Promoter

Bacterial
Selection
Marker

Bacterial
ge‘pl'lcatlon ~ Mammalian
rigin Selectable

Marker

Poly A

Enhancer

Bacterial Promoter

Selection

Exon
Marker

Intron

Bacterial
Replication
Origin

Exon

https://doi.org/10.1007/s00253-020-10640-w

Mammalian
Selectable Marker

marker, separated by the IRES and under control of an upstream
promoter and 3" polyA. ¢ Expression vectors containing DNA opening
elements (e.g., MARs or UCOEs), the element is typically placed
upstream-—and possibly also downstream—of the polyA. d Expression
vectors containing one or more introns are frequently inserted into the
coding sequence for a gene of interest
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Promotory savéich vektoru .

* Nejbeznejsi promotory pro expresi v savcich bunkach:
— lidsky cytomegalovirus enhancer/promotor (hnCMV)

— Simian virus 40 brzky promotor (SV40E)
— CMV enhancer/kureci -aktin promotor (CAG)
— lidsky prodluzovaci faktor-1a (hEF-1a)

— Elongacni faktor-1 a Cinského kreCka (CHEF-1a)

« Uméle vytvoreny SCP1 (super core promoter 1) promotor — 3% rychlejSi nez CMV

Elements Size Source Vector example
(bps)
Promoter hCMV 589 Homo sapiens cytomegalvirus pRe, pCI, pAACMVS, pcDNA3.1,
pBudCE4.1
mCMV 522 Murinecytomegalovirus (S vector
SV40 351 Simian virus pGL2, PSF-SV40
RSV 229 Rous sarcoma virus pRSV, pRC-RSV
PGK 555 Mouse phosphoglycerate kinase 1 pDRIVES-SEAP-mPGK
hEF1x 1335 Homo sapiens elongation factor 1o pDRIVES-GFP-1
CHEF1a 1660 CHO elongation factor 1a gene pSF-CHEF1-Fluc ]
CAG 1662  CMV enhancer/B-actin promoter pCAGG https://doi.org/10.1007/

s00253-020-10640-w
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Virove konstitutivni promotory
* Vysoka mira exprese GOl

* Virové promotory jsou casto aktivni pouze béhem

konkrétni faze bunécneho cyklu (napr. CMV je aktivni
béhem S faze)

* Vysoka produkce cilového proteinu inhibuje rust bunek a
muze zpusobit i apoptozu

* Virove promotory jsou nachylné k epigenetickemu
umlicovani
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Inducibilni promotory
* Nejsou zavislé na bunecném cyklu

Indukce proteinové exprese na vrcholu exponencialni faze rustu
zajisti maximalni vytezky

IPTG-inducibilni lac operon

Operony represoru tetracyklinové rezistence Tn10 (tetracycline
resistance repressor operons) — Tet-Off/Tet-On
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Dalsi regulacni oblasti

- - - Y RN

PolyA sekvence

— v 3-UTR terminatoru
— polyA sekvence z viru SV40 — zvySena odolnost k nukleazam

Introny

— vlozeni intronu nebo neprekladaného exonu pred start kodon zvySuji efektivitu transportu

MRNA z jadra do cytoplasmy a prodluzuje jeji poloCas

IRES

— Internal ribosome entry site

— vklada se mezi Cteci ramce bi/poly-cistronnich mRNA
— zajistuje expresi vice genu z jednoho promotoru

— translace genu za IRES je nizSi nez pred IRES
Furin-2A sekvence

— malé samostepici peptidy

— vkladaji se mezi dva ORF misto IRES

— zajisti stejnou expresi obou genu
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" Selekéni markery

Selective agent

Xyl-A
Blasticidin S

Bleomycin
G-418 (Geneticin)
Histidinol

Hygromycin B

MSX

MTX

PALA

Puromycin

T PF T aaa———

Action of selective agent

Damages DNA

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

Inhibits glutamine synthesis

Inhibits DNA synthesis

Inhibits purine synthesis

Inhibits protein synthesis

Y e N

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)

Puromycin N-acetyltransferase (Pac)

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

MSX, methionine sulfoximine; MTX, methotrexate; PALA, N-(phosphoacetyl)-L-aspartate;
Xyl-A, 9-B-D-xylofuranosyl adenine
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Table1 Commonused elements of expression vector in mammalian cells
Elements Size Source Vector example Reference(s)
(bps)
Promoter hCMV 589 Homo sapiens cytomegalvins pRe, pClL pAJCMVS, pcDNAZ.L, Ho and Yang (2014)
pBudCE4.1

mCMY 522 Murinecytome galovins (8 vector Xia etal. (2006)

SV40 351 Simian virs pGL2, PSF-5V40 Wang et al. (2016)

RSV 229 Rous sarcoma virus pRSV, pRC-RSV Wang et al. (2016)

PGK 555 Mouse phosphoglycerate kinase | pDRIVES-SEAP-mPGK Wang et al. (2016)

hEF1a 133 Homo sapiens elongation factor 1o pDRIVES-GFP-1 Wang et al. (2017 ); Veith et al. (2016)

CHEF1 1660 CHO elongation factor la gene pSF-CHEF1-Fluc Wang et al. (2016)

CAG 1662 CMV enhancer/B-actin promoter pCAGG Wang et al. (2016)
PolyA HGH 624 Homeo sapiens growth hormone pCMVE Ostedgaard etal. (2005)

SV40 late 222 Simian virus 40 pCHOL.0, pYL1 Liuet al. (2017)

Synthetic polyA 49 Rabbit f-globin pAAV-CW3ISA-EGFP Choi et al. (2014)

SPA
bel—I : 250 Bovine growth hommone pcDMNAZL, pTS1012 Berman et al. (201 8); Naddafi et al.
(2018)

Mutation BGH 164 Bovine growth hormone mutation pVAXIGFP-BGH-M] Agzoni et al. (2007)

HSV TK 19 Herpes simplex virus pTLD39 Leidy-Davis et al. (2018)
Intron hCMV intron El4 Homo sapiens cytomegal ovins major pGAl Chapman et al. (1991); Ross et al.

immediate-early protein gene (2000)
Intron hEF1 042 Homo sapiens elongation factor EF-1-alpha gene pTT5, pCE25 Kemmer et al. (2010)
promoter
Chimeric intron 133 Synthetic intron pPAL Alcolea et al. (2018)
Modified SV40 99 Synthetic intron pCMHI148, AF2R6077 Wang et al. (1995)
mromn

f-Globin intron 512 Rabbit beta-globin intron 11 p3GS, pMVAX1(c) Du et al. (2014)
IRES EMCV WT 505 Encephalomyocarditis virus Tricistronic vectors Ho et al. (2012)

EMCV ATT 305 Mutated EMCV IRES with attenuated Tricistronic vectors Ho et al. (2012)

translation effificiency

FMDV 458 Foot and mouth disease virs CHEF-F2A Ebadat et al. (2017)

HCWV 368 Hepatitis C virus Lafuente et al. (2002)

HRV 622 Homo sapiens thino virus Stoneley et al. (1998)

PV 635 Poliovirus Johansen et al. (2000)

AQP-4 292 Aquaporin 4 Baird et al. (2007)

Apaf-1 581 Apoptotic protease-activating factor] Holcik et al. (2003)

BIP 222 Immunoglobulin heavy chain binding protein Mevins et al. (2003)

BROS-E/95:H0L (0Z0T) jouymolg (oo |ddy
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Table 1 (continued) Z
=
Elements Size Source Vector example Reference(s) &
(bps) %
CAT-1 274 Cationic amino acid (arginine/Tysine) ransporter 1 Femandez etal. (2001) g
C-IIyC 352 C-IyC Proto-onco gene Femandez et al. {2001} g
NRF 653 NF-kappaB repressing factor Onumard et al. (2000) =
Rbm3 721 Cold stress-induced mRNA Chappell et al. (2001) 1~
YVCIP 571 WVascular endothelial growth factor (VEGF) and type 1 collagen in- Blais et al. (2006) §
ducible protein th
Furin-2A FMDV 2A(P2A) 22 Porcine teschovirus-1 2A pleot9s Scheller et al. (2018) ?
T2A 21 Thosea asigna virus 2A pCS4+ Kim et al. (2011) é
E2A 23 Equine rhinitis A virus pCS4+ Kim et al. (2011)
F2A 25 Foot-and-mouth disease vims pCS4+ Kim et al. (2011)
Selection DHFR 564 CHO cell pCHOL1.0 Invitrogen
marker
GSs 1119 CHO cell pEE12.4 Lonza biologics
MeoR(G418) =04 Neomycin resistance gene from E. coli pleoh9s Scheller et al. (2018)
BsR 399 Blasticidin resistance gene from Bacillus cereus pSGH01 Goldfless et al. (2014)
HygR 1026 Aminoglycoside phosphotransferase from E. cofi pWNDC_SUB4 CrenBank: LMEGHES3.1
Zeocin 375 Strepiomvces TLY90 pBudCE4.1 Thermo Fisher Scientific
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Tvorba multimernich proteinu

* Moznosti pripravy:
1. klonovani genu pro podjednotky samostatné a pak jejich spojeni in vitro —
nizka ucinnost
2. klonovani genu ve dvou vektorech v jedné bunce — sestaveni proteinu in vivo
— vysoka ucinnost
 Mozné komplikace:
— Ztrata jednoho z vektoru, aktivni protein se nevytvori
— Ruzny pocet kopii vektoru, jedna z podjednotek je v nadbytku, vysledného
produktu je malo

 Re3eni: Klonovani genti v bicistronickém expresnim vektoru
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'Dvouvektorovy expresni systéem v jedné bunce

Amp' Amp’
ori®  gene SMG1 TT orieuk ene SMG2 TT

p Gene  pa/TT

l

RNA ( )

Protein subunits B

Ztrata jednoho z vektoru,
aktivni protein se nevytvori
Ruzny pocet kopii vektord,
jedna z podjednotek je v 2
nadbytku, vysledného Assembled protein
produktu je malo

dimerni protein




Dva geny na jednom vektoru

Expresni vektor se dvéma klonovanymi Bicistronicky expresni vektor pro klonovani genti
geny kédujicimi podjednotky heterodimeru kédujicich podjednotky heterodimeru
Amp'

ori¢ orit  gene p SMG pa TT

T

P pa TT

SMG
.

e P o IRES ) Geneo.  pa/TT
v e Jeden transkript
i l Oba geny jsou ‘ (bicistroniclgy),
RNA — transkribovany l—> - translatovgny (':io
a translatovany R N dvou proteinovych
¢ samostatné podjednotek

Protein subunits @

\/ Protein subunits

Assembled protein

IRES = internal ribosomal entry
site — umoznuje simultanni
translaci polycistronické mRNA
nékterych savcich viru

Assembled protein
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Retrovirove vektory

nfikuji Siroké spektrum bunék zivocCisnych druhu a ruzné typy
idskych bunek
nfekce vede k integraci viroveho genomu do genomu hostitelské

bunky — misto integrace je libovolné (prednostne v transkripcne
aktivnim chromatinu)

Infekce retrovirem nema za nasledek smrt bunky, Casto vede ke stale
produkci novych virionu

Nevyhodou je schopnost retrovirovych vektoru aktivovat transkripci
genu sousedicich s misty jejich zaclenéni
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Vektory odvozene od SV40 viru

« Simian virus 40 — polyomavirus napadajici
opice a Cloveka

« genom = 5,2 kb kruznicova dsDNA

 zivotni cyklus: g
— v permisivnich burikach (opice) — lyticky cyklus ﬁ
— v nepermisivnich bunkach (mys, kreCek) — 8

Integrace do genomu, transformace bunek
» Konstrukce vektoru:

— nahrada casné nebo pozdni oblasti cizimi geny,
komplementace chybejicich funkci pomocnym
virem nebo pomocnymi bunkami (COS)
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'COS buiky '

* Fibroblastum-podobné buriky o
odvozené z opicCi ledvinové e T— =
tkane CV-1 Origin of SV40 -

« COS =CV-1 (simian) in Origin, [:r;:zmzn.k soviomlf o]
and carrying the SV40 genetic A s
material )

* Defektni SV40 virus B,
iIntegrovany do genomu — l

- e Nahrada ¢asné
A I/ | ona oblasti SV40

5/ | hemaglutininu (Ha)
chtipkového viru

: mutantni SV40

genem Ha viru
chripky

T-antigen

- . N Tgw
nemuze se samostatne / N B
replikovat, ale tvofi vSechny A -_—

p rOte | ny konstitutivni exprese

\ oo @5 Rekombinantni
* Replikace rekombinantnich poney e\ _J) | virus

iy % :
(a) V’ (buftky COS) ve virionech
SV40 viru nebo plasmidu s Fekombinanin
p Obr. 15-2: Zaména Casné oblasti SV40. (a) Opiti buiiky jsou infikoviny mutovanym SV40, bez funkéniho podatku replikace, ale mOIeKUIy se Obalujl
. s funk&nimi €asnymi i pozdnimi geny. Protoze se takové molekuly nemohou replikovat, integruji se do chromozomu opidich bunek, - ma lé klon ovaci
kde pokracuji v tvorbé funkéniho T-antigenu. Tyto buiiky se nazévaji COS. (b) Casna oblast SV40 je nahrazena klonovanym genem :
O r I SV4 O pro hemaglutinin (Ha) chiipkového viru. Pii transfekci COS bunék takto vytvofenym hybridem se v bufikéich tvofi T-antigen, ktery kapaCIta

vyvolava replikaci Ha-SV40 DNA. Funk&ni pozdni oblast tvofi proteiny virového obalu. Molekuly Ha-SV40 jsou sbaleny do
viriond,

* hlavne transientni exprese
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Pouzivane savcCi bunky

NejCasteji pouzivane CHO bunky
(60-70% rekombinantnich |

biofarmaceutik na trhu)
— hlavné stabilni exprese / \

CHO-K1 CHO-MtxR" CHO-Toronto

- rostou V SuspenZI \ (sister cell line of CHO-K1)

. - y-ray induced mutation
— produkce proteinu az 10 g/L \

v s CHOK1SV CHO-DXB11 CHO-DG44 CHO-So
Sp2/0 a NSO myS| mye|0m, YBZ/O (CHO-DUKX (dhfr-/-) (Univ of Toronto, original)

; CHO DUK-XB11) full deletion

potkani myelom a baby hamster N anl VRN
kidney (BHK) bufiky oo SO o PR

Lidske linie PER C6 a CAP

— idealni posttranslaéni modifikace —
nizka imunogenita terapeutickych
proteint

doi: 10.1007/978-3-319-52287-6_29



Biotherapeutics ranking in the top 50 pharmaceuticals of 2014 based on global sales

Trade Sales
name Proper name Manufacturer A ge (SUSB) Tec]mology Application Expression host
Humira adalimumab AbbVie & Eisai 12 12,890 Antibody, human [gG1/k TNFa Inhibitor CHO
Enbrel etanercept Amgen & Phizer & 16 | 8915 Recombinant Protein TMNFa Inhibitor CHO
Takeda
Remicade |infliximab INT & Merck & 16 | 8807 Antibody, chimeric IgG1/k | TNFa Inhibitor Sp2/0
Mitsubishi
Lantus insulin glargine Sanofi 15 8428 Recombinant Protein Insulin analogue E.coli
Rituxan rituximab Roche 17 | 7347 Antibody, chimeric IeG1/k | Anti-CD20 CHO
Avastin bevaci zumab Roche 1o | 7018 Antibody, humanized IgG1/ | Anti-VEGF CHO
k
Herceptin | trastuzumab Roche 16 | 6863 Antibody, humanized IgG1/ | Anti-HER2 CHO
k
Neulasta peefil grastim Amgen & Kvowa Hakko |16 | 4599 Recombinant Protein G-CSF E. coli
Lucentis ranibizumab Novartis & Roche B 4301 Antibody, humanized IgG1/ | Anti-VEGF E.coli
k Fab
Prevnar 13 | pneamococal Pfizer & Daewoong 4 4297 Bacterial Vaccine Pneumococal vaccine Pneumococal
vaccine strains
Epogen epoetin alfa Ameen & INT & Kyowa |25 3292 Recombinant Protein Erythropoietin CHO
NovoRapid | Insulin aspart Novo Nordisk 16 3109 Recombinant protein Insulin analogue S. cerevisiae
Avonex Interferon beta-la Biogen 15 3013 Recombinant Protein Interferon beta CHO
Eylea aflibercept Regeneron & Bayer & 3 2972 Recombinant Protein WEGFr kinase inhibitor CHO
Santen
Humalog Insulin lispro Eli Lilly 19 | 2785 Recombinant Protein Insulin analogue E. coli
Levemir Insulin detemir Nov Nordisk 11 2533 Recombinant Protein Insulin analogue 5. cerevisiae
Botox onabotulinumtoxinA | Allergan & 12 |2496 Bacterial Protein Botulinum toxin C. botulinum
GlaxoSmithKline
Aranesp darbepoetin alfa Amgen & Kyvowa Hakko |13 | 2454 Recombinant Protein Erythropoietin CHO
Rebif Interferon beta-la Merck KGaA 17 | 2444 Recombinant Protein Interferon beta CHO
Prolia denosumab Amgen & Daiichi 4 2411 Antibody, human [gG2/k Anti-RANKL CHO
Sankyo
Wictoza liraglutide MNovo Nordisk 6 2393 Recombinant Protein Glucagon-like peptide 5. cerevisiae

1 agonist
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