Aplikace genového inzenyrstvi — p  Fiprava farma-
kologicky nebo pr umyslov é vyznamnych latek

 Hormony,

« Rustové faktory

« Vakciny,

* DNA-vakciny

* Protilatky,

 Abzymy,

* Imunotoxiny

« DalSi biologicky aktivni latky (interferon, krevni srazeci faktory aj)
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Pfiprava jedno fetézcove formy inzulinuv Lactococcus lactis

NisK

:

nisA

Leader Linker
promoter peptide A chain peptide B chain

Single-chain
insulin with
His tag

Single-chain
insulin without
His tag

Vytva Feni aktivniho
inzulinu z prekurzor U
pusobenim proteaz (v
eukaryotickych bu nkach)

Vytva reni jedno retézcového
inzulinu v L. lactis.

Retézce A a B jsou spojeny
kratkym 6 amk linkerem a
nékteré aminokyseliny byly
zameneény pro dosazeni
vySSi stability v
gastrointestinalnim traktu.
Exprese se dosahne
pridanim nisinu



Priprava lidskeho inzulinu v bakterialnich
bunkach

/\ - /ﬁ-gal
Bakterialni /* retézec A
AmpR

m
promotor | Transformace
E. coli

|
o O

R DI TR

| |

Kultura bunék

) Purifikace I Aminotermalni ¢ast
fetézc A aB zralého retézce B

B-gal— : _ \
< ?%A 5 g@’\/@khe

Plsobeni {
5 aktozid kyanbromidem CNBr §t&pi peptidovou vazbu
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\{; ,lf ; ::-t' i

¥ e , , 4
_ < purifikace fazniho * *
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l Vytvo feni aktivni
formy inzulinu

Aktivni inzulin NH, i@;ogoo
NH A disulfidova vazba




Priprava lidského r ustového hormonu (hGH)
v bakteriich

{a)  Signal sequence [mammalian)

EceRl

First amino acid
of mature hGH

Remove codons for
amino acids 1-24

Hindlll
Cloned hGH <DNA
Stop codon

‘ Cleave with EcoRl

e e—— L E—

Hindlll  EeoRl
N /

Synthetic oligonuclectide
for amino acids 1-24

Isclate DNA fragment
enceding amino acids 24-191

ligate
Hindll  EcoRl Hindlll Hindill
e /
Initiator =~
methionine Cleavé
will
Hindlll
Ligate Expression veclor
Initiator Growth hormene
methionine -~ coding sequence
Promater
Amph
Transtorm E. coli Giroutk hsnnans
accumulates inside

bacterial cell

Inifiator methionine

MH,"

hGH isolated from
bacterial extract

Priprava formy hGH sekretované
v bakterialnich buikach

b) Bacterial
. Growth hormone
signal sequence ceding bequencs
Inifictor d
methionine
Growth hormone
secreted inlo
periplasmic space
Transform z
E. coli
/7
LN Periplasmic

prreusaldecw‘j
off signal peptide
hGH released by
periplasmic "s

"Met-less" hGH
s

R
COOH

Sequence of protein identical
lo natural growth hermon:

a\ccx:n-u

Met neni u pfirozeného hGH




Priprava tka noveho aktivatoru plazminogenu (tPA)

Hindlll EeoRl Cloned
:DNAFW
B | citggonc e PA
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Soi [boee e | Amplifikace gen U tPA

A orde o
- % olﬁm
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Culture cells in fermentor

Komegni vyroba




Prehled hlavnich typi vakcin

A. vakciny vyrobené tradi¢ni technologii:
- Ziva vakcina
-- virulentni (dnes se jiZ nepouziva)
-- heterologni (pribuzny patogen)
-- atenuovana
- inaktivovana vakcina
-- celobunééna
-- toxoidova (toxin zbaveny toxicity)
- subjednotkova
-- s purifikovanym antigenem
-- se syntetickym antigenem
-- ribozomalni

B. rekombinantni vakciny: - subjednotkova
-- s deletovanym genem
-- vektorova

C. DNA vakciny

D. antiidiotypové vakciny - Vakcina pripravena z protilatek, které povaZzuji jiné
protilatky za antigen a navazou se na & Antiidiotypové vakciny mohou stimulovat
organizmus k vytvareni protilatky proti nadorovym bu iikam



Konven €ni zpusoby vakcinace a DNA-vakcinace

Usmrceny nebo
atenuovany patogen

DNA vakcinace

do téla je vhesena
_ DNA, ktera koduje

Proteinova tvorbu antigenu
podjednotka patogena

= antigen



Reverzni vakcinologie

-Stanoveni kompletni sekvence genomu patogena

-Vyhledani gen u kodujicich potencialni antigeny pomoci
bioinformatickych nastroj U — proteiny s mimobun éc¢nou lokalizaci,
signalni peptidy, epitopy B-bun  ék

-PFiprava produkt G téchto gen U a jejich testovani jako antigen U

-Vakcina proti meningitid & (MenB) — 570 ORF - potencialnich antigen U
-Streptococcus pneumoniae
-Staphylococcus aureus

-Chlamydia pneumoniae ( Chlamydophila pneumoniae)



Priprava podjednotkové vakciny viru HBV

v kvasinkach

Plastovy protein

Infekéni
castice HBV

@ HesAg

Vyhody:

1. Presrg definovany antigen
2. Stabilni, skladovatelny

3. Nevyvolava vedlejsi dinky
Nevyhody

1. Draha purifikace

2. Odlisna konformace proteinu

Klonovana DNA viru HBV

|zolace sekvence
kédujici HBsAg

5 fo9
\ /] Kvasinkovy
~ N’ expresni vektor

Ligace
Kvasinkovy
_ terminator
transkripce

Kvasinkovy
promotor
transkripce

Pocatek : .
ev2” T Pocéatek

replikace pro A repli
. plikace pro
kvasinky bakterie
; Transformace kvasinkovych
o= 5 @O bun ék
o) &

. Selekce bun ék, které

obsahuji plazmid
Kultura bun ék

ve fermentoru

Shromazd éni bun ék
centrigaci

0Co0o

Purifikace ¢astic HBsAg @ @

*‘B’;/_ Rozbiti kvasinkovych bun &k
|

10



Patogeny vyvolavajici lidska onemocnéni viéi nimz jsou pfipravovany
rekombinantni vakciny

Viruses
Varicella-zoster virus
Cytomegalovirus

Dengue virus

Hepatitis A virus

Hepatitis B virus

Herpes simplex virus type 2
Influenza A and B viruses
Japanese encephalitis virus
Parainfluenza virus

Rabies virus

Respiratory syncytial virus
Rotavirus

Yellow fever virus

Human immunodeficiency virus
Bacteria

Vibrio cholerae

E. coli enterotoxin strains
Neisseria gonorrhoeae
Haemophilus influenzae
Mycobacterium leprae
Neisserin meningitidis
Bordetella pertussis

Shigella strains
Streptococcus group A
Streptococeus group B
Streptococcus prewmoniae
Clostridium tetani
Mycobacterium tuberculosis
Salimonella typhi

Parasites

Onchacerea volvulus
Leishmania spp.
Plasmodium spp.
Schistasoma mansoni
Trypanosoma spp.
Wuchereria bancrofti

Chicken pox

Infection in infants and
immunocompromised patients

Hemorrhagic fever

High fever, liver damage

Long-term liver damage

Genital ulcers

Acute respiratory disease

Encephalitis

Inflammation of the upper respiratory tract
Encephalitis

Upper and lower respiratory tract lesions
Acute infantile gastroenteritis

Lesions of heart, kidney, and liver

AIDS

Cholera

Diarrheal disease

Gonorrhea

Meningitis, septicemic conditions
Leprosy

Meningitis

Whooping cough

Dysentery

Scarlet fever, rheumatic fever, throat infection
Sepsis, urogenital tract infection
Pneumonia, meningitis

Tetanus

Tuberculosis

Typhoid fever

River blindness

Internal and external lesions
Malaria

Schistosomiasis

Sleeping sickness

Filariasis

11



Table 11.1 Human disease agents for which recombinant vaccines are currently

being developed
Pathogenic agent

Viruses
Varicella-zoster virus
Cytomegalovirus

Dengue virus

Hepatitis A virus

Hepatitis B virus

Herpes simplex virus type 2
Influenza A and B viruses
Japanese encephalitis virus
Parainfluenza virus

Rabies virus

Respiratory syncytial virus
Rotavirus

Yellow fever virus

Human immunodeficiency virus
Bacteria

Vibrio cholerae

E. coli enterotoxin strains
Neisseria gonorrhoeae
Haemophilus influenzae
Mycobacterium leprae
Neisseria meningitidis
Bordetelln pertussis

Shigella strains
Streptococcus group A
Streptococcus group B
Streptococcus pneumeniae
Clostridium tetani
Mycobacterium tuberculosis
Salimonella typhi

Parasites

Onchocerca voloulus
Leishniania spp.

Plasmodium spp.
Schistosoma mansoni
Trypanosoma spp.
Wichereria bancrofti

Disease(s)

Chicken pox

Infection in infants and
immunocompromised patients

Hemorrhagic fever

High fever, liver damage

Long-term liver damage

Genital ulcers

Acute respiratory disease

Encephalitis

Inflammation of the upper respiratory tract
Encephalitis

Upper and lower respiratery tract lesions
Acute infantile gastroenteritis

Lesions of heart, kidney, and liver

AIDS

Cholera

Diarrheal disease

Gonorrhea

Meningitis, septicemic conditions
Leprosy

Meningitis

Wheoping cough

Dysentery

Scarlet fever, rheumatic fever, throat infection
Sepsis, urogenital tract infection
Pneumonia, meningitis

Tetanus

Tuberculosis

Typhoid fever

River blindness

Internal and external lesions
Malaria

Schistosomiasis

Sleeping sickness
Filariasis 12




Priklady rekombinantnich vakcin (vakcin obsahujicich rekombinantni antigeny)

Product

Recombinant vaccines

Hepatitis B

Ambirix (combination vaccine, containing r HBsAg produced
in $. cerevisiae as one component)

Pediarix (combination vaccine containing rHBsAg produced in
5. cerevisiae as one component)

HBYVAXPRO (r HBsAg produced in §. cerevisiae)

Twinrix (adult & pediatric forms in EU. Combination vaccine
containing rHBsAg produced in §. cerevisiae as one
component)

Infanrix-Hexa (combination vaccine, containing r
HBsAg produced in 5. cerevisiae as one component)

Infanrix - Penta (combination vaccine, containing
rHBsAg produced in S. cerevisiae as one component)

Hepacare (r S, pre-S & pre-52 HBsAgs produced in a
mammalian {(murine) cell line)

Hexavac (combination vaccine, containing rHBsAG produced
in S. cerevisiae as one component)

Procomvax (combination vaccine, containing r HBsAg as one
component)

Primavax (combination vaccine, containing r HBsAg produced
in S. cerevisiae as one component)

Infanrix Hep B (combination vaccine containing rHBsAg
produced in $. cerevisiae as one component)

Twinrix (adult and pediatric forms; combination (pediatric)
vaccine containing r HBsAg produced in S. cerevisiae as one
component)

Comvax (combination vaccine, containing HbsAg produced in
S. cerevisiae, as one component)

Company

GlaxoSmithKline

SmithKline Beecham

Aventis Pharma

SmithKline Beecham
(EU); GlaxoSmithKline
(US)

SmithKline Beecham

SmithKline Beecham

Medeva Pharma

Aventis Pasteur

Aventis Pasteur
Aventis Pasteur
SmithKline Beecham

SmithKline Beecham

Merck

Therapeutic indication

Immunization against hepatitis
Aand B

Immunization of children against
various conditions inducing
hepatitis B

Immunization of children &
adolescents against hepatitis B

Immunization against hepatitis
Aand B

Immunization against diphtheria,
tetanus, pertussis,

Haemophilus influenzae type b,
hepatitis B and polio
Immunization against
diphtheria, tetanus, pertussis,
polio and hepatitis B

Immunization against hepatitis B

Immunization against diphtheria,
tetanus, pertussis, hepatitis B,
polio and H. influenzae type B

Immunization against H.
influenzae type B and hepatitis B
Immunization against diphtheria,
tetanus, and hepatitis B
Immunization against diphtheria,
tetanus, pertussis and hepatitis B

Immunization against hepatitis
AandB

Vaccination of infants against H.
influenzae type B and hepatitis B

Date approved

2002 (EV)

2002 (US)

2001 (EU)

1996 (EU) (adult),
1997 (EU) (pediatric),
2001 (US)

2000 (EU)

2000 (EU)

2000 (EU)

2000 (EV)

1999 (EU)
1998 (EU)
1997 (EU)

1996 (EU) (adult),
1997 (EU)

1996 (US)



Strategie pro vytvo fFeni delece €asti peptidu Al choleratoxinu —
pFiprava kandidatniho vakcina €niho kmene

Clal  Xbal

Clal
Xbal

Xbal li
T4 DNA ligase

Deleted A; peptide
DNA sequence

__——Plasmid
Ay peptide
——"DNA sequence

VysStépeni ¢asti sekvence kodujici peptid Al (klonované
v plazmidovém vektoru) — vysStépi se ~ 90% aminokyselin)

Cirkularizace vektoru (pfipojeni
Xbal-linkeru, St&peni Xbal, ligace)

Chromosomal DNA

nker of V. cholerae

Conjugation &;&
—_—

Struktura choleratoxinu

B subunit

i

A2 peptide Al peptide

!

vlastni toxin

Vazba na receptory
mukozy

Chromosomal
DNA

Tetracycline resistance
gene insert
Recombination

Vibrio cholerae

Prenos vektoru do kmene, v némz
je uvniti genu pro Al zaclenén gen
pro rezistenci k tetracyklinu (Al je
inaktivovan, bunky jsou TetR) —
potencialni reverze Al vyclenénim
tetR — proto neni vhodny jako
vakcina

Vektor se po nékolika

Chromosomal
DNA

Deleted A; peptide
DNA sequence

v

generacich spontanné vyredi

Selekce bunék TetS, obsahujicich
deletovanou formu Al — tyto buriky tvofi
slozku A2 a B, a jsou proto imunogenni
— reverze neni mozna 14




Priprava podjednotkové vakciny proti HSV
v bu nkach CHO (chinese hamster ovary)

Membranoy

vazana forma,
Cloned viral gD gene Transfected CHO cell

Secreted gD protein

Transfect
— — iy

Purify and
concentrate

Glykoprotein D (gD) ,
imunogenni slozka HSV Infect

Infect

Not protected Protected

HSV — onkogenni virus, sexual® pienosna onemocéni, encefalitida, infekce oka
15



Uprava genu pro plas tovy glykoprotein
(gD) HSV pro ziskani rozpustné formy gD

Klonovani a exprese genu v saich expresnich systémech (CHO)

Modified HSV
glycoprotein D

NH,

COOH

/HSV glycoprotein D

Exterior

Exterior

" Membrane * Membrane

Interior

: Interior
COOH

Transmembrane

domain

V genu pro gD byla oblast kddujici
transmembranovou doménu
deletovana, vysledny produkt je
rozpustny a lze jej snaze purifikovat

Kompletni gen pro gD obsahujici
C-terminalni Usek kodujici
transmembranovou doménu — tato
forma gD je obtizné purifikovatelna

16



Vyuziti patogenniho druhu

k prenosu DNA

Shigella flexneri jako zivého vektoru

pro genetickou imunizaci do sav €ich epitelialnich bun ék

Del&ini

Wild type —=————p mutant ==  Transformed mutant

asd 5
@)
000

— Plazmidova DNA's
Peroralni genem pro antigen

podani

ac asd asd
Aspartat B-
semialdehyd
dehydrogenaza
Epithelial Epithelial
cells cells
Y Y
Patogenni ~ nepatogenni
bakterie — bakterie
nelze pouzit k
_vneseni Buriky invaduji do
Imunizacni epitelidlnich bunék, ale
DNA nemnozi se — vhodny
vektor pro prenos DNA

Epithelial
cells

v

Bakterie neni
patogenni, nemnozi se,
plazmid prechazi do
cytoplazmy host. bunék

'

Exprese klonovaného genu
v cytoplazmeé (leuk. P), tvorha
produktu, imunizace




Rekombinantni protilatky

A.Terapeutické ucely

- pasivni imunizace

- cilené dopravovani lé €iv — terapeutické protilatky

- protinadorova Ié ¢€iva — biologicka lé €ba

B. Diagnosticke ucely
Imunologické analyzy

18



Struktura protilatky

Papain

(hydrolyza)

Fab (antigen binding fragment)

COOH

COOH

Fc

19



Funk¢ni ¢asti protilatky

1IgG

() = Antigen binding site

Casti IgG
Fc = interakce s buré¢nymi
receptory a komplementem

Fab = obsahuje vazebné
misto pro Ag.Retézce jsou
spojeny disulfidickymi
mustky

Fv = ¢ast Fab, vaze antigen.
Retézce jsou spojeny
flexibilnim peptidovym
linkerem nebo now
vytvoirenou disulfidickou
vazbou

20
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Fahb Fab' scFv di-zcFy sdAb
:1I'3;I'I'r"-"| I'|||l;E'I '.:lll'lﬂll'l_l_l |5Ir'|l;|E -chan |5II'|l;|E daman
smriethele; Treepraosaad ) i hbaely )

N g=

chemically inkad
F[ab'] 5 A apeﬂu: I-cell -&"'-:,d-,"&':'

trifunctional antibody
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orotilatek

Lymfocyty
ziskané

Z imunizované
mysi
(pfeskupené
geny)

—

Soubor
degenerovanych
5 -primer(

Stejny primer
pro vSechny

v

Soubor cDNA pro tézké

retézce

Rearranged heavy chain gene
LY

N
Intron

Heavy chain mRNA

Cul

H G2  G3

Synthesize cDNA with reverse
transcriptase

S AAAAA]

[ TTTTT]

Anneal degenerate PCR
primers fo cDNA

[ ] 11T 1 1]

PCR

Klonovani cDNA pro p Fipravu rekombinantnich

Kombinace miliont
klonl pro tézké a pro
lehké retézce

A

klonovana cDNA pro tézky
fetézec, stejnym zplsobem se
klonuje cDNA pro lehky fetézec




Priprava specifické protilatky

® ® ® ymphooytes from
® ® immunized mouse

|

mRMNA

I Reverse tronscriptase

DA

EER// PCF
Amplified

':'“P'iﬁr;'i. =] m— ( TPE
N chamn
R | — — |

Ligate H and L chain cDNAs
into ) expression vector

H chain cDNA -~ ™ Lchain cDNA

I

Infect E. cofi
H and L chains are
produced in infected cells

oo
H and L chain-encoding cDMNAs
from reactive antibody are cloned

Priprava miliond cDNA nesoucich
informaci pro L a H fetézce

Amplifikace gentl pro L a H fetézce pomoci
PCR, klonovani do fagového vektoru

Kazdy fag obsahuje nahodnou kombinaci L a H

Soubor fagll predstavuijici
kombinatorickou fagovou knihovnu

H and L chains associate
. " 1o form Fob moleculss

X Miliony
 Hooey ~,monoklonalnich”
!;nght:hulrl e
" Fob binds to filler p I‘O’[I Iate k

Fob binds
ﬁ/ anligen
faVal

Preklonovani do expresniho savciho nebo bakterialniho vektoru




Priprava kombinatorickeé knihovny V

.- a V- oblasti

protilatek v E. coli ve vektoru lambda

Extract mRNA from
isolated lymphocytes

:

Convert mRNA to cDNA

;

Amplify H and
L chains by PCR

'

Cut with specific set of
restriction endonucleases

e X

Clone H chain sequences Clone L chain sequences
into "H chain” into "L chain"
bacteriophage vector bacteriophage vector

X ¥

Combine H and
L chains into one
bacteriophage vector

:

Screen plaques
for antigen binding

¢

Excise H and
L chains as
part of a plasmid

Transform E. coli with
plasmid-H-L
chain DNA construct

'

Harvest antigen-binding
Fv fragment from E. coli

Lidské B-lymfocyty

PCR

cDNA H a L fetézcu maji odliSna mista pro rizné
RE, coZ umoZzhiuje jejich oddélené klonovani

Mnoho riznych kombinaci — kazdy
,kombinatoricky vektor* obsahuje jednu
kombinaci.

selekce

Preklonovani vybranych kombinaci do
plazmidu (fag buriky lyzuje a neni mozné
ziskat vétSi mnozstvi produktu)

N

Vyuziti v diagnostice/terapii 24




Konstrukce kombinatorické knihovny Fv
ve vektoru bakteriofaga lambda

EcoRI Notl

Leader .
p*¢ | RBS peptide L chain fragment
] L ) cDNA fetézcl L a H separatné

klonované ve vektorech lambda

5 Notl i esder FcoRI >-
LS L (knihovny L-fetézctl a H-fetézc)
_
C
FcoRI

Ligace jednotlivych L a H
fetézcu a jejich klonovani
v lambda vektoru

Leader
H chain fragment RBS peptide

25



Vytvo reni kombinatorické knihovny Fv
protilatek ve vektoru faga M13 (fagemidech)

Heavy chain cDNA Light chain cDNA
&PCR ¢PCR
Vi DNA

V| DNA

iLigate

Linker Vi DNA

of bacteriophage
M13

llnsert into gene 3

Klonovanim do genu 3 vznika fuzni protein,
ktery je lokalizovan na povrchu faga

Vy; DNA Linker V. DNA

M13 DNA into
M13 phage

lPackage modified

/ Spojovaci peptid

Selekce (ELISA-like)
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Duvod pro p Fipravu humanizovanych protilatek:

obtizna priprava lidskych monoklonalnich protilatek konvencéni
hybridomovou technologii

e Lidské chromozomy v hybridomech vytvorfenych po fuzi lidskych
lymfocytd s mySimi myelomovymi bufikami jsou nestabilni, takze
se takové hybridomy produkujici monoklonalni protilatky vytvareji
jen vzacne

* Nejsou k dispozici linie lidskych myelomovych bunék, které by
mohly nahradit mySi myelomové buriky pfi tvorbé hybridomu

* | kdyby bylo mozné vytvaret lidské hybridomove bunécné linie,
bylo by to proti I€karskym etickym zasadam (injikovani
specifickych antigenu do ¢lovék za uéelem jinym nez
terapeutickym, a odbér ¢asti sleziny pro ziskani lymfocytl)

Transgenni mysi s geny pro lidské imunoglobuliny v YAC ( jejich
vlastni geny pro Ig knokautovany, pak imunizace, nap  F.
tetanotoxinem —tvo i lidské protilatky)

27




Priprava humanizovanych protilatek

MysSi protilatka Chimericka protilatka Humanizovana protilatka

CDRs -complementarity
determining regions

Hypervariabilni
Variabilni, Konstantni oblast je oblasti jsou
konstantni a z lidske protilatky, z mysich protilatek,
hypervariabilni variabilni a ostatni jsou lidské —
oblasti jsou hypervariabilni oblasti zvy$eni specifity
z protilatek mysi jsou z mysi mutacemi CDR
65% lidske 95% lidské "




Lidskée protilatky

Human monoclonal antibodies (imab)

Jsou pripravovany z transgennich mysi, do jejichz
genomu jsou reneseny lidské geny pro
Imunoglobuliny. Tyto mysSi jsou nasled® imunizovany
pozadovanym antigenem a produkuji pak
monoklonalni protilatky. Ty jsou pak in vitro pouzity k
piripraveé plné humannich protilatek.

29



Protilatka s dvoji specifitou

Protilatka vazajici se na
antigeny na povrchu
tumorovych bunék

manipulace
na urovni cDNA

I rekombinace

\p

Tumorova bunka

T bunka usmrcuje
tumorovou bunku

<

rotilatka s dvoji
specifitou /

Protilatka vazajici se
na antigen na povrchu
T bunék

T bunka

30



Mechansimus p uUsobeni bispecifické monoklonalni protilatky

Bunka
adenokarcinomu EpCAM; | Catumaxomab w3

7

A

Makrofag, NK nebo dendritickd bu rika

Cytotoxickd T bu nka
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Mechanismus p uUsobeni bispecifické monoklonalni protilatky

Bunka | Cytotoxickad T bu nka
adenokarcinomu EpCAM" | Catumaxomab wg

P

c receptor

Makrofag, NK nebo dendritickd bu rika

Catumaxomab (bchodni ozna €eni Removab)je hybridni monoklonalni

protilatka pouzivana k [é €bé maligniho ascitu u pacient s metastazujicimi
nadory. Vaze se na antigeny CD3 p Fitomné na cytotoxickych T-bu nkach a

sou ¢asné na antigeny EpCAM na naddorovych bu nkach. Je pouzivana v EU a
klinicky testovana v USA. 32



Tumor cell

Tumor antigen

FC receptor

Accessory cell
Examples: NK cells, Macrophages

Costimulation

/
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scFv - single chain antibody variable
region fragments (SCA)

(glycin,serin),

Linker je nutny
pro vytvoreni
konformace

schopné vazat
I antigen

Disulfidické mustky

scFv — terapeutické agents — noveé vazebné schopnosti, nizsi
imunogenicita v disledku chybéni Fc domény, snadnéjSi penetrace
do cilového mista (pevné nadory atp). 34



Schematické znazorn eni struktury ,single-chain®
Fv imunotoxin u (scFv)

A
Linker peptide Disulfide bridge
10-25 aa \
- exotoxin A Pseudomonas Zameéna peptidového linkeru za disulfidicky
- diftericky toxin mustek nékolikanasobné zvysSuje stabilitu
- ricin scFv a tim zlepSuje jeho terapeutické vyuziti

Napfr. fuzni protein

\ 4

., L o , -lg + '
Protinadorove pusobeni (vazba HER?2-lg + exotoxin Pseudomonas
human epidermal growth factor receptor 2 -Approximately 30% of

. . '
na recepto rya pOVfChOVG prOtemy breast cancers have an amplification of thedER2/neu gene or
nédorovych bunék) overexpression of its protein product.

oY =

Pbs21 (plasmodium) + Shiva-1




Terapeutické protilatky

Aktivace plazminogenu na
plazmin, degradace fibrinu

Plasminogen

Plasmlnogen > Plasmin Plasminogen H____m*actlvator ' Plasmin =~

Antifibrin

antibody \ _
Blood clot /! \

- Fibrinogen ————® Fibrin =

Degradation Degradati'o.h . . i
products products A

Struktura imunoterapeutické trombolytické protilatky. Antifibrinova
protilatka (monoklonalni protilatka specificka pro fib rin, ktery se nachazi
v krevni srazening) je vazana s aktivatorem plazminogenu (PA). Kdyz se
protilatka navaze na fibrin, PA vede k tvorbé a akumulaci plazminu v
blizkosti srazeniny. Plazmin (proteaza fibrinolyzin) pak degraduje krevni
srazeninu.



Some therapeutic monoclonal antibodies that have been approved for human
use in either the United States or European Union

Date of
approval

1986
1994
1997
1997
1998
1998
1998
1998
1998
2000
2001

Type of
antibody

Mouse
Chimeric
Chimeric
Humanized
Chimeric
Chimeric
Humanized
Humanized
Chimeric
Humanized
Humanized

2001 pending Humanized

Company

Ortho Biotech

Centocor

Genentech, Idec Pharmaceuticals
Protein Design Labs, Hoffmann-La Roche
Centocor, Schering-Plough

Novartis

Genentech

Medimmune

Hoffmann-La Roche

American Home Products, Celltech
Millennium Pharmaceuticals, Schering
Genentech, Novartis, Tanox

Therapeutic use

Prevention of acute kidney transplant rejection
Prevention of blood clots

Non-Hodgkin lymphoma

Prevention of acute kidney transplant rejection
Crohn disease and rheumatoid arthritis
Prevention of acute kidney transplant rejection
HER2-positive breast cancers

Respiratory syncytial virus infection in children
Non-Hodgkin lymphoma

Relapsed acute myeloid leukemia

Chronic lymphocytic leukemia
Asthma

In addition to the antibodies listed here, 11 have been approved for diagnostic purposes,
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Priklady schvalenych terapeutickych
monoklonalnich protilatek

; Brand Approval Indication
AHEDsdy name Compuny date e Target (Targeted disease)
inhibition of
Abciximab ReoPro  Eli Lilly 1994 chimeric glycoprotein Cardiovascular disease
1Ib/I11a
Adalimumab Humira Abbott Laboratories 2002 human mh_lbltu?n SENE Sf:veral amto-Immune
a signaling disorders
g Chronic lvmphocytic
Alemtuzumab Campath Genzyme 2001 humanized CD52 G
leukemia
e s : - : . IL-2Ra receptor L
Basiliximab Simulect Novartis 1998 chimeric CD25 Transplant rejection
inihibition of B- G
Belimumab Benlysta GlaxoSmithKline 2011 human cell activating Y -

erythematosus

factor

-omab = mysi; -ximab, -zumab = chimericka, humanizovaa; -umab = humanni

S50




Table 5.4 Some therapeutic monoclonal antibodies that have been approved for human use in either the United States or the
European Union

Approval date |Antibody Antibody type Therapeutic use

1986
1994
1997
1998
1998
1998
1998
1998
2000
2001

2002
2002
2003
2003
2003
2004
2004
2004
2006
2009
2010
2010
20M

2011

20M

2012

2013
2014
2014
2014
2014

2015

Muromomab
Abciximab
Daclizumab
Rituximab
Infliximab
Basiliximab
Palivizumab
Trastuzumab
Gemtuzumab
Alemtuzumab
Adalimumab
|britumomab
Efalzumab
Omalizumab
Tositumomab
Cetuximab
Natalizumab
Bevacizumab
Panitumumab
Ofatumumab
Denosumab
Denosumab
Belimumab
Ipilimumab
Brentuximab vedotin
Pertuzumab
Obinutuzumab
Pembrolizumab
Ramucirumab
Siltuximab
Blinatumomab

Dinutuximab

Orthoclone
ReoPro
Zenapax
Rituxan
Remicade
Simulect
Synagis
Herceptin
Mylotarg
Leukosite
Humira
Zevalin
Raptiva
Xolair
Bexxar
Erbitux
Tysabri
Avastin
Vectibix
Azerra
Proliga
Xgeva
Benlysta
Yervoy
Adcetris
Perjeta
Gazyvaro
Keytruda
Cyramza
Sylvant
Blincyto

Unituxin

Murine
Chimeric
Humanized
Chimeric
Chimeric
Chimeric
Humanized
Humanized
Humanized
Humanized
Human
Chimeric
Humanized
Humanized
Murine + iodine-131
Chimeric
Humanized
Humanized
Human
Human
Human
Human
Human
Human
Chimeric
Humanized
Hunanized
Humanized
Human
Chimeric
Bispecific/Humanized

Chimeric

Prevention of acute kidney transplant rejection
Prevention of blood clots

Prevention of acute kidney transplant rejection
Treatment of non-Hodgkin lymphoma
Treatment of Crohn disease, psoriasis, rheumatoid arthritis
Preventation of transplantation rejection
Treatment of viral infections in children
Treatment of metastatic breast cancer
Treatment of acute myeloid leukemia
Treatment of chronic lymphocytic leukemia
Treatment of rheumatoid arthritis

Treatment of non-Hodgkin lymphoma
Treatment of severe plaque psoriasis
Treatment of severe persistent asthma
Treatment of non-Hodgkin lymphoma
Treatment of various cancers

Treatment of multiple sclerosis

Treatment of various cancers

Treatment of colorectal cancer

Treatment of chronic

Treatment of osteoporosis

Treatment of bone cancer

Treatment of systemic lupus erythematosus
Treatment of late stage melanoma

Treatment of Hodgkin lymphoma

Treatment of HER2-positive metastatic breast cancer
Treatment of chronic lymphoid leukemia
Treatment of late stage melanoma

Treatment of solid tumors

Treatment of various cancers

Treatment of Philadelphia chromosome-negative relapsed
or refractory B-cell precursor acute lymphaoblastic leukemia

Treatment of high-risk pediatric neuroblastoma

In addition to the monoclonal antibodies listed here, a number of monoclonal antibodies have been approved for diagnostic and imaging purposes. 3 9



Toxiny pouzivané pro @ripravi imunotoxin a

: Diphtheria toxin
Pseudomonas exotoxin

PE DT

B = vazebna doména; T = translok&i doména; A = doména s aktivitou
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Etapy vyvoje imunotoxini

1. generace: toxin ffipojen chemicky

(a) jL.jL disulfidickymi vazbami

DT-MoAb Ricin-MoAb PE-MoAb . ,
2. Generace: toxiny zbaveny domeény pro
(b) .s_s l .?i vazbu na normalni endotelialni buiky

3. Generace: Rekombinantni imunotoxiny.

W Sckv.
D“ Vzhledem k aktivité toxinu na
eukaryotické bunky musi byt

pripravovany v bakteriich (E. coli)

" ool
e

DT-ITs PE38 ITs

® DT CRM with
reduced receptor
binding . . ,

CRM (cross-reacting material) — mutantni

forma DT s nizkou afinitou k receptoram —

vazbu k cilové buice zaji&’uje protilatka 41



Generace imunotoxin u

N, N 35

Firstgeneration Second generation Third generation
Legend:
N\ \ .*IE -
Variable fragment Variable fragment Hypothetical toxin which composed Reducible or non-reducible
of antibody light chain of antibody heavy chain of binding (B), translocation (T) and chemical linker

catalytic (C) domains
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Endocytoza imunotoxinu a jeho misobeni na nadorové biiky

Plasma memrane

P

lasma msmbrang

Endocyiic
compartment

ADP-r-EF2 r_’/__fp
Cell deaih

N

S.&?.
Q o»

&
?
T Y
.
LY
Nucleus
i
I‘I‘_.-\"

aeylasis

~

g
O
Antibody Fy

= Surface tanget

. DT A chain

. DT ranslocation
cdharmaain

PE3E ranslocalion
damain

i
I

. PEZR actvity domain

\

H{ Pastan 1. et al. 2007.

LY Annu, Rev, Med, 58:221-37

Rekombinantni imunotoxin se vaze na antigeny na poviw nadorové buiky, endocytézou
se dostava dovnik, kde toxin zasahne zivot# dilezité funkce.
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Pathways of binding, internalization, and processing bymmunotoxins leading to the killing of target cells. Shavn are
ricin-, Pseudomonas- and diphtheria-based immunotoxins. Immunotoxins bind he target antigen, are internalized via
clathrin-coated pits, and are processed within endosonh@ompartments. Ricin and Pseudomonas toxin derivatives
must traffic through the endoplasmic reticulum to the cytasol where they enzymatically inactivate protein synthesi
Pseudomonas exotoxin A ADP-ribosylates EF2, while ricin depurinatesribosomal RNA. Diphtheria-based toxins are
internalized to endosomes where the A chain of the toxirranslocates directly to the cytosol and ADP-ribosylates E2.
Cell death follows inhibition of protein synthesis. dgA deglycosylated ricin A chain; EF2: elongation factor2.

Ricin-based PE-based DT-based
immunotoxins immunotoxins immunotoxins

membrane

Target
receptors

~B ~m

o
Endoplasmic
reticulum
ADP ribosylation of
dgAreleased @ / elongation factor-2
\Q PE35 released
Ribosomal = Cell
depurination death
Inhibition / /
of protein
synthesis
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Abzymy — monoklonalni protilatky s katalytickou aktivi tou

Abzym (odvozeno z antibody a enzyme) nazyvany také jakmatmab
(catalytic monoclonal antibody) je monoklonalni protlatka vyznacujici
se katalytickou aktivitou. Abzymy jsou uméle vytvarené konstrukty,
nachazeji se ale také firozené napr. u ¢lovéka (anti-vasoactive
intestinal peptide autoantibodies), a u pacietit s autoimunitni nemoci
lupus erythematosus, u nichz mohou vazat a hydrolyzovddNA.
Abzymy jsou potencialni nastroje pro biotechnologie, nap. Pro
specifické reakce u DNA.

Enzymy funguiji tak, ze snizuji aktiva¢ni energii transi¢niho stavu
interagujicich latek, ¢imz katalyzuji vytvareni jinak méné-vyhodnych
molekularnich intermediata mezi reaktanty a produkty. Pokud se
pripravi protilatka v u¢i néjake stabilni molekule, ktera se podoba
nestabilnimu intermediatu néjake jiné (pripadné nepiibuzné) reakce,
bude se tato protilatka (abzym) enzymaticky vazat a stalizovat
intermediatovy stav a tim katalyzovat reakci.

Molekuly, které jsou modifikovany tak, aby se vyzna&ovaly novymi katalytickymi aktivitami

se nazyvaji SynZymy. 45



Abzym (Ab-enzym)

Energy

QH..O_

R

R
TRANSITION STATE

H

Hydrolyza esteru

ESTER

H\ ///0

i
0

+ WATER

Reaction course

catmab (catalytic
monoclonal antibody)

Fosfonatovy
ester

\
R

TRANSITION-STATE

ANALOG

Snizeni aktiva éni
energie enzymem nebo
abzymem

ACID + ALCOHOL

v
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Priprava protilatky s enzymovou aktivitou

(abzymu)

TRANSITION
STATE ANALOG
(TSA)

(1

CARRIER
PROTEIN

)
@

S, o —

=

MONCLONAL
ANTIBODY
METHOD

MYELOMA =

CELLS

@
HYBRIDOMAS

,l
:
y N
- A
i \

1

Konjugace analogu
k nosiCovému proteinu

B
A

L
Qxlsi\f
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P RT
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Princip Antibody-Directed Abzyme Prodrug Therapy Antibo dy-
Directed Abzyme Prodrug Therapy (ADEPT)

ADEPT

Piotective

Prodrug

Enzvme

Antibody

Antigen

Tumour cells

Protilatka (abzym) dopravi enzym k receptoiim na nadorovych buikach, kde enzym
konvertuje netoxicky prekurzor (prodrug) na latku, k tera a¢inné nadoroveé buiky
usmrcuje. Tim je omezen toxicky dinek na normalni burky.

The use of abzymes at industrial scale for specific synthssof molecules is still at the
laboratory step, even if some firms like Novartis (Switzeland) or Bristol-Myer Squibb
(USA) have shown their interest for using the aldolase abzye, produced in the Lerner's

group, for synthesis of Epothilone A, a new anti-cancer@mpound. 48



Struktura abzymu pro destrukci nadorovych bun ek
Vazba na
nadorovou Pfeména
burku '\:\ prekurzoru
na aktivni

lécivo

-

Oblast s enzymovou
Oblast protilatky ™~ y

aktivitou

Aplikace: abzym je injikovan do pacienta, kde se svourptilatkovou
oblasti vaze na nadoroveé bitky. Nasledrg je do krevniho ireciSté vpraven
prekurzor Ié éiva, ktery je enzymovou aktivitou abzymu konvertovanna
aktivni lé¢ivo. To pusobi jen na nadorovou buiku, na niz je abzym
navazan. Tim jsou selektivi destruovany jen nadorové buiky a nikoliv

normalni bunky, na néz se abzym nevaze.
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Antibody-Directed Abzyme Prodrug Therapy (ADEPT) — enzynova
aktivita abzymu aktivuje prekurzor lé ¢ivé latky a tu pak dopravuji do
blizkosti nadorové buiky

] Dl"ﬂ g.lle ]
cytotoxique "Prodrogue"

Marqueurs (antigénes)
spécifiques
de la cellule tumorale
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Potencialni l[&ba AIDS pomoci abzymu
Byl pripraven abzym degradujici vazebnou oblast proteinu g0 viru
HIV. Tato oblast je jedina ¢ast viru HIV, ktera se u jednotlivych kmenua
nemeéni, neba’ je nezbytna pro vazbu viru na T- lymfocyty.

Abzym puasobi opakovar€, po inaktivaci jedné virove ¢astice destruuje
dalSi (mize znkit az tisice viri)
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Abzym hydrolyzujici kokain

(imunofarmakoterapie)

Je urcen k lécbé pfi pfedavkovani kokainem nebo pro IéCbu zavislosti

Kokain je mala molekula, vudi niz lidské télo nevytvafi protilatky. Pro
vytvoreni protilatky vazajici kokain byl metabolit kokainu (nor-kokain)
konjugovan k netoxické podjednotce cholerového toxinu (podjednotka
B). Tento komplex je schopny navodit v téle silnou imunitni odpovéd,
ktera vede k rychlé tvorbé vysokého mnozstvi protilatek. Pfi aplikaci této
protilatky do krevniho recisté pak rychle dochazi k jeji vazbé na kokain
a jeho neutralizaci, takze se nedostava do CNS.

Podobné protilatky proti heroinu, nikotinu atp.
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Another example of medical application concerns antibodies that specifically
hydrolyze cocaine. A commercialization agreement between Columbia University and
Ixsys Inc. could allow to use abzymes for treating cocaine overdose and addiction.

Cocaine abuse remains a major public health problemitdéesngoing research aimed at developing
therapies to counter its harmful effects. Immunophawotiarapy is one proposed therapy which
would block cocaine in the blood stream before it reachegémtral nervous system. Cocaine-
binding antibodies seem likely candidates for soaking wjgslin the blood stream, but their only
binding abilities are not sufficient to withstand higbhncentrations of the drug. What is needed is a
monoclonal antibody with high binding characteristics anfficient catalytic ability to metabolize
cocaine. The Wilson and Janda groups at The Scripps Réskestitute are hopeful that they have
found these properties in 7A1, a catalytic monoclonébady that has the ability to regenerate
after each new dose of the drug. Aided by x-ray crystadpby, their research has revealed for the
first time the complete reaction cycle of a 7A1 Fab' amidppinding fragment. The high resolution
crystal structures revealed the conformational changesotttur during the antibody's complete
catalytic cycle and provided a molecular basis for catalyUnderstanding these significant
structural changes of the antibody is a promising ste@atds/the development of a treatment for
cocaine addiction.

To create a vaccine, the body has to be convincedrtergte antibodies against cocaine when it circulates
through the bloodstream. Because cocaine is a small omleldaumans do not naturally generate these
antibodies. Researchers have had success in genexatargibody response by conjugating a minor
metabolite of cocaine (nor-cocaine) to a non-toxiousutoof cholera toxin (subunit B) - which is the

protein secreted from the cholera bacteria. Once ibdlgly, this compound is able to generate a very
powerful immune response that causes the body to cretib®dies quickly and in high levels.

Vaccination therefore results in the production of IgGlaodies against cocaine that can rapidly neutrgl})ze
cocaine as it enters the bloodstream.



Potencialni l[&ba AIDS pomoci abzymu
Byl pripraven abzym degradujici vazebnou oblast proteinu g0 viru
HIV. Tato oblast je jedina ¢ast viru HIV, ktera se u jednotlivych kmenua
nemeéni, neba’ je nezbytna pro vazbu viru na T- lymfocyty.

Abzym puasobi opakovar€, po inaktivaci jedné virove ¢astice destruuje
dalSi (mize znkit az tisice viri)
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Geneticka imunizace - DNA vakciny

Gen kodujici antigen je vnesen do bunék zvifete, v nichz je pak tento antigen
produkovan a zvire vytvari protilatky.

Prenos DNA:

biolisticka metoda: rekombinantni plazmid (E. coli) nesouci gen pro antigen
pod kontrolou virového promotoru je vhesen napf. do boltce mysSi

injekce velkych mnozstvi DNA (100 mg rek. plazmidu) pfimo do svalu zvifat —
ucinnost prenosu az 70%
elektroporace

Vyhody:

Nehrozi reverze: neni pouzit zivy nebo oslabeny patogen

antigen je spravné posttranslacné upraven a neni tfeba jej purifikovat

na jednom plazmidu mohou byt v jednom kroku pfeneseny geny pro vice antigent(
Snadné skladovani, stabilita DNA

Nevyhoda:

neznalost osudu prenesené DNA v burikach, zac¢lenéni do genomu hostitele a
preruSeni genu — proto je vyhodnéjSi transientni exprese (extrachromozomalni stav)

Priklady virovych antigent: chfipka, HIV, bovinni HV, vzteklina, HBV, rotavirus,
slintavka a kulhavka, aj.

Bakterialni antigeny: Clostridium tetani, Mycobacterium tuberculosis,



Navazani plazmidové DNA na kationty povrchu polymerovy ch mikro €astic

Plasmid DNA

Plazmidova DNA je navazana na biodegradovatelné mikro¢astice polymert (0,3-
1,5 um), z nichz se postupné uvolnuje (1. den 35%, 14. den 75%). Pribézné
dochazi k expresi antigenu — U€innost je vySSi nez pri injekci volné DNA, staci
zhruba 250x mené DNA).
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Aptamery

= sekvence nukleovych kyselin (RNA nebo DNA) o délc e 10-50

nts, které se siln & vazou k n ékterym oblastem protein Q,
aminokyselinam, Ié ¢ivim a jinym molekulam. Vyzna ¢&uji se
vysoce organizovanou sekundarni nebo terciarni strukturou.

Vazou se na cilové molekuly, €imz je inhibuji, a nebo mohou
doru €ovat r izné inhibitory k cilovym bu Akam.

Dosahuji stejné specificity vazby k cilovym molekulam jako
terapeutické protilatky, ale na rozdil od nich nejsou
Imunogenni a snadn éji se p Fipravuiji.
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Metoda SELEX

(systematic evolution of ligands by experimental enrichm ent)
A
5' region Random nucleotide sequence 3' region

DNA

l Transcription

!

Folded RNA aptamers with =57
5'and 3' flanking regions

Target molecules
Aptamer-target complex

l Rescreen selected

aptamers against

Dissociate target molecules to

aptamer-target find high-affinity
complex aptamers

Reverse transcribe Amplify aptamer
selected aptamers ¢DNAs by PCR




Vazba nékterych aptamer G na povrch cilové molekuly
(ostatni se nevazou)
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0 w

Priklady protein , vi€i nimz byly aptamery p Fipraveny a sila jejich vazby

Keratinocyte growth factor 0.0003 HIV gp120

HIV-1 reverse transcriptase 0.02 Tenascin C 5.0
Transforming growth factor p1 0.03 Bovine prion protein 6.8
P-selectin 0.04 Integrin 8.0
VEGF receptor 0.05 Hepatitis C virus NS3 protease 10.0
Platelet-derived growth factor 0.09 HIV-1 integrase 10.0
Immunoglobulin E 0.1 Cytotoxic T-lymphocyte-associated 10.0
Mucin 1 0.135 protein 4

Extracellular signal-regulated kinase 02 NS3 protease 10.0
Fibroblast growth factor 2, basic 0.35 Factor Vlla 11.0
CD4 antigen 0.5 E2F transcription factor 15.0
HIV-1 RNase H 0.5 Yersinia pestis tyrosine phosphatase 18.0
Factor IXa 0.58 Protein tyrosine phosphatase 18.0
Angiogenin 0.7 Anti-insulin receptor antibody MA20 30.0
Complement factor 5 1.0 Epidermal growth factor receptor 33.0
Transforming growth factor B2 1.0 variant Il

Nuclear factor kB 1.0 Ghrelin 35.0
Neurotensin 1 15 Receptor tyrosine kinase RETC634Y 35.0
Secretory phospholipase A2 20 Substance P 40.0
Thrombin 2.0 Respiratory syncytial virus 40.0
Acetylcholine receptor 2.0 HER3 45.0
avB3 integrin 2.0 Gonadotropin-releasing hormone 1 50.0
Prostate-specific membrane antigen 2.1 Acetylcholine-specific auto-antibodies 60.0
Angiopoietin 2 22 Nociceptin 110.0
vy-interferon 2.7 Activated protein C 110.0
L-selectin 3.0 Cytohesion 2 115.0
Calcitonin gene-related peptide 3.0 Trypanasoma cruzi cell adhesion 172
Amylin 3.0 receptor

U1A 4.5 Staphylococcus entertoxin B 420.0
Human neutrophil elastase 5.0 Lymphocyte function-associated 500.0
Cytohesion 1 5.0 antigen 1
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Proteinové inzenyrstvi

Navrhovani, vyvijeni a pfiprava proteind s vylepSenymi charakteristikami (pozménéné
nebo zcela nové proteiny)

A. Vyuziti mutageneze in vitro pro zameénu klicovych aminokyselin

(bodové mutace)
e zvySeni termostability proteind (lysozym aj)
e rezistence proteinl k oxidativnimu stresu
e zvySeni bioaktivity protein(

druha generace farmak s vylepSenou farmakokinetikou, strukturou, stabilitou
a biologickou dostupnosti

(inzulin — zvySeni schopnosti absorpce, tkanovy plazminogenovy aktivatoru — zvyseni
poloCasu obéhu)

Priklad: Subtilizin — hydrolyza proteinu, napf. v detergentech

prakticky kazda vlastnost této serinové proteazy byla pozménéna/optimalizovana:
« rychlost katalyzy,

e substratova specifita,

e tolerance k pH,

« tolerance k oxidacnim latkam,

« termostabilita.

« zvySena stabilita v org. rozpoustédlech (zména konformace proteinu) 61



B. Makromodifikace proteinu

Cést genu se eliminuje vysté&penim restrikéniho fragmentu nebo nahradi
chemickou syntézou €asti genu.

Klenow(lv fragment DNA polymerazy, ktery postrada 3°-5" exonukleazovou aktivitu.
Pridani aminokyselin = stabilizace cizich proteint v E. coli.

Zvyseni afinity proteinu k iontm kovl vlozenim sekvence His-X3-His
do alfa-helixu — zvySeni rezistence k denaturaci.

Jeden gen je fuzovan s druhym za vzniku kompletné nového proteinu. Varianty
protilatek — jednoretézcové protilatky (SCA — single chain antibodies) jsou umélé
protilatky sloZzené z vazebnych oblasti téZkého a lehkého fetézce, které jsou spojeny
chemicky a vytvareny v mikroorganismech pomoci expresnich vektor(.

Priprava purifikovanych imunogennich slozek v prokaryotickych nebo
eukaryotickych systémech (vakcina proti hepatitidé B ve kvasinkach, vakcina proti
Salmonella typhimurium — oslabeni kmene vhesenim mutace do genomu)

Nepatogenni mikroorganismy pouzité jako vektory pro expresi cizich genu
zodpovédnych za imunogenicitu (rekombinantni vakciny, které stabilné exprimuji
cizi geny: u Vibrio cholerae byl pfipraven kmen s deleci v genu pro cholerovy toxin —
mutace byla vnesena rekombinaci do standardniho kmene. Vysledny kmen
produkoval imunogenni, avSak netoxicky ,toxin“ (netoxickou B podjednotku toxinu).

viry jako vektory pro expresi imunologicky aktivnich proteinu (virus vakcinie —

rekombinantni vakciny proti vztekling)
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Genetickou Upravou lze pripravit bakterii, ktera by produkovala
modré barvivo pouzivané na dzinovinu. Vyroba barviva by byla
rocné produkuje asi

16 000 tun tohoto barviva.

Podle evropske legislativy budou muset byt takove dziny na
viditeIném misté oznacCeny napisem: "Vyrobeno z geneticky
modifikovanych organismu".
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