Molekularni biotechnologie €.12. OCkovaci latky

Vyuziti poznatkt molekularni biotechnologie - pokraCovani



Vyuziti molekularni biotechnologie — v mnoha oblastech

Molekularni diagnostika

Bioremediace a vyuziti biomasy

Vyuziti Skrobu a sacharidu, utilizace celulézy
Mikrobialni insekticidy

Baktérie stimulujici rast rostlin

Vakciny a terapeutické proteiny.

Priprava a vyuziti transgennich rostlin. Nové potraviny.
Priprava a vyuziti transgennich zvirat.

Genova terapie lidskych somatickych bunek.



Vakciny, oCkovaci latky

« Ockovani vede k ochrané pfed patogeny tim, ze si
organismus vytvofi imunologickou odolnost vuéi infekci

* V oCckovanem organismu se indukuje tvorba protilatek,
které zabrani proliferaci agens a vzniku choroby

* Ockovaci latky byvaji bud inaktivované nebo ateunované
infekCni agens (baktérie, viry) s nezménénou schopnosti
iIndukovat tvorbu protilatek



Prekazky pri klasicke priprave ockovacich latek

Ne vSechny patogenni organismy mohou byt kultivovany in vitro
nebo v dostatecné velkych objemech tak, aby mohly byt pouzity pro
pripravu oCkovacich latek.

Pfi kultivaci patogennich organismu ve velkém je tfeba dodrZovat
velmi prisna bezpecnosti pravidla.

Atenuované (oslabené) kmeny mohou revertovat na infekCni formy
Inaktivace muaze byt neuplna.

Zivotnost vakcin ¢asto zavisi na zplsobu uchovavani (zmrazovani),
to komplikuje jejich pouziti napr. v tropech.

Kultivace na tkanovych kulturach (u vir) byvaji drahé.

Proti vSem chorobam ocCkovaci latky nemame a navic vznikaji
choroby nove.



Nove strategie pri priprave oCkovacich latek

* Vyuzivaji technologie rekombinantni DNA.

« Tab. Prehled lidskych patogennich agens , proti nimz
jsou k dispozici rekombinantni vakciny



Rekombinantni vakciny

Table 9.1 Human disease agents for which recombinant vaccines may be
available by the year 2000

Pathogenic agent

Viruses

Herpes simplex type
Influenza A and B
apanese encephalitis

ainfluenza

spiratory syncyti

n immunodeficiency (HIV)

Bacteria

1€

enterotoxin strains

rrhoeae

la strains

iococcus Group A

Diseas

Major clinical features

Chickenpox: mild internal and exter
lesions
Infection in infants and immunocom-

promised patients
Hemorrhagic fever
High fever, liver damage, low fatality
Long-term liver damage, high fatality
Genital ulcers
Acute respiratory disease
Encephalitis
Inflammation of the upper respiratory

tract

Encephalitis

Upper and lower respiratory tract lesions
Acute infantile gastroenteritis

ions of heart, kidney, and liver

Acquired immunodeficiency syndrome
(AIDS)

Cholera

Diarrheal discase
Gonorrhea: sexually transmitted discase
Meni
Leprosy: loss of perip

ic conditio
‘ral nerve sensa

tis and sept

tion and ¢
Meni
Who
Dysentery
Scarlet fever, rheumatic fever, throat
infectior

shigurement
itis: brain and spinal fluid infection

ving cough

Sepsis, urogenital tract infection

Pneumonia,

Tetanus: muscle spasms of jaw and nec
Tuberculosis
Typhoid fever

River blindness

Internal and external lesions
Malaria

Schistosomiasis: dysentery and liver

damage

Sleeping sickness
Filariasis: inflammation of lymph vessels
1d glands




Rozlisujeme

Subjednotkoveé vakciny

Peptidove vakciny

Zivé rekombinantni vakciny

Zivé rekombinantni vektorové vakciny
Atenuovane vakciny

Antiidiopové vakciny



Priprava virovych subjednotkovych vakcin

Geny, které koduji antigenni determinanty patogennich
virt jsou klonovany do expresnich vektoru

A exprimovany v bakterialnich bunkach (E. coli, S.
cerevisiae)

Klonovany genovy produkt je purifikovan a pouzit pro
oCkovani.

Priklad: gen kodujici obalkovy glykoprotein D virusu
herpes simplex. Gen byl upraven tak, aby se syntetizoval

protein bez transmembranové domény a byl
transportovany do rustového média. Obr.

Subjednotkova vakcina byla pfipravena také vudi
kulhavce a slintavce



Priklad

» Gen kodujici obalkovy glykoprotein D
virusu herpes simplex.

* Gen byl upraven tak, aby se syntetizoval
protein bez transmembranove domeny a

byl transportovany do rustoveho média.
Obr.



Schéma zZivocCiSného viru

Figure 9.1 Schematic representation of an animal virus. Viruses generally
consist of a relatively small nucleic acid genome (3 to 200 kb of either double- or
single-stranded DNA or RNA) within a viral protein capsid that is sometimes,
depending on the virus, surrounded by a protein-containing viral envelope

(membrane).
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Lokalizace glykoproteinu

A Figure 9.2 Location in the

cytoplasmic membrane of the herpes
NH,; g e ;
% simplex virus (HSV) type 1
glycoprotein D (gD) with the
_~HSV glycoprotein D transmembrane domain (A). (B)
Vg Extracellular location of a soluble gD
without the transmembrane domain,
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Subjednotkova vakcina

* byla pfipravena také vuci kulhavce a
slintavce



Peptidove virove vakciny

» Klonujeme-li hlavni antigenni determinantu
(jen cast genu) ziskame peptidovou
vakcinu

* Vyuziva se poznatku, ze pouze ty casti
proteinu, ktere jsou lokalizovany na

povrchu virusu a které jsou dostupneée
protilatce jsou imunologicky vyznamné.



Obalkovy protein s 6 epitopy

Figure 9.3 Generalized envelope-
bound protein with external epitopes
(1 to 5) that might elicit an Immune
response.
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Peptidové vakciny lze pripravit také
chemickou cestou

» peptid VP1 obsahujici AK 141-160 virusu,
Obr.

» Priklad: peptidova vakcina vuci virusu
slintavky.



Struktura peptidové vakciny
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Peptidova vakcina

* byla pripravena i jako fuzni protein (DNA
kodujici peptid byla fuzovana s DNA
kodujici povrchovy protein virusu
hepatitidy B — fuzni protein byl vysoce
iImunogenni a vytvarel Castice 27 nm)



Nevyhody subjednotkovych a peptidovych vakcin

« Jediny epitop nemusi byt dostateCne imunogenni

* Peptid musi byt ve stejné konfiguraci jako epitop intaktni
virove castice



Zivé rekombinantni vakciny - atenuované

Imunologicky aktivni, neinfekCni agens lze
pripravit deleci genu kodujicich virulentni
faktory.

Obsahuje-li organismus tuto deleci,
nemuze revertovat na infekéni formu.

Byvaji ucinnejsi nez subjednotkove
vakciny.
Vakciny lze podavat per oralne



Atenuovana vakcina vuci Vibrio
cholerae

» deletovana byla cast DNA kodujici protein
A1 (enterotoxin).Obr.



Delece genu kodujiciho toxin




Atenuovana vakcina vuci baktériim
rodu Salmonella

» puvodce 85% vSech alimentarnich infekci.

 Kmen nese delece 2 genu, coz vyrazné
snizuje pravdepodobnost reverze (gen aro
pro biosyntézu aromatickych sloucenin,
gen pur pro metabolismus purinu).

* Virulence kmene s delecemi je milionkrat
nizSi nez virulence puvodniho kmene.



Zivé rekombinantni vakciny — vektorové vidéi
virovym infekcim

« Jedna se o nepatogenni virus s v€lenénou antigenni
determinantou (genem) patogenniho viru.

* Vyhoda: patogenni viroveé Castice nejsou v ockovaci
latce vUbec pritomny

* Vektorove vakciny nesou napf. nasledujici antigeny: G
protein virusu vztekliny, povrchovy antigen viru hepatitidy
B, Sinbisova virusu, NP a HA proteiny chripkoveho
virusu, N a G protein virusu vesikularni stomatitidy,
glykoproteiny virusu herpes simplex.



Integrace genu kodujiciho virovy
antigen do vektoru

Figure 9.6 Method for the A
integration into vaccinia virus of a
gene whose protein product, generally
a viral antigen, elicits an immuno

.Plasmid

logical response. A. Structure of a

plasmid carrying a cloned expressible
antigen gene. B. A double cross-over
*vent results in the integration of the
antigen gene into vaccinia virus DNA

Cloned antigen gene

Vaccinia virus Vaccinia Vaccinia virus
thymidine kinase  virus thymidine kinase
DNA promaoter DNA

~Plasmid

Vaccinia

virus DNA Cloned

Vaccinia virus Vaccinia virus
promoter DNA



Zivé rekombinantni vakciny — vektorové vidéi
bakterialnim infekcim

* Jedna se o0 nepatogenni organismus s
vCleneénou antigenni determinantou
(genem) patogenni bakteérie.

* VVyhoda: patogenni castice nejsou v
oCkovaci latce vubec pritomny.



Pouzivaji se biCikate nepatogenni
bakterie

BiCiky jsou imunogenni

jsou tvoreny proteinem flagelinem

biCik nepatogenni baktérie muze nést az 3
ruzné epitopy patogennich baktérii

Tak Ize pripravit multivalentni bakterialni
vakcinu.

Tato strategie byla pouzita pri priprave oCkovaci
latky vuci Vibrio cholerae a Mycobacterium
tuberculosis.



ProC vakciny vuci bakterialnim infekcim

Ne vSechny bakterialni nfekce se daji |éCit ATB

Rozsahlé pouzivani ATB vedlo k rozsireni bakterialnich
kmenu rezistentnich na ATB

ATB nemusi byt pacient vyléCen uplne
S ATB se hufe manipuluje v tropech.



Anti-idiotypové vakciny

Jedna se o0 neobvyklé biochemicke ,mimikry”
Anti-idiotypové vakciny: Protilatky pfipravené vudi jinym
protilatkam mohou vykazovat imunologické vlastnosti
puvodniho antigenu tj. napodobuji specificky antigen.
Lze je pouzit tehdy, kdyz

Se antigenni material nesnadno ziskava

je cilova molekula (organismus) slabé imunogenni

Je velmi nebezpecné nebo obtizné patogenni
organismus kultivovat

Kdyz antigen neni protein.



Anti-idiotypove protilatky

 byly jako vakciny pfipraveny vuci puvodci
spave nemoci mysi (Trypanosoma
rhodesience) a vuci puvodci kokcidiozy u
kurat (Eimerea tenella).



Vakcinace pomoci DNA — geneticka imunizace

» predstavuje novou strategii pouziti vakcin

* Klonovany gen (DNA) kodujici antigen je
vhesen do bunek organismu (zvire,
Clovek)

« U mysi se ve vice nez 75% pripadu gen
inkorporoval do chromosomalni DNA. Poté

dochazelo k syntéze proteinu (antigenu),
ktery aktivoval tvorbu protilatek.



Genetickou imunizaci

* |ze obejit Casove a ekonomicky narocnou
proceduru purifikace antigenu Ci
konstrukce jiného typu vakciny.

* Postup byl overovan pri ziskavani
protilatek vudi virusu hepatitidy B, rabies
virusu, ruznym patogennim baktériim a
parazitum.

* Obr. Vyhody genetické imunizace,
prezivani mysi, castice s navazanou DNA



Plasmid

i CD4 Exotoxin Exotoxin
promoter domain domain 11 domain 111
Ribosomal
binding
site

Figure 9.12 Genetic construction of a CD4-Psendomonas exotoxin A fusion
protein. The T7 promoter is from the E. coli bacteriophage T7.



Nukleove kyseliny jako

terapeuticka agens

Antisens RNA

Antisens oligonukleotidy

Ribozymy — pfirozeneé se vyskytujici katalytické RNA
molekuly (RNA metalloenzymy)

Deoxyribozymy (DNA s katalytickou aktivitou nebyla v
prirodé objevena, avsak Ize ji pripravit chemicky)

Aptamery — potencialni terapeutické agens, 15 az 40
nukleotidi dlouhé molekuly DNA nebo RNA, které se
pevneé vazou k cilovym molekulam

Interferujici RNA (iRNA) — pro ,gene silencing®



Table 11.3  Deleted genes and their function in the development of attenuated
strains of Salmonella spp.

Deleted gene
wlE

araA, aroC, or aroD
purA or purk

asd

phoP and ploQ

cya

crp

cit

dam

hirA

Gene function

Synthesis of lipopolysaccharide; decreases toxicity from
galactose

Synthesis of chorismate, an aromatic amino acid, and
PABA precursor. PABA is involved in the synthesis of iron
chelators.

Synthesis of purines

Peptidoglycan and lysine biosynthesis

Regulation of acid phosphatases and genes necessary for
survival in the microphage

Encodes adenylate cyclase, which is involved in cAMP
synthesis

Encodes cAMP receptor. Regulates expression of proteins
involved in transport and breakdown of carbchy . rates
and amino acids.

Involved in tissue colonization by the bacterium

Encodes DNA methylase. Appears to be a master switch
for 2040 different virulence genes.

Encodes a stress-induced polypeptide. Results in
significantly reduced persistence in human tissues.

cAMP, cvelic AMP; PABA, p-aminobenzoic acid.



Figure 11.8  Survival of DNA-immunized mice. Injected rice were immunized
with DNA that contained the influenza A virus nucleoprotein gene under the con-
trol of the Rous sarcoma virus promoter on an E. coli plasmid. The control mice were
injected with plasmid DNA oniv. The v axis represents the number of davs after the
animals were challenged with the live influenza virus.
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Figure 11.10 Schematic representation
of the binding of plasmid DNA to the
cationic surface of a polymeric micro-
particle.

Plasmid DNA




Table 11.2  Advantages of genetic immunization over conventional vaccines

s Cultivation of dangerous infectioys ageats is not required.

» Since genetic immunization does rot utilize any viral or bacterial strains, there
is ro chance that an attenuated strain will revert to virulence.

¢ Since no organisms are used, attenuated organisms that may cause disease in
young or immunocompromised animals will rot be a problem.

s Approach is independent of whether the microorganism is difficult to grow or
attenuate.

* Production is inexpensive because protein does rot need to be produced or
purified.

* Storage is inexpensive because of the stability of DNA.

¢ One plasmid could encode several antigens/vaccines, or several plasmids
could be mixed together and administered at the same time.
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