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Primarni metabolity

slouEe.niny,\ které jsou nutné pri zakladnich procesech,
které udrzuji rostliny pri Zivoté

(stavba téla a metabolismus)
nukleové kyseliny
uhlohydraty
bilkoviny

lipidy



Sekundarni metabolity

+ rostlinami produkované slouceniny, které
nejsou nezbytné pro zdkladni Zivotni funkce

- jejich biosyntéza navazuje na primarni
metabolismus a jejich vyznam neni vZdy jasny
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Funkce sekundarnich metabolitu

1. ekologicka: chemicka ochrana proti mikrok)r'ganismfim
(baktericidni d¢inky, fungicidni dcinky)
chemicka ochrana proti Zivoéichim - repelentni efekt
(horka chut’, zapach, toxicita)

2. regulacni

3. odpadni = produkty detoxikaéniho metabolismu



Nékteré skupiny sekundarnich metabolitu

druh priblizny pocet
antibiotika 6 000
alkaloidy 10 000
flavonoidy 4 000
saponiny 600
monoterpeny 1 000
seskviterpeny 3 000

Harborne 1993



Vyuziti sekundarnich metabolitu

prumysl:
farmaceuticky _ antibiotika, cytostatika,
(25% léciv) kardiaka, diuretika

potravinarsky o
™= barviva a vonné latky

kosmeticky ~

zemedeélstvi —  insekticidy, herbicidy



Sekundarni metabolity v rostlinach

* Potravinarske doplnky — vanilin, kyselina rozmarynova, esencialni oleje
* Prirodni barviva — antokyany, betalainy
* Prirodni pesticidy — nikotin, rotenon, ryonidin

* Rostlinna IéCiva — terpeny, fenolické kyseliny, taxany, alkaloidy: vinblastine,
vincristine, kofein, nikotin, efedrin...

e Potravinové doplnky a kosmetika

* Ekonomicky vyznamné: analgetika — morfin, antitusiva — kodein,
antimalarika — artemisinin

* Vice nez 50 000 rostlin je vyuzivano k lékarskym ucéelim



Nevyhody ziskavani sekundarnich metabolitu

Z intaktnich rostlin

dbytek rostlin na prirodnich stanovistich

zdvislost obsahovych ldtek na vnéjsich podminkdch (klima,
minerdlni vyziva, ozdrenost, dostupnost vody) = kolisdni
obsahu a nebezpeci znecisténi

chemickou syntézou

casto obtizné a drahé
vysledkem chemickych syntéz = smés izomert

: !

snaha o biotechnologickou produkci



Vinca rosea, barvinek z Madagaskaru

vincristin a vinblastin kalusové linie Vinca rosea
antikancerogeny variabilita mezi liniemi



Vyuziti tkdanovych a bunécnych kultur
pro produkci sekundarnich metabolitu

mnozZeni rostlin - nahrazuje dbytek z pFirodnich lokalit

produkce sekundarnich metabolitlu /n vitro

kalusy

bunécné suspenze
kultury orgdnd

Vyhody 1. Fizené prostredi bez klimatickych vlivt
2. absence mikroorganismi a skadcd
3. moznost selekce produktivnich linii
4. automatizace (bioreaktory) - definovand kvalita,
pokles vyrobni ceny, kontinudlni produkce



Obecna metodologie biotechnologickych postupu
pro produkci SM  (ZENK 1978)

plané nebo péstované rostliny -
_— vyber
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iniciace kultury

vysoce produktivni rostliny

/
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stabilni produktivni klony <

primérni kalus

optimalizace kultury

optimdlni podminky "’<
zvétseni objemu

masova kultura v bioreaktorech el



Organove kultury

* hairy roots” kultury ziskané pomoci infekci bakterie Agrobacterium
rhizogenes

* Rostou bez rostlinnych hormonu a maji rychlost rustu podobnou bunéénym
suspenzim

* Jsou dobrymi producenty korenovych sekundarnich metabolitt

* Prytové kultury mohou produkovat sekundarni metabolity
syntetizované v nadzemnich castech rostlin, napr. esencialni oleje,
terpenoidy, alkaloidy apod.



Organove kultury

* Komercné zatim nejsou ,hairy roots” vyuzivany, pokusy v
laboratornim meéritku

 Uspé&3né jsou kultury adventivnich kofend, napf. Panax ginseng,
Echinacea purpuria, Hypericum perforatum (hypericin, hyperin,
qguercetin...)

* Kvuli slozitému rastu prytovych kultur jsou tyto zatim malo vyuzivany

a to hlavné pro slozité a obtizné syntetizovatelné a drahé slouceniny
nebo jako biologické matrixy pro expresi rekombinantnich proteinu

e Kokultivace ruznych in vitro kultur jednoho rost. druhu a kokultivace
ruznych rost. druhu se také testuji za ucelem zvyseni vytézku SM



Pouziti bioreaktord

zvysuje produktivitu a efektivitu i u mnoZeni rostlin

v jedné ddvce v bioreaktoru Ize vyprodukovat velké mnozstvi
sazenic

|ze skalovat velikost a poéet bioreaktoru
snadna manipulace kultur pri inokulaci a sklizni

e £ , bt . W * ~* , o
moznost snizeni poctu kultivaénich nadob a zmenseni prostoru
potrebnych ke kultivaci, ¢imz se snizuji celkové naklady

lepsi vyuzivani zivin diky neustdlému kontaktu celého povrchu
kultur s médiem a zvySovani tempa ristu

zvysovani rychlosti rustu i koneéného mnozstvi biomasy nucenym
provétrdavanim

pohyb kultury v bioreaktoru ma za nasledek potlaceni apikalni
dominance, ¢imz se stimuluje rdst mnohondsobnych prytu



Schéma bioreaktoru
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Laboratorni bioreaktor
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1] Inlet air

Balance scale

t Exhaust gas

Design of Bioreactors for Plant Cell and Organ Cultures
- z knihy Production of Biomass and Bioactive Compounds Using Bioreactor Technoloqgy



https://link.springer.com/book/10.1007/978-94-017-9223-3

Klasifikace bioreaktoru podle
agitaéni metody a konstrukce nadoby

bioreaktory s mechanickou agitaci
(mechanically agitated bioreactors)

bioreaktory s pneumatickou agitaci
(pneumatically agitated bioeractors)

bioreaktory bez agitace
(non-agitated bioreactors)



Bioreaktory s mechanickou agitaci

bioreaktory s mechanickym michdnim a
provzdusnovanim (stired tank bioreactors)

bioreaktory s aeraci a agitaci (aeration
agitation bioreactors)

bioreaktory s rotujicim bubnem (rotating
drum bioreactors)

bioreaktory s rotujicim filtrem (spin filter
bioreactors)



Bioreaktory pro rostliny in vitro

* Podle kultivacni nadoby a média:
e V tekutém médiu (liquid-phase)
* Mechanicky michané (STR — stirred tank reactor)

* Michané vzduchem (air agitated, airlift bioreactor)
* Michané recirkulaci média (convective flow reactor)

* V plynném médiu (gas-phase)
e Hybridni
e DocCasné zaplavované



Bioreaktory s pneumatickou agitaci

nemichané bublinové bioreaktory (unstirred bubble bioreactors)
neboli bioreaktory s agitaci provzdusnovanim (aeration-agitation
bioreactors)

bioreaktory s bublinovym sloupcem (bubble column bioreactors)
bioreaktory se "vzdusnym vytahem" (air-lift bioreactors)
kapalné disperzni bioreaktory (liquid dispersed bioreactors)
bioreaktory balonového typu (baloon type bioreactors)

bioreaktory docasné zaplavované (temporary imersion
bioreactors) nebo prilivové (ebb and flow)

bioreaktory s hydrodynamickym (gravitacnim, vinovym)
promichdvénim (wave bioreactors)
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davkovy reaktor
1 michdni
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kontinudini reaktor
1 michdni

2 privod vzduchu

3 odvod vzduchu

4 privod média

5 odvod produktu

14

bioreaktor
s bublinovym sloupcem

1 pfivod vzduchu
2 odvod vzduchu

Takayma 2006



Cinost
bioreaktoru '
RITA®

(Afreen, 2006
Vitropic, 2011)




Rozdily mezi mikrobialnimi a rostlinnymi
bunkami a pouziti bioreaktoru

Bhojwani, 1996

charakteristika

mikrobialni bunka

rostlinna bunka

velikost (delka pm) 2-10 50-100

c¢as pomnozeni 1h 2-6 dnu

vychozi material samgs_tatne LS Lzl shluky
mycelia

doba fermentace 2-10 dnu 2-3 tydny

spotreba kysliku

1-3 mmol g'h-1

10-100 mmol g'h-

citlivost na smyk

necitlive

citlive

obsah vody

priblizné 80%

>90%

regulacni mechanizmus

slozity

velmi slozity

geneticka stabilita

stabilni

muze byt variabilni

akumulace produktu

casto extracelularni

vetsinou intracelularni




Priamyslovy bioreaktor

/L / l v roce 2005 nejvétsi

AR L L automaticky provzdusnovany
'/{| bioreaktor pro péstovani

¥ rostlinnych bunék a organu

na sveté

A\

pracovni objem kazdého
tanku 20 000 | (20 tun)

celkovy objem 160 000 |
(160 tun)

Foto: Sung Ho Son
VitroSys Inc., Korea
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SM produkované bunéénymi nebo orgdnovymi kulturami

alkaloid

alkaloid

ajmalicin

berberin

antihypertensivum

Catharanthus roseus

zlepseni cirkulace v mozku

antimikrobialni

seskviterpen artemisinin antimalarikum

diterpen
alkaloid

alkaloid

glykosid

t+axol

codeine,
morphine

atropin
scopolamine

digoxin
digitoxin

cytostatikum

kardiotonikum

Coptis japonica

Artemisia annua

Taxus brevifolia

Papaver somniferum

Atropa bella-donna

Digitalis lanata



Struktura paclitaxelu (taxolu)
z Taxus brevifolia, T. baccata

|é€eni karcinomu vajeéniki a plic, prirodni zdroje omezené,
nelze syntetizovat chemicky - ma 10 stereocenter



Produkce paclitaxelu u stroma,
bunéénych a houbovych kultur

Materidl Specifickd biosynt. rychlost  Prum. obsah
(% susiny)
kira dosp. stromu
(100leté stromy) 4.70 x 10® mg/g/den 0.017
Taxus plantaz
(4leté stromy) 0.34 x 10-° mg/g/den 0.005
Taxus susp. kultura 640 x 10-3 mg/|/den 0.200

Taxomyces andreanae 400 x 10 mg/|/den -

Bunéénd kultura mdze produkovat paclitaxel rychleji
a mize tak byt cestou pro jeho produkei.



Nevyhody tkanovych a bunéénych kultur
pro produkci sekundarnich metabolitu

1. nizka produkce SM x vysoké ndaklady

2. absence SM v bunéénych kulturach (narozdil od
materskych rostlin nebyly SM u mnoha kalusovych a
bunéénych kultur zjistény. Produkce SM zadina az

pri tvorbé korenl nebo pryti éi pri embryogenezi =
nutnost diferenciace pletiv

4

produkce SM neni zatim (aZ na vyjimky)
komeréné dspésna



Duvody absence SM v bunéénych kulturdch

presun prekurzoru do primarniho metabolismu

suprese nebo redukce exprese kli¢ovych enzymi biosyntézy

nedostatek vhodnych skladovacich mist, jako sekreéni bunky,
dutiny nebo vaéky, latexova pletiva nebo zlaznaté trichomy,
které se vyskytuji pouze v diferencovanych pletivech



Produkce pigmentt

nékteré bunééné kultury akumuluji vysoké koncentrace
pigmentu

napr. kultura Lithospermum erythrorhizon produkuje
cerveny pigment sSikonin, pouzivany v kosmetice (barveni
rtének)

jiné bunééné kultury produkuji anthocyaniny, ¢ervené nebo
modré flavonoidy, které mohou byt pouzity jako prirodni
barviva pro potraviny



Rozdily v produkci anthokyanu
na svetle a ve tmeé

Kalusy Oxalis reclinata jsou pri kultivaci na svétle zluté, ale po prenosu
do tmy zacinaji produkovat cervené pigmenty anthocyaniny.



Zvyseni produkce SM v in vitro

* Zména kultivacnich podminek

* Elicitace

* Biokonverze

e \lybér bunécnych linii
 Kultivace diferenciovanych pletiv
* Transgenoze



Elicitace a fytoalexiny

fytoalexiny = sekunddrni metabolity - akumulace v rostlindch po
infekci mikroorganismy

maji antimikrobidlni aktivitu - funguji jako chemickd ochrana
rostlin

Slouéeniny podporujici tvorbu fytoalexintd byly nazvdny elicitory a
proces produkce fytoalexint elicitace.

elicitor
== rozpozndni elicitoru
=~ syntéza enzymu
= syntéza fytoalexinu

Akumulace fytoalexini miize byt indukovana rovnéz rliznymi stresovymi
faktory: UV- radiace, expozice chladu nebo horka, ethylen, fungicidy,
antibiotika, soli tézkych kovii, vysoka koncentrace soli.



Elicitace SM v kulturach in vitro

Elicitor Druh Produkt
Phytophthora Glycine max glycollin
megasperma

houbové homogendty

Ruta graveolens

akridon. expoxidy

Phytium Catharanthus roseus |ajmaciline
aphanidermatum catharanthin
Botrytis Papaver somniferum | sanguinarin
Colletotrichum

Verticillium

Altenaria




Biokonverze

Kultury rostlinnych bunék obsahuji enzymy, které mohou
katalyzovat velky pocet reakei.

Vyhodou aplikace rostlinnych enzymi pri biosyntéze je, Ze jsou
tak produkovany cisté stereochemicke latky

(a ne smési izomeru jako pri chemické syntéze).

Biokonverze = postup, pri kterém se pouzivaji bunééné kultury,
kterym se prida prekurzor a v prubéhu kultivace dojde k jeho
premeéné na zadany sekundarni metabolit.
= levnéjsi nez biosyntéza SM od poéatku



Biokonverze

Pridavani prekurzoru k suspenzim (feeding a precursor), ktery
je levny a dostupny muzZe zvysit vynos sekundarnich
metabolitu. Prekursor je zpracovdn stejnymi metabolickymi

drahami jako v intaktni rostliné.

Nékdy ale bunééné kultury méni prekurzor na nové slouceniny,

které se v rostliné nenachazeji.



Priklad biokonverze v bunécné kulture

koniferin je priddvdn jako substrdt k suspenzni kulture Podophyllum
hexandrum a je produkovdn podophyllotoxin

podophyllotoxin se pouziva k vyrobé protirakovinnych [éCiv



Biokonverze suspenzni kultury
Peganum harmala

substrat produkt
bornyl acetdt borneol

geranyl acetdt geraniol
menthyl acetdt menthol
a-pinen verbenol
citral geraniol
myrtenal myrtenol

Zhu et al. (2000)



Vliv hustoty suspenze na produkci

borneolu po priddni bornyl acetdtu
k suspenzi P. harmala

Vliv koncentrace substratu
na produkci geraniolu
k suspenzi P. harmala
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Vyuziti transgenoze pro tvorbu SM

pri produkci SM v korenech rostlin
indukce tvorby korinkd pomoci Agrobacterium rhizogenes

Nicotiana rustica, Datura stramonium

pro zvySeni produkce prytu - vndSeni genu /pt nebo pro auxiny
z Agrobacterium tumefaciens

Mentha



Protalix.com

DEVELOPMENT OF TRANSGENIC CELL LINES FOR PRODUCTION OF TARGET PROTEIN

Agrobacterium mediated cell transformation
using the natural capability of the agrobacteriato
transfer DNA fragment into a plant chromosome

te v 90

A plant Cutting Introducinginto culture medium designed
. & sterilizing . to induce callus development

@

Plant cell suspension
in liguid culture

‘explant’



Imobilizace bunek

upevnéni do inertniho materidlu

1. aktivni = enkapsulace = zavirdni do polymerd
(alginat, agar, polyakrylamid, Zelatina)

2. pasivni = vcestovdni a usazeni bunék na nosice
(polyuretan - molitan)

adsorpce
kovalentni vazby
zesit'ovani (crosslinking)



Biokatalyzatory Lentikats

. . o ’ o
enkapsulace nebo enfrapment mikroorganismu nebo volnych enzymu
v porovitém nosici

Uwn it porovita hmota

fyzikdlné a chemicky velmi stabilni s miksaorganismy v prech
materidl nosice (polyvinyl Ei_lkohcfl) Porchavislupks N\
Je navic biologicky nerozlozitelny a g
nevykazuje zddné vedlejsi Gcinky na
biochemicky proces

Vychozi susbstrat
prochazejici cotkou

Tl 200- 400 pm

pdorovitost materidlu poskytuje velky specificky povrch k zadrzeni vysoké
koncentrace aktivniho materidlu a jemnd slupka chrani imobilizovany biologicky
materidl pred nepfiznivymi vlivy vnéjsiho okoli (kolisani fyzikdlnich parametra,
chemické soky)

unikdtni Cockovity tvar nosice pak snizuje difdzni limitace na prenos substrdtu
do vsech mist matrice .

Imobilizaci nedochdzi ke snizeni aktivity aktivni biomasy.

http://www.lentikats.eu/page.php?id=7
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Abstract

Plants have always been a suitable source for the production of pharmaceuticals. However, the guality and quantity of active substances frem wild collected and
field grown plants is often fluctuating and heterogeneous depending on environmental conditions. Infestation, diseases and the application of pesticides addinonally
decrease the guality of the plant material. In vitro culture of plants can overcome these problems, since the environmental conditions that affect plant metabolism
can be strictly controlled. Thus, an advanced bioreactor system is a key step towards commercial production of secondary metabolites by plant biotechnology. In
Germany, research into applications of plant biotechnology has been concentrated on plant genomics and natural product synthesis, including the development of
modern biopharmaceuticals. Plant cell suspension and hairy root cultures are used as natural Obioactive substance factoriesO to produce plant-derived
compounds. Recombinant pharmaceutical proteins and vaccines are derived from ransgenic plants. BioPlama has developed a platform technology for the
cultivation of in vitro shoot and organ culture based on the temporary immersion system. It is adaptable 1o the special requirements of different plant tissue cultures,
such as shoots, roots and micro-tubers. Investigations on selected plant species demonstrate that the bicreactor technology allows the reproducible production of
active pharmaceutical ingredients of high quality under GMP-conditions and an efficient screening for new active components. This system is particularly suitable
for manipulating plant metabolism to generate active compounds with higher value than field plants.
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Company Overview

BioPlanta GmbH develops processes based on plant
bictechnology and engineering services for cleaning
water, soil, and sediments/sludge in Germany and
internationally. It engages in the research and
production of biclogically active plant ingredients and
alternative resources; produces test batches for
preclinical and clinical analysis; and optimizes the
biological activity of extracts. The company also
develops a technology based on in vitro cultivation,
breeding. and selection for the production of
functional plants. In addition, it designs plants for the
treatment of water from various sources, which is
contaminated in different ways; handles the
remediation of industrial sites, military and armamant
abandoned locations, soil, and sediment and sludgs;
and provides project management, site developmant
planning, landscape planning, and technical
supervision. The company was founded in 1992 and
is based in Leipzig, Germany. As of July 1, 2012,
BioPlanta GmbH operates as a subsidiary of VITA 34
AG.

Hide Detailed Description

Deutscher Platz 5 Phone:49 341 2 24 58

Key Executives For BioPlanta GmbH
Dr. André Gerth

Chief Executive Officer
54

Compensation as of Fiscal Year 2018.
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Leipzig, 04103 Fax: 4934122458
Germany M
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Recent advances towards development
and commercialization of plant cell
culture processes for the synthesis of
biomolecules

Sarah A. Wilson

Susan C. Roberts, Plant Biotechnology
Journal 2011

Secondary metabolites

Anthocyanins

Arbtin

Berberines

Belacyanins

Cartharmin

Echinacea polysacchandes

Geraniol

Ginseng

Paclitaxel

Padophyllotoxin

Rosmannic acid

Scopolamine

Shikonin

Helerologous proteins
Vaccines
HN protein of Newcastle

disease virus

Therapeutic proteins
Human glucocerebrosidase
(ULYPSO)

Euphorbia mili
Aralia cordata

Catharantfus roseus

Coplis japonica
Thalictrum minus

Befa vulgars

Carthamus tinclonius

Echinacea purpurea
Echinacea angushifolia
Gerarminea spp.

Fanax ginseng

Wild ginseng stem cells

Taus spp.

Fodophllurm spp.

Coleus Blumes

Duborsia spp.

Lithespermum erythrorhizon

lobacco suspension cullures

Carrot suspension cullures

Recombinant a-galactosidase-A  Carrol suspension cultures

(DD 1094
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Kibun Foods, Inc., Tokyo, Japan

Diversa, Ahrenshurg, Germany

Mitsui Chemicals, Inc.

Nillo Denko Corporalion, Osaka, Japan

Unkwa Biotech Corp., Jeonbuk, Korea

Phyton Biotach, Inc.

Genexol™ — Samyang Genex, Seoul,

South Korea

Mippon O, Tokyo, Japan

A Mattermann & Cie. GmbH,
Cologne, Germany

sumitomo Chemical Cao., Lid,,

lTokyo, Japan

Mitsui Chermicals, Inc.

Dow Agroboences

LLC, Indhanapalis, [N

Protalix Biotherapeutics®

Protalix Biotherapeutics®

lextile dyes

Colouring agents for fruit juces, wine and

other baverages

Pigment

Antiseplic

Anticancer

Antibiotic

Anti-inflammatory

Muost commonly used for bactenal diarrhoea
and intestinal parasite and eye infections

Red to red-wiclet pigment

Food colourant and dye

Red pigment

Food colourant and dye

Immunostimulant

Anti-inflammatory

Essential oil

Primary component of rose, palmarosa and
citronella oils

Dietary supgplemsant

Dietary supplemsant

Cosmelics

Anlicancer

FDA approved for the reatment of ovarian,
breast and lung cancers

Largesi application of commercial plant cell culture

Anticances

Starting compound for the anticancer agents
eloposide and teniposide (Chattopadhyay
el al, 2002)

Anti-nflammatory

Anticholinergicum

Antimuscarinic

Used in the treatment of motion sickness,
nausea and inlestinal cramping

Red pigment

Antibiotic

Vaccine for Newcastle disease in poultry
First FO& approved plant-derived vaccine
Currently not on market

Enzyme replacement therapy for Gaucher's disease
Licensed by Phizer, Inc.
Completed Phase Il chnical trial in Seplember 2009
Awaiting FDA approval

Potential Fabry disease treatment

Les_eaeesebiesie al_edonanloeernoest


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wilson,+Sarah+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Roberts,+Susan+C

Phyton Biotech

Global Leaders in Plant Cell
Fermentation |

Paclitaxel
Docetaxel
Plant Cell Fermentation (PCF®)

PCF® Process Development

OUR PRODUCTS

About Technology Platform

OUR SERVICES

Products & Services Latest News 3z

Phyton Biotech is the world's largest producer of paclitaxel and docetaxel via Plant Cell

Fermentation(PCF®) Technology. Our paclitaxel is made from 100% natural plant sources and is

GMO-free

LEARN MORE

What is PCF®?

Plant Cell Fermentation (PCF®) Technology promotes the natural
processes of plant cell growth and biosynthetic pathway
expression ex plantain a controlled and fully defined fermentation

environment:

* Non-GMO viable plant cell suspensions are used

» Starting material comes from cryopreserved cell bank

* Medium is fully defined, protein-free and does not contain
animal-derived components

s Process is operated in aerated stirred tanks with proven scale-
up technology

+ Fermentation product can be simply extracted or further
processed to concentrated active ingredient, such as for
production of paclitaxel

* Fully controlled or even GMP compliant environment



Zajimavé odkazy tkanové kultury (téma Mikropropagace):

http://www.tissuecultureaustralia.com.au/

https://www.duroilab.co.za/

_RO| HOME ABOUTUS BANAMNAPLANTS SUGARCANE PLANTS SERVICES GALLERY CONTACTUS

----------



http://www.tissuecultureaustralia.com.au/
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Espinosa-Leal et al. 2018
https://link.springer.com/article/10.1007/s00425-018-291C



https://link.springer.com/article/10.1007/s00425-018-2910-1
https://link.springer.com/article/10.1007/s00425-018-2910-1
https://link.springer.com/article/10.1007/s00425-018-2910-1

