Perspectives of using cell, hairy root
and sprout cultures in food technology

Smetanska



Health-promoting secondary metabolites ﬂ

glucosinolates

steviosides

phenolic acids

System Secondary metabolites

Plant -plants
meta- - by-products, Synthesis
bolite - sprouts, * nutrients
: - in vitro (hairy * phyto-
profile roots, shoot, hgr%ons
cell cultures) * precursors
+ elicitors

Extraction Properties
* solvents * antioxidative
eexudation potential,

* membrane * stability (pH,
permeabilisati temperature),
on

Phytomanufacturing chain
Smetanska, Adv. Biochem. Engineering, Springer (2008)



Cutivation systems W
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Cultivation system: Cell cultures ﬂ

2. Propagation

Regeneration Modifikation

3. Metabolite production

Suspension

Bioreactor



Cell cultures: Micropropagation W

- production of large numbers of plants from small pieces of
the stock plant in relatively short periods of time
- similarly to any own-rooted vegetative propagated plant

Orchids:
1 plant — 500 000 plantlets

vegetative propagation — 10 plantlets
1 m 2 =100 000 plants
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Differentiation from different plant parts aggie-horticulture.tamu.edu/.../pltissue.html|

Smetanska, Methods in Food Biotechnology


http://aggie-horticulture.tamu.edu/tisscult/pltissue/pltissue.html

Cell cultures

ENHANCED:

diversity (color)

stress or pest resistance
productivity
pathogen-free plants
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Smetanska, Methods in Food Biotechnology


http://lbs.hh.schule.de/biotech/pflanzen/

Cultivation system: Cell cultures

AROMA
Coffea arabica Coffee aroma
Malus sylvestris Apple
Mentha Spezies Mint
Theobroma cacao Cacao
Vanilla planifolia Vanilla
SWEETENER
Stevia rebaudiana Stevioside - Sugar
FARBSTOFFE
Citrus limon Flavonoide
Daucus carota Red - Carotenoids
Product Plant Yield (% TG) Cells/ Plant
Cells Plant
Anthocyane Vitis vinifera 16 10 1.6
Euphorbia mille 4 0.3 13.3
Berberine Coptis japonica 13 4 3.3
Talictrum nomur 10 0.01 1000
Shikonin Lithospermum erythrorhizon | 14 1.5 9.3




Cultivation system: Cell cultures KZ

Plant-derived pharmaceuticals of importance

Product
Ajmalicine
Ajmaline
Camptothecin
Codeine
Colchicine
Ellipticine
Morphine
Shikonin

Taxol
Vinblastine

Vincristine

Use

antihypertensi

ve
antimalarial

antitumour

sedative

antitumour

antitumour

sedative

antibacterial

anticancer
antileukemic

antileukemic

Plant species

Catharanthus
roseus
Rauvolfia
serpentine
Camptotheca
acuminata
Papaver
somniferum
Colchium
autumnale
Orchrosia
elliptica
Papaver
somniferum
Lithospermum
erythrorhizon
Taxus brevifolia
Catharanthus
roseus
Catharanthus
roseus

Cost US$
kg1
37 000
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Cape periwinkle
Catharanthus roseus
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Cultivation systems: Hairy roots

Agrobacterium rhizogenes: LBA 9402 and A4 /

( )
Growth of the hairy roots of yellow
mustard
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O1. day B4 weeks B6 weeks

BMBF- Kastell, Smetanska, 2009 e


http://www.heidelberg.de/servlet/PB/show/1204039/31_bild_PtJuelich_logo.jpg

Cultivation systems: Hairy roots @

Phytohormons

Mix

- NAA

- Kinetin
-2,4-D

Change in
morphology /
content of
glucosinolates

Glucosinolates, yg/ Mol FW
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broccoli radish teltower radish mustard
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Cultivation systems: Sprouts

- production of large numbers of plants from small pieces of the stock
plant in short periods of time
- similarly to own-rooted plant

After 3 weeks. Biomass
increase 300-400%

Start up of a sprout culture
in a liguid medium

Schewchenko, Smetanska, 2008



Cultivation system: Sprout culture KZ

Steviol glycoside concentration at
6-th week culture
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Sprout culture In vitro meristem culture

BPM:; BMBF- Schevchenko, Wendt, Smetanska, 2008


http://www.google.de/imgres?imgurl=http://www.tu-cottbus.de/projekte/uploads/pics/b63d7e08aa.gif&imgrefurl=http://www.tu-cottbus.de/projekte/de/biem/forschung/forschung-detailansicht.html?tx_ttnews%5Btt_news%5D=388&tx_ttnews%5BbackPid%5D=3355&cHash=d920019224&usg=__xcGqJHflJgiEtRn319ExtM6USP8=&h=54&w=120&sz=3&hl=de&start=1&um=1&itbs=1&tbnid=0mSRVJgUE7HJlM:&tbnh=40&tbnw=88&prev=/images?q=EXIST+BMBF&um=1&hl=de&tbs=isch:1

Cultivation systems

Hairy roots

Plants Shoot cultures

Cell cultures

Advantages and By- Shoot : Cell
. Plants Hairy roots

disadvantages products | cultures cultures
Independence of season - - + + e
Controlling - - + - +
Growth intensity + + + +/- +/-
Maintaining costs + + - - -
Growth equality + + T + +/-
Costs for extraction - - + + +




Cultivation systems: Cell cultures

+ de novo synthesis
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Cultivation systems: Cell cultures KZ

Phenolic acids in Artemisia cell

100 cultures
90 1 ® Artemisia vulgaris

80 4 B Artemisia campestris
70 | ® Artemisia frigida

chlorogenic isochlorogenic A |isochlorogenic B |isochlorogenic C

umol/a DW

Cai. Riedel, Smetanska, 2009



Synthesis: nutrients

Media for plant cell cultures (mg 1)

Components MS HV MSR + BA/NAA |MSR + 2,4D
Makroelemente

KNO, NH, NO, KH, PO, XXX | XXX XXX XXX

CaCl,x2H,0, Mg SO, x7 H,0 XXX XXX XXX XXX
Mikroelemente

Mn SO, x H,0, Zn SO, x 7 H,0 XXX | XXX XXX XXX

H, BO, KJ, Co Cl, x 6 H,0 XXX | XXX XXX XXX

Na MoO, x 2 H,O, Cu SO, x 2 H,0O XXX XXX XXX XXX

Vitamine

Myo — Inositol, Nicotinsaure XXX XXX XXX XXX

Glycin XXX XXX XXX

Pyridoixin x HCI, Thiamin x HCI XXX XXX XXX XXX
Phytohormone

Dichlorphenoxyessigsaure (2,4D) XXX XXX XXX

Naphtylessigsaure (NAA) XXX

Benzyladenin (BA) XXX

Kohlenstoffquelle - Saccharose XXX XXX XXX XXX




Synthesis: nutrients

Effects of different media on
growth  and  serpentine
production in cell suspension
cultures of Catharanthus
roseus (Zenk, 2004)

Basal medium Cell yield Serpentine Serpentine, %
gDW 11 mg 11 DW
Blaydes 7.6 4.4 0.06
Gamborg - B5; +2,4-D (I mg 1) 4.6 0.5 0.01
Gamborg + 2,4 D (2 mg I%) 5.2 0 0
Gamborg + NAA (1.86 mg 1) 7.6 1.2 0.02
Gamborg 5.1 0 0
Heller + IAA (0.17mg I'1); BA(1.1 mg I) 5.4 6.6 0.12
Linsmaier and Skoog 9.3 0 0
Murashige and Skoog (N, K) 8.9 10.4 0.12
Nitsch and Nitsch 2.3 2.0 0.09
Velicky and Martin 5.0 0 0
White 0.8 0 0




Synthesis: nutrients, transformation

N = v AM chain ]
€ ngation v
homo
YP79F1 . .
| Met CYP79 B PR3l . A“(gg?_tlc defense
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Leibnitz Institute of Vegetable and Ornamental crops — WG Schreiner; BMBF- Kastell, Smetanska



Biotransformation / co-cultivation

Problem: Abscence of precursors

(‘

.

1.

'\
cell culture,
MO, fungi

J
chemical

Precursor >

>

cell culture 2

[

> Substance

PCC Vitis vinifera + L-Phenylalanin (1,5-10 uM) = Anthocyan (2,2-times)

2.
a.
b.

biological - plants:
from plants / cell cultures of the same specie
from plants / cell cultures of the other specie

3. Biological — extract of microorganisms / bacteria/ fungi - extracellular
production of precursors

transformation with Agrobacterium — hairy roots
PCC Gossirium arboreum + Verticullum = gossypol
PCC Origanum vulgare + Pseudomonas = new synthesis of phenolics



Synthesis: phytohormones (KZ

1. Auxins — stretching growth
formation of adventives roots

2. Gibberellins — growth
germination

3. Cytokinins — cell division,
formation of side buds

4. Ethylene - fruit maturation, fruit
and leaf fall

5. Abscise acid - suppress growth,
antagonist to 1-3

6. Jasmone acid —induction of
defence-genes, allelopatic
interactions

7. Brassinosteroids —increase

- resistance to stress Cell cultres. Brassi
Hairy roots - Brassica rapa €ll cUltres- brassica rapa

Smetanska, Methods in Food Biotechnology



Synthesis: phytohormones [KZ

Brassica oleracea

- without 2,4-D
with 2,4-D ‘

Glucosinolates, pg/ Mol FW
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BMBF- Kastell, Smetanska



Synthesis: stress factors @

Answer on pathogen attack:
Recognition of pathogen,

Induktion of defence mehanisms
Synthesis of secondary metabolites

Eliitor

awcowso [one Flux

NADPH
oxidase

gen-activation,
hypersensitive
Knorr, 1995 answer

synthesis of secondary
> metabolites

Smetanska, Methods in Food Biotechnology



Synthesis: Elicitors ﬂ

Stress ’
Biotic ’ Abiotic ’

Chemical ’ Physikal ’

* Microorganisms

High field electric pulses

* signal molecules (SA, = Nutrient stress i
MJ) = Heavy metals * High pressure
= Pesticides . Osm(_)tlc stress
= KCN, H,0, . l)V-nght
* light
« temperature

Defence mechanisms ’



Synthesis: stress factors

MAM chain MJ
elongation _omo - cyp79F1 !
Met CYPlS3A Thyo Aliphatic defense
dihomoM CYP79B A (REF2) Thyo C-Sy hyd GSL My compounds for
et 3 hyd De ro plants
do ase  ro .
i ro (SUR SGT sulfo PAPS sinas
CYP79B2 xim ) . GSL Indole GSL ¢ Anti-
MeY cyps3B P ate ;T:Ii?j _ carcinogens
P02 1 (SUR1) Aromatic for humans
GSL
Root Cys yEC APS B4 N, S
growth

[ - substances, [] -enzymes (CYP- cytochrome 450 type), [Jj -elicitors
Halkier, 2006; Kliebestein et al., 2005

Glucosinolates in plants in hairy roots
120 45
< 100 A 4
(1 3,5
T80 o s 3
SEECE é” i
i 15
E‘J 40 g, )
20 A 0,5
0] T T T T
0 ' ' ' ' ' ‘ ' 0 2 4 6 3 10
0] 7 14 21 28 35 42 49 days
—~—C —=-MO —MJ days —-C -=-MO —+MJ

C - control, MO - microorganisms, MJ - methyl jasmonate (Smetanska et. al., 2013)




Extraction: Immobilisation

Immobilised cells — limited in mobility

a. Naturally immobilised - 100-500 um (some
cells) until some mm (thousands of cells)

b. Artificially immobilised - in particles from
alginate, pectin, agar, gelatine

- Influence potential for synthesis (cell-cell
contact, predifferenciation)

- Continuous cultivation

Smetanska, Methods in Food Biotechnology



Extraction: exudates ﬂ

PLASMA
MEMBRANE

Rhizosecretion

e — K'CHANNEL
simplicity of extraction = ] ATPme] | oSN
e - CYTaSIS LFF_F!S'ﬂ][anNNELs{ A B TR e
decrease costs for purification 3 =
continuity &
constant profile of metabolites ! (e v
Ways of rhizosecretion enhancing psccrdss
] ) 9"""? I;nMWndq %ﬂbns H* K* K*
» direct - increase root surface area s mm e e in
 indirect - increase glucosinolate hanckcs charge e o ensieenl
concentration in roots APOPLASM
Glucosinolates in exudates of turnip Glucosinolates in cell cultures and
exudates of Sinapis alba
? - !
EI
\
f I
l ! l ' 'r' !
1 g r§ ) Wi }|" | --[
i M e M b J
' pmol/ml

Smetanska, 2005 Cai, Kastell, Smetanska, 2010



Extraction: exudates ﬂ
i

“Green chemistry”

Rapeseed Exudates ’
milling

Rapeseed meal

enzyme Inactivation

Homogenised slurry

centrifugation, separation

Enzyme reactor
cell wall degrading enzymes

Oil, Hulls, Emulsion

ultrafiltration/
reverse osmosis

proteins, lipids, biocides, (4%
generation glucosinolates)

Smetanska, Schreiner, Schonhof, Krumbein, Knorr
Patent 10 2006 004 829.6/42, PCT/EP 2007/000788

Smetanska et al, 2006; Leibnitz Institute of Vegetable and Ornamental crops — WG Schreiner



Aeroponics
with defensor,
10 days

Aeroponics with pa—
defensor, 20 days Aeroponics with defensor,

30 days

Glucosinolates in plant exudates of Brassica rapa (30 days)
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— | aliphatic
P 5 .
c B arom atic
©
Q_ .
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H 2H 2H2S 2H2S- 2H2S-
SAO SA25

H — Hoagland solution, SA — salicylic acid

Schreiner, Krumbein, Knorr, Smetanska, 2010;



Extraction: Pulsed Electric Fields

Cell membrane E >
Y|
+
—— D
+

E<E

crit

i
E > ECrit 4—@;%‘
N
A
‘Trreversibl;)

=0

E>>E

crit

Chamber with plant material

Polar electrode
(negative)

Polar
electrode
(positive)

. -
"—Electric current

carbohydrate _ |
chain

phospholipid
belayer

glycoprotein = |

hydrophobic ™ |
region

cholesterol

protein
molacule

hydrophilic
regons

Pulsed electric field (PEF) processing is a method for processing cells by means of brief
pulses of a strong electric field. PEF holds potential as a type of low temperature
alternative pasteurization process for sterilizing food products. In PEF processing, a
substance is placed between two electrodes, then the pulsed electric field is applied.



Electroporation through high field electric pulses

Destabilization of cell membranes
Electric field - kV/cm for ns -ps.

The electric field enlarges the pores of the cell
membranes which kills the cells and releases their
contents. PEF for food processing is a developing
technology still being researched.

[umol / g DW]

1,4
1,2
1,0

0,8

Extraktion: Pulsed Electric Fields

Phenolic acids in mint

M Vanillic

1 m Chlorogenic ——
B Caffeic —

50 70 100
Pulces, 1,6 kV




Extraction: High hydrostatic pressure

High pressure food preservation

Pressed inside a vessel exerting 70,000 pounds per square inch or more, food
can be processed so that it retains its fresh appearance, flavour, texture and
nutrients while disabling harmful microorganisms and slowing spoilage.

Pressure [MPa]

100000 Center of Earth

Electrohydraulic Shock
Piston Cylinder Press

Magnetic Compressior,

Ultrasonics

Mariana Trench

Hydraulic Systems

Thermal Autoclave

0.1 Atmospheric Pressure




Extraction: High hydrostatic pressure , [ﬂ

L
N

mHigh pressure

Anthocyanins in red currant
mControt—

i

1min-F  3min-F  5min-F 1 min-NF 3min-NF 5min-NF
Min —time of high pressure treatment, F- frosen, NF- fresh

-

o
0

o
o

o
~

Anthocyanin (mg/ g DW)

o
[N

o

*50 KPa



Extraction: Fermentation KZ

Fermentation

Anthocyanin content in fermented red cabbage
under different salt concentrations

40 —150%
35 =7 50%
2 30
(@)]
S 25 -
S
20 -
15 I T T T T T T 1

11 14 17 21 24 28 31 35 38
days

Anthocyanin content in solvent extracts of red cabbage

25

20

15
10
5
0 - . . .

Wather Hot wather 30% Ethanol50% Ethanol70% Ethanol

mg / g DW

Extraction

Microbiology and genetics — WG Stahl; Benz, DAAD - Hunaefi, Ravichandran, Saw, Smetanska



Anti-oxidative activity W/

|| —

Antioxidants

Enzymatic

( Primary enzymes ) ( Secondary enzymes )
Superoxide dismutase (SOD) Glutathione reductase

Catalase Glucose-6-phosphatase-
Glutathione peroxidase dihydrogenase
Flavonoids

Non-enzymatic

Cofactors ) Vitamins and derrivatives )
Co-enzyme Q10 A C E K

Minerals _ Carotenoids )
Zinc, selenium Beta caroten

Lutein
\Organosulfurcompounds) 7eaxanthin

Allyl sulfide indoles

glutathione
Anthocyanlns

Quercetln Catechln Cyanidin

Kaempferol
Isoflavonoids ‘W

Genistein Hesperidin Chrysin

[ Nitrogen non protein compoiunds )
Uric acid

( Phenolic acids

Ferulic acid
p-coumaric aci

Hydroxybenzmc aC|ds Hydroxycmnamlc aC|ds

Gallic acid

id



Anti-oxidative activity

Illustration mechanism of primary and secondary antioxidants



Anti-oxidative activity ﬂ

Free radical scavenging activity of Stevia
1,1-diphenyl-2-picrylhydrazyl (DPPH)

100

95
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85
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65

DPPH scavanging activity (%)

60

mg GAE mi-1

—o—Field (Bolivia)
=f=Sprouts T

A
I

70 -

15 20 25 30 min

= Total phenolics Correlation between DPPH radical scavengin

——AOX activity (%) and total phenolic content (TPC
1% (mg GAE g! DW) in vitro Stevia sprot
ks cultures
T 86
Llaa 120
1 82% 100 - . ;
1o 80 -

y=0,027x+ 7,104

60 1 R?=0,904

T78

DPPH (%)

L 76 40 A

invivo

Correlation between DPPH radical scavenging activity
(%) and total phenolic content (TPC) (mg GAE g-1 DW) TPC (mg GAE g DW) |

in vitro

20

0 7'.
0 500 1000 1500 2000 2500 3000 3500 4000

of buckwheat sprouts in vivo and in vitro

BPM, Channel - Schevchenko, Wendt, Mohdaly, Sytar, Smetanska



Vegetative seeds ﬂ

Encapsulated somatic Embryos

Na-

afginate

nutrients

sprout culture

| l Plant
, tissue
\ protectants

v

6-9 mm

encapsulation

‘ bioreactor
-
e o°

(*Xl ST vegetative seeds
o’ ‘ BMBF-Exist - Shevchenko, Wendt, Smetanska, 2010-2011
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Milestones :

Screening of plants for secondary metabolite content

Establishment of shoot, hairy root and cell cultures

Comparison of different plants’ systems with
exudates and by-products

Biosynthesis targeting by nutrient supply,
phytohormons, precursors, and elicitors

Development of extraction technology (solvents,
membrane permeabilization).




