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BB B AR | SUEERN > SUEPEATRIESEIONE (& & Rl teie & R A H s 4k)
FEZRIB Agar-Agar (Merck) » Bacto-agar (Difco) > g\ phytagel (Merck)
HfEA R fEAE3R B~ By~ Be » fEAR C 55
Hiz L I glycine ~ glutamate ~ glutamine - proline + methionine - cysteine 5
wEW) yeast extract ~ casein hydrolysate ~ chacoal ~ coconut water
HAth inositol
R S
}flf.’fl_:_;k - ampicilin ~ hygromycin * kanamycin
B S ~ AR (NaOCI) ST F17k ~ #4UK (H:00) o
Hith Tween 20 ~ Ji7 72
e A R
S EFEN Indole-3-acetic acid (IAA) - indole-3-butyric acid (IBA) -
(auxin) « -naphthalencacetic acid (NAA) ~ 2,4-dichlorophenoxyacetic acid (2,4-D)
e Kinetin ~ benzyl adenine (BA) ~ 2-ip
(cytokinin)
B Gibberellin (GAs) @ F3{HFH GA;
ot e e Abscisic acid (ABA)
2% Ethrel (ethylene)
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’#‘ '}" i;;_ % i‘k ﬁ E, - Constituent Concentration in culture medium (mg/ litre)

RS Schenk and ’ Lismaier
Rilges Hildebrandi £ Hellery and Skoog Murashige
Ca(NO,), 142 - - - -
KNO, 81 2500 3000 - 1900 & S k O O g
NaNO, - - - 600 -
NH,/NO, - - = = 1650
NH,H,PO, - 300 - - -
(NH,),50, - - 134 = _
MgS0O,.7H,0 74 400 500 250 370
CaCl,.2H,0 - 200 : 150 75 440
KCl 65 - = 750 -
KH,PO, 12 - - - 170
NaH,PO,.H,0 - - 150 125 -
MnSO,.H,0 - 10 10 - -
MnSO,.4H,0 - - - 0.1 22.3
KI - 1 0.75 0.01 0.83
H,BO, - 5 3 1 6.2
ZnS0,.7H,0 = 1 2 1 8.6
CuSO, - 0.2 0.025 - -
CuSO,.5H,0 - = 0.03 0.025
Na,Mo00,.2H,0 - 0.1 0.25 - 0.25
CoCl,.6H,0 - 0.1 0.025 - 0.025
. A £ = = 0.03 -
Essential vs. oo 5 : - o ;
Beneficial elements FeCl,.6H,0 i i 5 I s
FeSO,.7H,0 = 15 - £ 27.86
Fe,(SO,), 2.46 - - - -
Sequestrene 330 Fé - - 28 - -
Na,EDTA - 20 - - 37.26
Myo-Inositol - 1000 100 - 100
Thiamine-HCl - 5 10 - 04
Nicotinic acid - 5 1 - -
Pyridoxine-HC1 - 0.5 1 - o
Yeast extract 100 = - - : -
Sucrose 20 000 30 000 20 000 - 30 000

pH : 5.9 5.5 5.8



FEmRT: | TOSEREE | THRRE | R & B
(No.) (mg/L) (g/500 mL)
1 NH,NO, 1650 41.25 (50x)
KNO, 1900 47.5
2 CaCl, + 2H,0 440 11 (50x)
3 MgSO, - 7TH,0 370 9.25 (50x)
MnSO, - 4H,0 223 0.558
ZnSO, - TH,0 &% 02
4 FeEDTA 375 0.94 (50x)
5 KH,PO, 170 4.25 (50x)
H;BO; 6.2 0.155
KI 0.83 0.021
Na,MoO, - 2H,0 S 0.006
6 (mg/500mL)
CuSO, - 5H,0 0.025 125 (1000x)
0.025 125

CoCl, - 6H,O




§ i tm % 32 & cfE g
A REl (& /) 2% (caIIUS) BA&
=% E’v’#ft#)’w:@ﬂfﬁko, BAP 1§ £ MR R - Biwr— o 4]




§ 14 mo% 32 & hfEsE
B.J& % =% (suspension cell)it %
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§ EH w2 & hflE
C. 5% (somatlc embryo) 8 %
AN R T L KB E AR AT N g 0P —0 922 ARk R

FEF R 2 (protocorm-like body, PLBs)




§ ted Jw¥e 33 & (falE
D.®2F (organ) 3

4 £ % (auxin)gr P & 2 % (cytokinin) gt & %2%3:157 £ B ek 1




§ Hiir ot 35 % chfB A
E. i“% (anther) 2 £ & % (pollen) 1 %
T4 7 (androgenesis) » ¥ iR EEF M S

. r
Anther culture : ! f
P

iy
9 9 haterozygous, diploid

Isolated pollen and pre-
pallan slagas

Doubled haploid
plani, homozygous

Fo '5'1" dﬂ'C P°“ Calchicine Imatmu L

-3

Haploid plantlats

FIGURE 85: Schemalic drawing of haploid production by androgenesis [ anther and pollen
culture
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fI* 2 FHRREEFAEFRwe

M oE O S W&
SR} Raphanus sativas (2n = 18) + £ 85 Brassica oleracea (2n=18) Raphanobrassica
HE Brassica oleracea (2n = |8) + Moricandia arvensis (2n=27,28) Moricandiobrassica
ERHRE Eruca sativa (2n=22) + BRI Brassica napus (2n = 38) Erucobrassica
— §T4F Diplotaxis muralis (2n = 42) + H 85T Brassica napus (2n = 3§) Diplotaxobrassica
ELTT Nicotiana tabacum (2n=24) + & &0 Lycopersicon esculentum (2n=124) Nicotiopersicon
FEES53 Solanum twuberosum (2n =24) + Ffli Lycopersicon esculenium (2n = 24) Solanopersicon
FOPEE Datura innoxia (2n=48) + [t Atropa belladona (2n=24) Datwrotropa
K Oryza sativa (2n=24) +$6#8 Echinochloa oryzicola (2n =24) Oryzochloa

FRE {3 Arabidopsis thaliana (2n=10)+ 335 Frassica campestris (2n = 2()

Pomato / Topato

Arabidobrassica
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¥ e P 38 A e oL T 3R R
3 e, K /)N #/]» 1-10um 40-200um
4o o, TR 5 EEmBR ALY 7 i B 3
ERRFE e &R
b B A3 3% N 2
BT S % 5-20%
AT = f& 10m moles/l/h
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CO,/O, /ethylene regulation|

2 (1998)
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Optimization
of Gallture Scaling-up to[ ™
Initiation Selection conditions Bioreactor |7t

= e

Selection of Primary callus Stable high- ~ High-producing Culture in bioreactor

highly produc- producing strain in optimal in optimal conditions
tive plants strain on solid conditions in liquid
medium medium (cell

suspension culture)
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Table 1 Survival and growth of Salustiana sweet orange callus cul-
tures subjected to freezing/thawing treatments

Treatment Percent viable Embryo-
(number of genesis

Cryo- Freezing Thawing cultures)

protection

+ - - 100 (14) +

- - - 100 (9) %

- Fast Slow 0 (20) -

+ Fast Fast 0 (20) -

- Step-wise  Slow 0 (30) -

+ Step-wise  Fast 0 (30) -

+ Slow Slow 0 (32) -

+ Slow Fast 100 (26) -

Plant Cell Report (1997) 17: 44
REUFAA YW - TR S
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§ P e U R

Phenolics

vir gene \
Induction
ChvETSN

Frocesaing L
Agrobacterium

tumefaciens . e A. rhizogenes

Figure 1 Schematic diagram of the Agrobacterium infection process. Critical steps that occur
to or within the bacterium (chemical signaling, vir gene induction, and T-DNA processing)
and within the plant cell (bacterial attachment, T-DNA transfer, nuclear targeting, and T-DNA
inteoration) are highliehted. alone with eenes and/or nroteins known to mediate these events.

Annu. Rev. Plant Physiol. Mol. Biol. (2000) 51: 223
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E.24&7% %z v HE & ¢
£ ¥ % (shikonin)

’

/"—_\
production
di
/_/ medium
Inoculum
+ \h-.
growth medium O-0

A
AIR — concentration air - cells

cells Y (red) l _

Filtrate (white) Filtrate extraihon
1st stage bioreactor 2nd stage bioreactor shikonin
200L, 9 days 750 L, 14 days 12 Kg

Fig. 17.3 Industrial production of shikonin by two-stage batch culture of Lithospermum
erythrorhizon cells
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+ K] Eruthroxylum coca Novocaine - cocaine Jii B¢
H # 2 % ZF |Pilocarpus microphyllus Pilocarpine F Ak
15 A Claviceps puipurea Ergonovine -~ Ergotamine B3R ~ F o uEd ~ FRLE|
2% L% |Dioscorea barbasco Dioscorine MERE S PEH - REHRR
| Ep B R A Rauwolfia serpentina Resperine ~ Rescinnamine M B~ SAFFH] - AP R F
B B4k Catharanthus roseus Vinblastine Vincristine Hodgkin's ~ 5% &R
ER-S 3 Digitalis purpurea Digitalis 2% W~ KRE
o3 Ephedra sinica Ephedrine A%~ R E > KEE S BB
wh bk~ HFE B
KF#4%4  |Taxus brevifolia Taxol(paclitaxel) 9P W~ R L~ IR BT R
& Hp At Salix alba Salicylic acid SAE AR M R R
B E Papaver somniferum Morphine FnBE ~ 4R5F ~ T A
| ABEZE Cinchona pubescens Quinine JER ~ SERE
) R<E Pedophyllum peltatum L. Etoposide ~ Podofilox - peltatin (3T ~ @@ H] ~ R mE ~ &
BERE~ R
B4t Camptotheca acuminata camptothecin B~ L%

2 (1998)
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Product type Plant Source
Colours
Anthocyanin Vitis vinifera Cell cultures
Daucus carota Cell cultures
Euphorbia millii Cell cultures
Betalaines Beta vulgaris Cell cultures and

Crocin and Crocetin

Flavours
Capsicum and Capsaicin

Vanilla and Yanillin
Safranal

Sirres terrers
Stevioside

Thaurmatin

Crocus sativus

Capsicum frutescens
Capsicum annuum

Vanitla planifolia
Crocus sativus
Sbewia rebaudrana

Tiaumaloooocus
danzelli

hairy root cultures
Stigma proliferated
in culture

Immobilized cell
cultures

Cell rulbures
SHpma proliferated in
culture, Cell cultures

Cell culbure by
bictransformation
Transgenic cell
lines




Anthocyanidin

HO

OH

O — Sugar

OH

Anthocyanin

Substituents

Color

Pelargonidin 4’— OH Orange red
Cyanidin 3’— OH,4’— OH Purplish red
Delphinidin 3’— OH,4’— OH,5'— OH Bluish purple
Peonidin 3’— OCH,,4'— OH Rosy red
Petunidin 3'— OCH;, 4— OH,5'— QCH, Purple
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Tab. 1 Key events in the history of Molecular Farming.
Year  Highlight Reference
1986  First plant-derived recombinant therapeutic protein —

human growth hormone in tobacco and sunflower " 1
1989  First plant-derived recombinant antibody - full-size [gG in tobacco 2
1990 First native human protein produced in plants -

human serum albumin in tobacco and potato 3
1992  First plant-derived vaccine candidate -

hepatitis B virus surface antigen in tobacco 4
1992  First plant-derived industrial enzyme - «-amylase in tobacco 5
1995 Secretory [gA produced in tobacco 6
1996  First plant-derived protein polymer - artificial elastin in tobacco 7
1997  First clinical trial using recombinant bacterial antigen delivered

in a transgenic potato 8
1997 Commercial production of avidin in maize 9
1999  First glycan analysis of plant-produced recombinant glycoprotein 10
2000 Human growth hormone produced in tobacco chloroplasts 11
2000 Triple helix assembly and processing of human collagen produced in tobacco 12
2001 Highest recombinant protein accurnulation achieved in plants so far -

46.1% total soluble protein for Bacillus thuringiensis Cry2Aa2 protein 13
2001  First multi-component vaccine candidate expressed in potato —

cholera toxin B and A2 subunits, rotavirus enterotoxin and enterotoxigenic

Escherichia coli fimbrial antigen fusions for protection against several

enteric diseases 14
2001 Glycan modification of a foreign protein produced in a plant host using

a human glycosyltransferase ' 15
2003 Expression and assembly of a functional antibody in algae 16
2003 Commerdial production of bovine trypsin in maize 17
2004 Genetic modification of the N-glycosylation pathway in Arabidopsis thaliana

resulting in complex N-glycans lacking B1,2-linked xylose and core «1,3-linked
fucose

18

Genomics
Proteomics
Metabolomics

Glycomics
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J. Exp. Bot. (2000) 51
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MINIMUM AUTOCLAVING TIME
FOR PLANT TISSUE CULTURE MEDIA

Volume of Minimum Volume of Minimum
Medium Autoclaving Medium Autoclaving
per Vessel (ml) ) (min)? per Vessel (ml) ~ (min)?
25 20 | 500 35
50 25 1000 40
100 28 2000 48
250 31 4000 63

"Minimum Autoclaving time includes the time required for the liquid volume to
reach the sterilizing temperature (121°C) and 15 min at 121°C (Burger, 1988).
Times may vary due to differcnces in autoclaves. Validation with your system
Is reccommended.



! - = E W E K H
Ethanol 70 % <1 min
HgCl, (mercuric chloride ) 2% 10 min
NaOCl (sodium hypochloride) 1 % 10min-2h
Clorox 10 - 30 % 10 min-2h
H,0; (hydrogen peroxide) 1-3% 10 min -2 h
Antibiotics 100 mg/L 30 min




PR~ FEEAS ~ BRAS  eBWEE CpHBIE E -
REART R~ Bika
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§
hze ( 003) nHEEY  RES KRR OY - B R PEF B 364:23-29 -

% Ly (1998) 917 84+ mve A HFH 5 o 11 Fiu e 7] 102127 -
Bz o3~ FA5R8Y w2 s 2 (2003)%43 e s & A TR

4 g P (2000) IR B EF METLARE > FH PR R AT
¥4 e 147 (2006) FRHE & Fh o BHEE R A Y% HFR D 0P
Plant Cell, Tissue and Organ Culture (2005) 81: 253-378

Ramawet KG, Merillon JM (1999) Biotechnology Secondary Metabolites. Wiley-Vch

Verlag GmbH Fu TJ, Singh G, Curtis WR (1999) Plant Cell and Tissue Culture for the

Production of Food Ingredients. Kluwer Academic
Fischer R, Schillberg S (2004) Molecular Farming. Wiley-Vch Verlag GmbH
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