CHAPTER1
INTRODUCTION

1.1 Plant cell and tissue culture
For along time, plants have been used by man in one form or the others
namely, medicines, flavours, fragrances and various other industrial and
Wde there has been considerable
demand for plant based n ‘Awposed to the synthetically
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arenessregarding the harmful effect

product. This is becaus?eadﬁw
associated with syntheti cLatCals (Sti a,s%

Recently, the raw riiateials # ] come limited in supply.

pharmaceutical products. Durin \

Also, their availability 4 gua 1y vary. The disadvantage of this situation

wWards the procurement of

natural products. The in vitro culifire o
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gy becausefof_'m ﬁ generate improved
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growth areas of biot€shnolo

crops and ornamental.plants

Plant cell and tisge culture ered a ble alternative for

production, if the product formation rate, yield, and final concentration are

increased signitﬂn‘u &Ixaﬁ} nga%]s §pw&m1§ulture systems

over the conventiohal cultivation of whole plants are as follow: (Tabata, 1977)
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coriditions independent of climatic changes or soil conditions.

2. Cultured cells would be free of microbes and insects.

3. The cell of any plants, tropical or alpine, could easily be multiplied to
yield their specific metabolites.

4. Automate control of cell growth and rational regulation of metabolic
processes would contribute to the reduction of labor costs and the

improvement of productivity.
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1.2 Definition

Plant cell and tissue culture are the process whereby small pieces of the
living tissue (explants) are isolated from organism and grown aseptically for
indefinite periods on a nutrient medium. For successful plant tissue culture, it
is best to start with an explant rich in undetermined cells, e.g. those from the
cortex or meristem, because such cells are capable of rapid proliferation. The

usual explants are buds, root tips, egments or germinating seeds and

these are placed on suita culture / where they grow into an
undifferentiated mass kno lu [E @991).

—a

1.4 Cell suspension c@ui"e - ﬂ
Suspension culture is d(;)lgla;hlined from call&§ culture. It can be grown in bulk,

s e GAUBBPBAG 21117

The initiatiohl of suspension culture is made by transferring callus into a

it QAT PEREAP T 9 Y

Ej !l ture and
agitatingf'the cell mass breaks up to give isolated cells, smﬂ Qsters of cells
and much larger aggregates. To maintain suspension culture is carried out by
keeping them on an orbital shaker (50-130 rpm.) with the same conditions as
callus culture and routine subculture to new media every 2-4 weeks depending

on the individual cell growth.
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1.5 Culture medium

Culture medium is an important factor for growth and maintenance of
callus and suspension cultures. The first decision to be made when initiating a
plant callus culture is the composition of the culture medium. The most
commonly used media are Murashige and Skoog (MS), Gamgorg B5 (B5) and
Schenk and Hildebrandt (SH) (Dixon, 1996).

W\
ce}b{n/{//dmlture media include (Dey

1.5.1 Media compositions
Components of typi I

and Harborne, 1997):
1. Inorganic m

2. Inorganic mi

Al, and Ni)
3. Organic nitrog
4. Vitamins (e.g. ni
5. Carbon sources (e.
6. Plant growth regu ato%@._a
7. Optional otﬂanic cotﬁ%ﬁlﬁ%sié' a
8. A %-..-._--___-_-._,,_..--- —_—

A variety of mediuné_ components have shown to affect product yield.

e, e NN FNHIR G

yield by varyingge components and investigated the effect of ratio of

: § o/
carbon ﬁ }ar ! as nd that
ﬁ i
nitrogen S eniaﬁ !or otel n%gllcl synthesis, réducing or removing

nitrogen will reduce the cell growth and bring into a premature stationary phase
in which product accumulation. Lacking of phosphate, more than any other
nutrients, stimulates secondary metabolite biosynthesis (Mantell and Smith,
1983). In general, the rising of the levels of sucrose lead to increase the

secondary metabolite yield of cultures.
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1.5.2 Plant growth regulators

Plant growth regulators, plant hormones or phytohormones are organic
compounds naturally synthesised in higher plants, which influence growth and
development. These compounds are specific in their action, are active in very
low concentrations, and regulate cell enlargement, cell division, cell
differentiation, organogenesis, senescence and dormancy (Evan, 1996).

For plant cells to develop i lus, it is essential that the nutrient

medium contain plant growt t honnones €.g. an auxin, a

cytokinin and a g1bberellmhhn abs)lu s of these hormones are

required vary alfferent..mﬂ"E""r nts | from - differ arts of the same plant
and for the same expl '\rhﬁlanrimrose, 1987). The
 will

type and concentratio according to the cell

culture purpose.

can replace the naturally OCCUI‘MEU in indele-3-acetic acid (IAA), because

of IAA is readily ox@sed by p "#églls}(r ‘FE" nﬁader 1997). Auxins

A Cytokmm pro?otes cell d1v1310n shoot proliferation, and shoot

morphogene&ﬂ W%ﬁﬁ ‘%BW fabd | Bifirylaminopurine

(kinetin) are most commonly used cytokinins (Dey and Brownleader

R AT T T A e

In general, the balance between auxin and cytokinin concentration plays
an important role in differentiation (Wilson, 1991). Adding growth regulators
which supporting the high rates of growth do not induce the accumulation of

significant amounts of secondary metabolites (Yeoman and Yeoman, 1996).
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1.5.3 Physical conditions

Plant cell and tissue cultures grow differently depending on the type of
culture condition they are subjected to. The intensity, type and duration of
light, temperature and physical medium composition play a role in the
morphogenesis of cultures. The optimal pH medium is usually 5.5-5.8.
Sometimes, pH medium can improve the uptake of nutrients and precursors,
the membrane permeability and @e&wing of secondary metabolites

(Brodelius, 1990). Meanwhi

ote embryogenesis, shooting

ess ‘Fntlaﬂﬁe roduction of secondary

and greening of callus, a

metabolites. Light is a special plant growth
fluorescent lamp. C

species may require v iturere stimal growth.

1.6 Applications

Today, the plant ce icularly modern plant
biotechnology, is an import specific products of high
value for commercial purpose it‘:ias n widely used both basic and
applied studied in , With ct on agriculture,

horticulture, pharma¢euticat;-food;cosmetics; and 1t ty, Research in plant

cell and tissue cultureﬂi

1990)
Cellbe*ﬁ“tﬂﬂ’mﬂﬂ‘iwmﬂ‘ﬁ

Plant modification and 1mprovement

"Q‘;magﬂﬁmwnwma 2]

5. Production of primary and secondary metabolites

broad &as, namely: (Trevor,

AUJN—*

Recently, the research in production of secondary metabolites has achieved
great significance. Much of these are related to the potential for producing
commercial product, especially in the food and pharmaceutical industries
(Trevor, 1990).
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1.7 Aseptic technique work
All the manipulations were carried out under aseptic conditions using a

laminar flow cabinet with horizontal flow of sterilised air.

1.8 Secondary metabolites
Secondary metabolites are often characteristic of a plant family.

plant make it difficult to id

Differences in structure of secondary metabolites and their site of location in
\72 function for all secondary

compounds. There is eyi very important role as

constitutive compounds 1 against insect pests and
predators, particularly i e\that is ac ited these compounds.
i ised rapidly in response to microbial

infection and insect atta , F amﬂ: : ear to be synthesised

and physical damage.

mnr‘ N .
Therefore, secondary m bo ‘m'fre er 102 emical compounds, which

role of these compo een ascertained, it isycertain that they are often

1.9 Production of secon ﬁ tzﬁ ites i?{ EJ tissue cultures

Synthesis m ;ﬂ ISt stimulated if fixed carbon
W‘iﬁ btal bl 1)
differen lqti rﬁ t mrils S ;] 11 rE-Ero ;Eonverted

into secondary metabolites and stored in the vacuole or cytoplasm. When more

rapid growth is resumed then the secondary metabolites are degrade and the
stored carbon released. The activities of secondary and primary metabolism
are closely related and exist in a dynamic equilibrium linked by key enzymes.
These key enzymes are very important to their activity may be a major rate-

limiting factor in secondary metabolite accumulation.
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Because of their complexity chemical structures, most compounds are
often difficult to synthesis chemically. Furthermore, many new compounds,
which are not found in the parent plants, may be produced by plant cell and

tissue culture techniques.

Recently, the secondary metabolite production by plant cell and tissue
techniques has been the subject of extended research. One of the problems
associated with plant cell and ti ture for the production of some
particular secondary metabol;' @U

undifferentiated cell has p cal 3trucﬂﬁierent from the usual plant

T — ——
cond

ield obtained. Because of the

cell, it has no site for ites, many techniques of

plant cell and tissue low yields e.g. cell

immobilisation, feedi ion, permeabilisation

and elicitation.

biosynthesis of desired

Fiifes

secondary metabolites. The' selected examples

cted ¢ higher yield than parent
e

According to, spmie se 3 ctabolites have exeellent pharmacological

effects and they have o the supplies from

intact plants would be- re have been applied

v BN T
ARIAINIUNRIINYINY

1.9.1. Taxol

Taxol is a complex diterpenoid alkaloid that was originally isolated from
the bark extract of the Pacific yew tree, Taxus brevifolia. Now well known as a
strong anticancer drug, the structure and biological activities of Taxol were first
published in 1971 by Wani et al. Taxol is now a registered trademark of
Bristol-Myer Squibb Co., the generic name for Taxol is paclitaxel (Seki ef al.,
1996). The Food and Drug Administration (FDA) has approved the used of
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paclitaxel for treatment of refractory ovarian cancer, recurrent and refractory
metastasis breast cancer, and polycystic kidney disease (Ketchum and Gibson,
1996). The bark of Taxus brevifolia is the only FDA-approved source of
paclitaxel for clinical used (Gibson et al., 1993). Approximately 3-6 trees
supply taxol (1 g) for treatment of 1 patient. Due to the relative scarcity of the
tree and the low yield of taxol, the supply of taxol is restricted, limiting

expansion of clinical trials and tre ent availability. Continued bark

harvesting for taxol does not a uate source to meet the needs

of ovarian cancer patlents
over 500 kg taxol/year t0 (rcab-mu D cer (Gibson et al., 1993).
The alternative metho ion;. as from tissue culture,

i been increasing. Several studies

larger project demand for

organic synthesis or ot
on Taxus plant cell cul Becrmé) &Qon et al., 1993, Han et
% ' \ﬁirasuna et al., 1996,
997). The plant cell
culturing of Taxus speciés i -} lered I romising method to obtain
o1 ge-scale plant cell culture may be
cost-effective and enabhng teohmfbgy;d produce taxol. The product of taxol

patented by Plant, Soi d Nutrition L ew York, USA (U.S. Patent
No. 5,019504) (Gibso ‘et al., 1993). |

ﬂuEJ’J‘VlEJWﬁWS’]ﬂ‘ﬁ

1.9.2 Artemlsm

AWASIATH USRI BYAN B s

parts of jrtemzsza annua L., a traditionally used medicinal plant from China.
Artemisinin is deten;)ined as antimalarial activity, much effort is being made to
develop a new class of antimalarials, based on this compound (Woerdenbag et
al., 1993). It has been found to be particularly active against chloroquine
resistant Plasmodium falciparum in the treatment of cerebral malaria (Chiung-
Sheue et al., 1992). The highest artemisinin content has been found in leaves

and flowering tops of the plant and it is influenced by several factors such as
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plant variety, cultivation conditions and geographic localization (Paniego and
Giulietti, 1994). On a global scale, artemisinin is hardly available, and drug
registration requirements are not yet met. The total organic synthesis has been
established, but is very complicated, and low yields, that are economically
unattractive, are obtained. Therefore, the plant remains the only valid source of
artemisinin. Alternative sources of artemisinin have been investigated from
plant cell cultures (Liu, et al., 1992, \yerdenbag, et al., 1993, Paniego and

Giulietti, 1994, Ferreira and Jam& W} etal.,2001).

‘ 9

1.9.3 Ginkgolides /

cycle and three lactoni€ se complex products

requires multi-step proce ‘ v scale up economically
(Carrier, et al., 1991). The @ tetgé_r{esg’ kgolides
effects and are antagomsts to fac;an; inflammatory autacoids (1-O-alkyl-

2-acetyl-sn-glycero-3-phosphocholine uh and St aba; 1993).  These

ve many pharmacological

phytochemicals show significant pharm ( oty ty against Platelet
Aggregation Factor (Pj-' R Glnkgol;de B 1s the most e&cxent PAF antagonist
(Carrier, et al., ii tive to produce
ginkgolides. ﬁil ﬁihﬂ:ﬂﬁ{ﬁﬂpjf %aGinkgo biloba
cultures have been reported (Nakarishi and Ha bagushi, 1971, Qatrier, et al.,

190, Adrdfbadl ol THO ALTA bY 1 SR TNEL o

However the biosynthetic ability of in vitro growing Ginkgo biloba cells to

produce ginkgolides must be assessed and information on the growing
conditions of the cells must be gathered before proceeding to yield

improvement.



24

Table 1 Secondary metabolites produced in high levels by plant cell and tissue

cultures (Dicosmo and Misawa, 1995)

Compounds Plant species Yield (% dry weight)
Cell culture | Whole plants
Shikonin Lithospermum erythrorhizon 20 (s) 1.5
Ginsenoside Panax ginseng 27 (¢) 4.5
Anthraquinone Morind “W 18 (s) 2.2
— B~ AL [l
Ajmalicine tharan 1.0 (s) 0.3
Rosmarinic acid Coleus blumei 15 (s) 3

Ubiquinone-10

/,’/ﬂ%. ' 0.036 (s) | 0.0003

e N |
Benzylisoquinoline

LIETRANNY® | *°

Berberine I % , .10 (s) 0.01
bttt Y i

Berberine pHis Jape “ 10 (s) 24

Anthraquinone alivim veriim 5.4 (s) 12

Anthraquinone | Sation ‘ine 3.8(s) 0.2
44000 L. )

Nicotine |7 Nicotiana tabacum 3i(c) 2.0

Bisoclaurine i) ste; : ha | 123 () 0.8

Trlpdlohde . “Tripte

0.001
3

. Cﬂwmfﬂﬁﬁim URIINYA Y
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1.10 Special techniques for improving the secondary metabolite
production from plant cell and tissue cultures
1.10.1 Cell immobilisation

Cell immobilisation is one of the biotechnological techniques that had
been introduced as a beneficial aid for the secondary metabolite production.
The principle of cell immobilisation is cili are enclosed in an inert material, so

that they are still in contact with / maintained in a medium that
only allows a limited growth: | ythe& has reduced in phosphate,
nitrate and growth reg@ a\lmg%ase in the sucrose level.
This medium is circulat immobi

products released into th I , 10ve IS educing any feedback

maintained as an acti y unit for ) weeks compared with 3-4

weeks for a normal cell.

The immobilisati ‘hay van retain the principle of

providing a protected environm: unter et al., 1993)
,-‘ :} "J-: Aok “/ =
1. Nylcrys meshes — Immobilisa e gghieved by allowing

cells to adhere to sheets of ny 30 in airlift bioreactor
Nutrie[ﬂs are  cir 1sin ﬁeam of sterile air
through(pgle culture.

TGP TaFa S

paces in the blockssonce the spaggs are filled the gells cannot
o A o G b ot o dhometes
away from growth processes, and hopefully, towards the

synthesis of secondary metabolites.

3. Alginate beads — Along similar lines, alginate beads have
been used to entrap cells. Sodium alginate is sterilised by
autoclaving and cells from a suspension culture are mixed

with it when cool. The cell-sodium alginate suspension is
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then dropped to a solution of calcium chloride; as the two
solutions mix calcium alginate beads are formed in which the

plant cells become entrapped.

All these methods aim towards increasing the degree of cell-to-cell
contact whilst limiting growth and maintaining a relatively easy-to-manipulate

bioreactor culture. However none of these systems has yet resulted in any

4. i 01 Ass and i iomass levels

< Reducmg problems ,t._;;.: ‘asaggregates, wall growth, or
foan

6. Increaﬂmg . i laﬁ cell

7. Stimulating.the secondary metabolic production.

Seleaedﬂ L& VAL VLANELAL) Qertoiies anc

immobilisation methods have been studied in planticell and tissuéieultures are

resen®RepSN N 713 U URINETA Y
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Table 2 Selected examples of plant species, secondary metabolites and

immobilisation methods have been studied in plant cell and tissue cultures

Plant species Secondary Immobilisation References
metabolites methods
Colffea arabica methylxanthine | calcium alginate | Haldimann and
alkaloids Brodelius, 1987.

agarose Brodelius et al.,

Thalictrum rugosum berbenn\"

//

1988.
Papaver somniferum at ne » Archambault
etal., 1996.
1.10.2 Feeding of preefirsors -'a. i f atic \i
Biotransformatia i A | wough hich the functional groups of
organic compounds are modified by,__ > CE is useful tool in the study of
applications of plant cell ct tu(z. ~It is expeeted that specific modification of
chemical structures such as z,f.lj)xi ation, ester formation as well as
saponification, glycesylatio droxvyla "--::----.4--.#; , methylation and

and aldehyde functions, as

demethylation, reduct iu of double bor i

well as oxidation, can be performed more easily by plant cell cultures than by

—— ST e
Now, biotrans n and precursor
feeding and w1ldly used for commeré€ial

SRS angnaz. ...

precursor into a designated compound. These are: (Yeoman et al, 1990)

1. The culture must have the enzymes necessary for the transformation

of precursor to product
2. The product must be formed faster than it is further metabolized

3. The culture must tolerate the added precursor and the product
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4. The substrate must be able to enter the cell and the product will

preferably be released into the medium.

Biotransformation of added precursors has been studied extensively to
produce valuable compound. Known or putative precursors may be added to
the medium or injected into plant tissue culture in order to eliminate crucial

enzyme blocks or bottlenecks or to prevent compartment and effective storage
2, 1994). Simple intermediates have
%nd in vitro with the aid of

incubated with the pre7’ 1. ‘H
Selected examp = ies ecursor feeding and

11 and tissue cultures

of endogenous intermediates (Bantho

biotransformation pr

are presented in table

biotransformation products hav 1 plant cell and tissue cultures

» ___,)gl‘:u'-.e.-’

Plant species References

Vitis vinifera o alco@l nerol | Ambid

etal., 1982.

@d geramol

Nicotina taba Hirata

o s grnedlol | etal, 1994,
9 WIANNT m%%%%mﬁf

1-one, 8-hydroxy-m-cymene

Peganum harmala geraniol geranyl acetate Zhu
etal., 2000
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1.10.3 Permeabilisation

The excretion behavior of plant cell cultures varies from one species to
another, and evens in one species, from one cell line to another. When the cells
excrete their products, the product concentrations in the reaction mixture are
very low, which is an extra cost factor for their downstream processing.

Various chemical treatments can be used to permeabilise plant cell and produce

‘ ’ ,f eversible manner, so that cell can

the membrane systems , 11, enal the passage of various

release of intracellular constituents,

be maintained (Felix, 1982).

Permeabilisation
molecules into and methods related to
permeabilisation, includ it soluti high ionic strength,
permeabilisation wi d polyoxyethylene-

sorbitane monolaurate

However, the conte athy_,&f DI ISO required to stimulate release of
: 7 4 Thus, although cell
products can be recovered wmh@e of DMSO; the cells are destroyed by the

e-6f using the organic

Permeabilisation ll';as become a useful tool for increasing mass transfer

of substrates aﬂnﬁﬂ %%Mﬁ %ﬂ q ﬂ ‘j

Selected %kamples of plant species, permeﬂlhslng agents @d secondary

R RARATRARIFRETRY
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Table 4 Selected examples of plant species, permeabilising agents and

secondary metabolites have been studied in plant cell and tissue cultures

Plant species Permeabilising Secondary References
agents metabolites
Thalictrum rugosum electric pulses berberine, Brodelius et al.,
Chenopodium rubrum betacyanin 1988.
Datura innoxia Tween hyoscyamine, | Boitel-Conti
i‘ olamine | etal., 1995.

'l
ﬁ:

Elicitation is a : 3
environment with the objécti peﬂuﬁﬁm Msm and thus increasing
the production of s ‘ : '
terms of secondary ynt t icitors are “abiotic compounds or
extracts derived from bi ic: _J‘ . y the cell culture in such a
way that secondary metab Vis-ini ja | or énhanced. Phytoalexins refer to
compounds that are produced;gs.ga._ﬂbf e résponse against microbial attack.

organism known to"cause disease, or : ant-species in some other

: L ,
way, are introduced into the medium of the cell cul

w}ﬁmf ﬁagjw%).

occurs and fre
Elicitorﬁo not 1ncreaée e yield o secondary products where the

R e
alka101 in iﬁ?ﬁ e produced re and 1nhibit seeds of

other plant species from germinating, so that the alkaloid producing in plant

¢, a defence response

out-competes potential competitors for light, nutrients, water etc. Biotic
elicitors do not enhance tropane alkaloid production. Heavy metals such
vanadium have been used to elicit increased secondary metabolite production
with some success in certain culture systems. This work is also empirically

based because the mechanism by which heavy metals perturb plant cell culture



31

systems remains unknown. Only where elicitors are known to act on the whole
plant in vitro is an analytical approach to enhancing secondary metabolite

production using elicitors made possible (Hunter et al., 1993).

Recently great interest has centre on jasmine and its derivatives as
possible phytoalexins. ~ Methyl jasmonate directly induces intracellular

accumulation of a wide spectrum of secondary product in many plant tissue

cultures (Banthorpe, 1994). ' !y
5 @ and secondary metabolites
t el @ulture are presented in

Selected examples o
have been studied elicitati
table 5.

Plant species References

Eschscholtzia californica Brodelius
N 7 ipi j et al., 1989.

Ruta graveolens & | Yyeastex xides, | Koprek
E oquixﬂines, etal., 1992.
4 yfuranocoumarines
Artemisia ‘ 1 €lic l f: im Liuetal,
Y ¢ . 999.

Petrosgkinum crispun 5 utyli hthalides emeier
| etal., 1999.

Pep25 = Phytophthora sojae 25-amino acid oligopeptide
Yeast extract = Rhodotorula rubra

Fungal elicitor = Penicillium chysogenum
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1.10.5 Two-phase system

A two-phase system, which is an artificial site, added to medium so that
equilibrium is destroyed. More secondary metabolites are released from
vacuolar compartments of the cell, and traces of secondary metabolites from

the culture medium are accumulated (Banthope, 1994).

In two-phase system, one phase is an aqueous phase or aqueous

medium, and the other phase is n

ium, IS DO ase or water immiscible organic
solvent such as n-hexad B /riglyceride). Agents and
adsorbents are often W @ such as a lipophillic

carrier, ion exchanger, or ne ne al resin such as XAD, not

reducing production e@st. Ahg'sgcond. hase mus red to each substance

and be non-toxic to the€ells

Two-phase culture’system forplant gells has been used with success for

gox Of this d-is=Secondary product may be protected

from degradation in Ee culture me | as 2 esulﬂof excreted catabolic
enzymes and acids, and geéi.rled plant produgs can be moved selectively from

the culture sysﬁm%ﬂe’%%ﬁﬂ@w ﬂ ’] ﬂ ‘j

Selected %‘xamples of plant gpecies and fwo-phase system have been

wto R GO 650 ) £
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Table 6 Selected examples of plant species and two-phase system have been

studied in plant cell and tissue cultures

Plant species Two-phase system References
Vitis vinifera Aqueous nutrient medium / | Courmier and
Miglyol 812 Ambid, 1987
Nicotiana tabacum Polyethylene glycol / dextran | Hooker and Lee,
1990
2N\
Lavandula angustifolia |  Aqueous i Banthorpe et al.,
Vi 1995.
1.10.6 Cell differentiati v 5
The process of ; | iﬁe&iated through several
enzymatic regulations, whic f. 2 by the genetic make up
of the cells. The type‘an " ys an important role in
the biosynthetic even In yitro ndergo various types of
differentiation, which ev tud@érdm' - ch in the metabolic events.

Differentiation involving_organogenesis' can
k.

Cellular differentia’lti:c;n is another @tor that influences the secondary

product fonnﬂ)u E}I ‘fﬂ %rﬁﬂq %w Eﬂa{qlﬂﬁceu population,

heterogeneous gfoup of cells with fdifferent degree of differengjlrtion occurs.
0

N N3 LT

erentiations such as biochemical are not v Various
types of differentiation, which may differ from plant to plant, invariably

influence the formation of plant constituents.

Transformed plant organ cultures have proved valuable in the study of
aspects of secondary metabolism. Their advantages over conventional cell
suspension cultures lie in their genetic and biochemical stability over long

periods in culture and the potential for introducing novel genes to modify
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growth and secondary metabolism. Transformed cultures of both roots and
shoots have been developed. They are derived following infection with the
plant pathogens, Agrobacterium rhizogenes and Agrobacterium tumefaciens.
Their common mode of action is to transfer section of plasmid DNA (T-DNA)
in to plant cells and to insert this T-DNA into the plant genome where it is

expressed, transforming the infected plant cell. T-DNA encodes genes which

modify hormone metabolism of the transformed cell and diverts it into novel
routes of cellular and organ differentia e case of A. rhizogenes, the
transformed cell is induee nitiate sis, and A. tumefaciens

ow in an uncontrolled

manner to form callus ti

Selected exam etabolites have been
studied cell differentiati

table 7.

res are presented in

Table 7 Selected examplesfof plant s
ﬁ_.___
been studied cell differentiation in plant ce

TR

condary metabolites have

1 tissue cultures

Plant species &~ ndary 14 References
Rosmarinus officina zs-.:'- j ' Webb et al., 1984
|
Mentha citrata linalool, linalyl acetate Spencer et al., 1990.
Qs
R T T
QU E'J rJ alma 1n?1:?;ntine | 1993.

RN N SR TR

Pimpinella anisum frans-epoxypseudoisoeugenyl | Santos ef al., 1998.
2-methylbutyrate, geijerene,
pregeijerene, zingigerene,

/Sbisabolene
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1.10.7 Use of adsorbent

According to secondary metabolites especially essential oils in intact
plants are accumulated in specialized secretory organs, and these can not be
formed in callus or suspension cultures, so some adsorbents were used for
helping collected them. The adsorption of the compounds to polymers is based
on physical and chemical parameters of compounds and adsorbents. Purge and
frap is the method refereed to th \ f collecting volatile oil in an air
stream by trapping them @ %n the outlet stream, then

desorbing them by the SWS so@hoﬂﬁl_\';for trapping, a number

of materials are available and=s d cologieal cheémistry, e.g. Porapak Q
(ethyl vinyl benzene- | enax GC (2,6-diphenyl-p-
phenylene oxide pol ' ice (Faldt, 2000).
The sampling result i§" relate ' S Nrbent materials and
depends on the pore sizg g 8 polymer. Compare to
Tenax GC, Porapak Q cai of analyte, or different

into glass tubes and. collectin : from callus and suspension culture.

After using this techfiique, the collected v increased.

111 EssentlﬂuﬂquJV]ngqﬂj

Essentlal%ﬂs are the odorous principles found in various plant parts.

Becaus O 3 PGP 3 aR 4 B Aol rfrdipes. ey

are calledivolatile oils, ethereal oils, or essential oils (Tyler et al. 1988).

Depending on the plant family, essential oils may occur in specialized
secretory structures such as glandular hairs (Labiatae), modified parenchyma
cells (Piperaceae), oil-tubes called vittae (Umbelliferae), or in lysigenous or
schizogenous passages (Pinaceae and Rutaceae). They may be formed directly
by protoplasm, by decomposition of the resinogenous layer of the cell wall, or

by the hydrolysis of certain glycosides (Tyler et al. 1988).
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Essential oils may act as repellents to insects, thus preventing the
destruction of the flowers and leaves; or they may serve as insect attractants,

thus aiding in cross-fertilization of flowers (Tyler et al. 1988).

Chemical constituents of essential oils may be divided into 2 broad

classes, based on their biosynthetic origin (Tyler et al. 1988):
1. Terpene derivatives formed via the acetate-mevalonic acid pathway

2. Aromatic compound \Qh% W cid-phenylpropanoid route.
Many essential oﬂ&ge é&

0 and the most often found
in essential oils are mo

As seen from Fig 1 ‘,:%eranyl pyroplwphate is believed to be the direct

precursor to aﬂl%o@pﬁﬂm WHJ’S-q l?]is%nerizes to neryl

pyrophosphate before the cyclic mo%pterpenes can be formed because the trans
o AW LA TN SRR ) TR | Arter
p0531b111t;| is the formation of neryl pyrophosphate from 1sopentenyl
pyrophosphate and dimethylallyl pyrophosphate independent of a geranyl
pyrophosphate step. The intermediates in the formation of the cyclic terpenes
are shown as carbonium ions; however, the true species are probably

pyrophoste esters or enzyme-bound intermediate (Tyler et al. 1988).
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Figure 1 Biosynthetic formation of terpenes (Tyler e al. 1988)
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The principal precursors for phenylpropanoid compounds, which are found
in essential oils, are cinnamic acid and p-hydroxycinnamic acid, also known as
p-coumaric acid. In plants, these compounds arise from the aromatic amino
acids phenylalanine and tyrosine, respectively, which in turn are synthesised
via the shikimic acid pathway (Fig. 2). This biosynthetic pathway has been
elucidated in microorganisms by using auxotropic mutants of Escherichia coli

and Enterobacter aerogenes that reg

ir aromatic amino acids for growth.
|
[1

1 erythrose 4-phosphate and
pl@ted 7-carbon keto sugar,

DAHP, this compou ; L 'd

In the biosynthesis, 2 gl

phosphoenolpyruvate, rea

acid, which is then

converted to shikimic ies of phosphorelated

intermediates, yield ortant branch-point

intermediates. One bra le: Is anth . acl d then to tryptophan.
The other leads to prepHenic jacid, theylas romatic compound in the

sequence. Prephenic acid gz s. The first proceeds by

*“jﬂr ‘_li,v J.

dehydration and simultaneo ‘ deﬁ) d phenylpyruvic acid, the

direct precursor of phenyla amﬂ'c._’Eha ‘occurs by dehydrogenation and
decarboxylation to 31eld p’ﬁ‘y& yﬁ : the precursor of
tyrosine. The Q'—— ---------------- , '_: is formed by the

direct enzymatic deamination of 2, and p-coumaric acid can

originate in an analogoug, way from tyrosme or by hydroxylation of cinnamic

e thep‘”ﬁ"ﬂ”ﬁf’%e% %Jl?"'F’ﬁ NEINY
AR AN IUNRIINYINY
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Figure 2 Biosynthesis of phenylpropanoid compounds (Tyler ez al. 1988)
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1.13 Medicinal and commercial uses

Practically all essential oils consist of chemical mixtures that are often
quite which are important group of natural products with industrial interest.
They have been used in perfumery and cosmetics as aroma products; in food

and beverage as flavours, and as medicine (Tyler ez al. 1988).

Many crude drugs are used medicinally because of their volatile oil

content; however, in numerous cﬁWf)}e oils separated from the drugs
are used as drugs themselve ‘\
Xﬁiﬁi as inhalations (e.g.

For therapeutic pur
eucalyptus oil), orally and mouthwashes (e.g.

thymol) and transderms sx:;iQ ding those of lavender,

: Naromatherapy) (Evan,

d thyme have antiseptic

rosemary and bergamot 3
1996). '

The oil with a high
properties, where as Oils showing

antispasmodic activity, an

Melissa officinalis, :fosmaﬁﬁus{’-oﬁ“ il = Men piperita, Matricaria
chamomile, Foeni ..-.'_-:.-;.-.-:.;_ ---------------- fd| Citrus aurantium

(Evan, 1996). D
The fabrication of perfumes is a, multimillion-dollar.  Perfumery

materials suchﬂ Yotdiite osl/aré’ a5t Giredllh fnbt billy Tor perfumes and

cosmetic but al§¢ are essential for ‘the manufacture of soaps, E)J]etrles and

sl GARRERT 6 E R T HGB)  poios

and insecticides (Tyler et al. 1988).

1.14 Production of essential oil from plant cell and tissue cultures

Plant cell and tissue cultures, one of the biotechnological methods, have

been used for procurement natural raw material limitation.
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Production of essential oils as secondary metabolites in plant cell and
tissue cultures has proved to be difficult, and most culture have been unable to
produce adequate yields of flavour substances, possibly because of the fact that
most essential oils in intact plants are accumulated in specialized secretory
organs, and these can not be formed in callus or suspension cultures. More
often, dedifferentiation of plant tissue is accompanied by a partial or total loss

of ability to accumulate essential oi's e poor accumulation by unorganised

cells could be caused by many the diversion of carbon flux

from the secondary pathw

storage sites for the en
synthesised compounds ‘

Vasil, 1994).

f transport mechanisms or
ated breakdown of newly

0 and Constabel and

It is known that nes are ~ lant tissues, causing a
decrease in cell mem 1T ability inhibiting respiration and

photosynthesis. Also, a sagt correlation between the accumulation of

Charlwood, 1991).

A ) o 'y i
Sl A L N
= ety et -

In intact pl?l’i’ toxic c’ompclﬁl re si€red and storage at

specialised sites, ingliading glandular ha nals and schizogenous
glands, which are not f_‘and n

If there i ﬁrﬁa % W 91 ssential oils in
undifferentiateﬁgj IE fal 'to enhance the

productivity by estabhshment of artificial stora ﬁeﬂtes for them. &

1% ﬁtﬂ@ \2 f] ﬁmllm anﬂm ﬂsibly be

stimulated by:
1. Induction of morphological differentiation in tissue culture.

2. Creating of artificial accumulation sites for essential oils.
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According to this point of view, many biotechnological methods have been

utilized to enhance the yield of essential oils.
1. Selection of high yielding cell line
2. Cell immobilisation

3. Elicitation

Selected exa sential 6il prod ct: in plant cell and tissue

- AuEIngnInen
AR TN INE




Table 8 Selected example of essential oil production in plant cell and tissue cultures

Plant species

Detected compounds
o\

References

Achillea millefolium

7,
epi—C&?@NH@alerme

Citrus sinensis

Lourenco et al., 1999

Esser iam

Mentha citrate, Mentha piperita

Niedz et al., 1997

Menthone, fhei /r’ﬂ; aenthylacetate, menthol
- | Wy
. - Ly Ny

Lavandula angustifolia

Spencer et al., 1993

Origanum vulgarre spp. virens

Webb er al., 1984

Perilla frutescens

Alves-Pereira et al., 1998

Pimpinella anisum

Nishizawa et al., 1992

Santos et al., 1998

Rosa damascena

-Phenylethanol

[
ainl namnanunlh

Banthorpe et al., 1988

Rosmarinus officinalis

AP tmmpmeml 19

Webb et al., 1984

Thymus vulgaris

|2
b _QJ
AN I I8 8

Yamaura, et al.,1992

Vitis vinifera

—
Geraniol

Cormier et al., 1987
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