L disc, petiole, antha. =~
166 . 1 and axillary bud, leaf, leaf di B nther, e
dal segments of stem, apical anc: olated epidermal peel, gland ang
inter nods

. trich ’
deyen s ies is desirable f Omg
, orary root, an a species is or s
e ptéal’ O\rlililxpl;n};. A suitable explant of a SP
have been used as an €

UCCQSSful
discussed below:-
: : f cultures are -

regeneration. Various tv);}:;es 0S tem segments are used to 1n1t12fitettl’:t C;\l(t;n“sz,s ;};3 C;Jht ends o

' ik : isinfecta 5

" SFem cu:::: fvax and then sterilized with any dlsg transferred in a pre~st2?ighl
Se'?lled t‘t:rrlitllzzl:c? distilled water. Sterilized stem pleceseil1 with the help of sl }11 %
“elttrlidsish or sterilized filter paper and ends are remeov e and transferred‘{gth
glants of suitable size consisting of node/nodes are prep
dium.

(ii) Anther cultures- The anthers may be taken from plants grown inl'th}f field or in' pos
but ideally these plants should be grown under controlled temperature, light and humidjty

Flower buds of the appropriate developmental stage are collec.:ted, surface sterilizeg
and their anthers are excised and placed horizontally on culture medium. Flower buds with

small anthers may themselves’be cultured and in some cases the entire infl
been cultured. Care should be taken to avoid inj
formation from anther walls.

(iii) Pollen cultures- Pollen cultures ma
turing the anthers. About 50 anthers may be
glass rod ; the solution is filtered through

pellet is collected, washe

€ ex.
€ me.

orescence has
ury to anthers since it may induce callys

y be isolated either by squeezing or float-cul-
placed in 20 ml of medium and squeezed with
a nylon mesh of suitable pore size and centri-
d twice and suspended at a final density of 10°-

hallow liquid medium in a petridish;
o e(;vl)aixir:;xr-y:irc;lture- lfpr tenébryo culture, embryos are excised from immature seeds

: OW cabinet. Sometimeg the j il -
s‘_)aked In water for few hours before the emb yos are enenl 2re surface e
directly transferreq to culture

. yOs are excised. The excised embryos are
media. ,A—T"?ﬁ

. €en successfully cultured to obtail
: upon

excised any time soop after I‘tilizgthII)l to W]hen the embryo aborts, the ovules have to ¢
be lOSt due to premamre ab¥ k &4 a most de .

cases wh

. Th i : the zy&°
Iyo st € Ovaries are excised at H0.
(vii) Le‘aves or leaf age and Normal deyqgl : ted in vitl’
surface sterilizeq , d mordij, Cultyre. L €lopment is comple
stage of Maturity are transferre Caves of g

OOtS/

om sh

of excissign 2<7ed 0 megjr {m are separated from 5%
N, (Y Ol 4 e - Growt i on
UNg leave have more r};tzate in culture depends 3

md
of growth as Compared i
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ptl ip cul
(viii) shoot tip culture- The excise
Jtured on nutrient medi :
media. It forms adventit;
10Us roots

ecu

- Tecomell undulata

Camellia sinensis

Dalber§iA latifolin
Ziziphts mauritiana
- Flower culture

Arachis hypogaed

Phlox drumondii
Rarmunculus scleratus
Tagetes erecta
Utricularia inflexa

E- Leaf culture
Artemisia annua
Azadirachta indica

Cicer arietinum
Curculigo orchioides
Dioscorea floribunda
Lycopersicon esculentut
Oryza sativa
Rauwolfia serpentina
Saccharum officinarum
Triticum aestivum

Zea mays

G- Root culture

Albizzig lebbeck

?)egle marmelos

Valbe’ gia sissoo
"8na aconitifolia

I
Endosperm culture

D,
endrophthoe falcata
Yza satiyq

Taxi
Hus vestitus

167

kl :‘1‘(’\1( " 'S ) ' - ]
1 \\ j
JAr1Ous I) ﬂl\l

o, and regenerate into en-

Pt am
p cted €X ples of regeneration from diff
c » Y
rent explants and cultures-

B- Inflorescence culture
Brassica oleracea var botrytis
Musa species ‘
Pennisetum americanum
Sorglum almum

Triticum aestivum

Zea mays

D-Embryo culture
Arachis hypogaca

Allium cepa

Costus speciosus
Eucalyptus citriodora
Hordeum vulgare
Podophyllum hexandrum

F-Shoot tip“culture'
Atropa belladonna
Acacia auriculiformis
Chrysanthenun monifolitn
Gladiolus species

Morus indica

Phoenix dactilifera

Piper nigrum

picrorhiza kurroa

Terminnlia pellerica

Zinziber officinale
H-Seed and geedling callus

Acacia auricuhfonms
a Jebbeck
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;Ej the other methods that are Com

168 d cultures &q

jone
Apart from the above n.lentéoire:-
for culturing of plant cells/tissue ¢

\,'\;‘ Protoplast culture

.. Hairy root culture
k:'\ -

Protoplast culture s which do not contain cell walls. The req) stay

(_4sProtoplasts are the naked plant cell E.C.Cocking in 1960 when he demonstry;

become a very ;
. : f protoplasts has y lmPOrtam
) riew is the isolation and culture 0 !

e flnr;sle:\rcﬁf\:r}i\;;in the\gglm of plant biotechnology. Protoplasts are isolateq by twg
area o

i fic,
methods namely,mechanical andenzyyé, _

\Mechanical method- fﬂ/thismethQE.i.ﬂ}ﬁ,R!,§§£EREX§.E§,,_S§E§ﬁﬁ,.l!‘lflfgft-..ﬁ%?ll%all&ﬂ_e9&@

sharp knife to release the\f)rotgpla_sts.I.This,,method,, gives.poor. yie Op:r\jgp_l_a_sts fhum
no more practically used. Iti§ only a historical method ~

tof

Enzymatic method- The enzymatic method is almost invariably used now
tion of protoplasts where cells are not broken and osmotic shrinkage is minim

toplasts can be isolated from a variety of tissues including leaves, roots
cultures, callus, cel]

C le/aav\es>which can be

for the isq],.

, 11 Ditro shoot \
» the most commonly ugeq partare

4 Ugation .
iy n and d d. The
: € petridigh, J€Dnsity (1yq €Cantation method.
erted position in BOp ;. - disheg With &ently by rotatj i a2 he
ivision Within 5.5 CUbator & Paraffip film ang ni ®ach petridish. Allow t
) = ' Ioto : 1ncy i 5 an - o in-
d ==-days anq Plasts ate the petridishes in
Viokinin, . CUbCultyring o O e 1

uring of allug after o_ are Capable of dividing, undergo
Plantlets mar;l brg'(:genesls be g 0 CalluS) 2-3 ing

Maining o - The calye ferred
and ) us 1s then trans

O plantlets, Subsequently, the
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>

Peeling of
sterilized leaf

Peeled leaf
segments in enzyme

Cell wall .,
regeneration

Washing by
cgntrifugation

; Protoplasts
Plating of protoplasts

Protoplasts isolation procedure

Y8

5

-

WRY ROOT CULTURE &7 |
. dA fEIatively new type of plant culture which consists of highly branched roots cov-
Ae With a mass of tiny root hair originated directly from the explant in response to
§robacteriym rthizogenes infection.\This bacteria is able to induce hairy root symptoms.
-3¢ cultures can even grow on simple media of<salts and sugars (devoid of hormones or
- These hairy roots can be excised and cultivated indefinitely under sterile condi- )

- =1 . . .
ature of hairy root systems of parafhéﬁ/nt importance for their commercial exploi 3o

heir stable \high level production of secondary metabolites. * EpchiS e °
Tairy roc the explant material is inoculated withf a sus- ML:
" of Aerobacteriym rhizogenes.” The bacteria contains root inducing (Ri) plasmid. ThlS/L w‘}/

i -8 Senerated by growing bacteria in yeast maltose broth (YMB) medium for 48 hours %,'fj‘/

yeast : d-{
i ti 5x10° rpm, 20 min) and resuspen
enfrifugation r ion may be induced

seg-

tion jg |

/In

th :
Pengi © Production of hairy root cultures,

{
¢ -

) g "
LAY

e Y g (N

Plasr o e

__l__‘-_
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of inoculation, but in Otherg
ite

grom it(In either case, hairy oo
Cl}fs xt:z)olt?nding response of
e
i fom"'““ iy : ; Jasmid T-DNA transfer,
e l'ithin one tp_f(}_;;,, > mpoun d produ Jing P
appear within One

i ining 200
i in media containing
Addition Of("ce‘tylsyrl%::ceé) genes 0 sev 3
e Vir(Viru leared of bacteria by
. be clea
(Cultures may

infe
:~illin) The 1
: g/L ampic: (Tt a
cﬁp,llal_ggi)onn an@__SOQP gpieces Of T_DNA

e . tabo
r both of two auxin mMetar="

causes one Oe Integration alters the ssed and amino 4 p

plant genom oot phenotype is expre ines are produced.

hat tl}f th aggciﬁc metabolites such as OPIEa <"

way that s

< 1{("\‘ .
170 i ion 0 i
species a profusion '

: > Mg/,
nts with Agrobacterium rhlZOgenes

ction of Pl?ﬁ plasmid to be ingerted into the
nd Tg) ?ftranSformed tissues in such , Wa
lism O

:d metabolism is modified in such
Cl

eral passag
activates th

Hairy Roots

\Es/tablis‘hment and Maintenance of various cultures-

ystems which are selecteq
J- Callus culture (also calleg as Static culture)
2-Suspension cultyres
}-Protoplast culture-
Callus cultyre

Suspension culture

The protoplast culture can pe grown as-

The
as €allus. The

ivati ich Proliferate
Cultivat S fr.
called ag callus culty l.()n qf callyg

. OM the cells of 4 t is termed
On an apq;. explan
€. This techniqy, s gar-gelleq m

edium under aseptic conditions is
INITIATION oF CALLUS ¢ elow-
(i) Selgctio;Lof an

: ex A
Such as s%'@%{ﬁ;{gsl YOungp inothaHus Cultureg (.,
Parts, tuberg and bylbg, > or by

n be Obta;
S, root tlp alned
(ii) Preparation of an

fro r culture
S or de P any organ o

velop Ng embryos: fruits, floral

, th , -
® Xplan 1S taken and surface sterilized
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V ith t

is ~vashed with tap water and ster;
Itlﬂ e (01- 1%) SOlutlon fOr ‘15_30 mlnl
dg fer ond cut into small segments of 7.
Wi

)
| M a0
\
YPochlorijte (2%)
), 1 )
. ashed with ste
all, please refe

171
” Or mercurjc
i )1 ¢ glass distilled
1€ surface steriliza-

Lipe .

ultzed With Sodium

: ss. Fmally it is w
M. (For det

tioﬂ)' .

(i) Culmrg m;lihau The culture of the medj

g ; 3 ! lum d

Ve of stu e nutrient media reqy; e€pends
Wﬁf‘ts’ organic nutrients ~dutred should be wellu(f on the species of plant and
mor_gs cytokinins and gibberelins are ?j?jd 8rowth hormones ?rf]med and it should contain
aw(xllnnsl, ike IBA and NAA are Widelyelll gd to media acc0rdiﬁg t]c;a t%rowm hormones like
liferation. 2,4-D sed for rooting and i he objective of culture.

shoot prot L and 2,4,5-T are very n combination with cytokinins

inins are empl effective for i )
C tokin : P OYEd for the promotion of cell dj _0." induction and growth of
th Of aux1llary buds. 1vision , regeneration of shoots

efined semi solid nutrient media i
edia i
 to 6. It is poured into culture vesSSEII;E};EllII;ed aéld le of the medium is ad-
e : ’ e =
uminium foil and are sterilized by autOCIavgiEg__ with non- absorbent cotton,
r of an _explant- Surface sterilized explant is transferred aseptically to the
utrient media.

for
callus-

aﬂd grOW
The well d

.sted between
overed with al
(iy) Transfe

; containing semi solid n
These inoculated vessels are incubated in BOD incubator at the tempera-
ht and dark cycles of each 12 hours duration. After 3 to 8 days of

incubation sufficient amount of callus is produced and after 3 to 4 weeks, callus should be 4
Jant. Callus is formed through three stages of developmen

o 5 times, the size of an exp ‘ :
(&) Induction - In this stage, metabolic activities of the cell increases therefore it accu-
mulaés the organic contents and finally divide into a number of cells.
@ Cell division- In this s ell division takes place
revert to meristematic state-
(¥ Cell differentiation-
phological and physiologica

yessel
(v) Incubation-
ture of 25 % 2°C using lig

t viz-

as the explant cells

tage the active C
i.e. the mor-

entiation takes place
of secondary

differ
e in the formation

metabolites. + comes e
§ : 1 C .
Maintenance- After a perlod of tl.me lzi s o nutrient depletion a1'1d o o
' fish medtia (subculturing of callus chiefly 41° 12 |4 20 100mg I W 6 aveeks
In general, callus tissue of 5-10mm in 1(2;?1 Cilllus ig done after every 4

aSepﬁmny to fresh medium.Subculturing
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\//SUSPENSION CULTURE
AV

>V PHARMACO T ——
— oo .
e rowing systems: (t:heélmgdium whereas cells in
&~ Callus cultures are sl;)l‘;vage edonitact with
e
es and only lower cells a wer laye
Czlth:}l;eir nutrients from Ceus(jms}l1c())ot and u
g velop lino formd fro0 “from callus culture
eb litei can also be produced fro
tabo : os.
establishment of suspension cultur

n Callus

lus s its car o 2Ver
‘n feature of callus is its Capability ty
rs. The main

. . dary p]
ing a plant. Secondary pj, ,
Jtimately tfzimon %he whole it is good SOUrce for
S

duce a Suspensijg
. ithout agar) pro | nof
Itured in a liquid medlur_n }(lw;e are called as suspension CUIM@
Tissue and cells cu ( foue to many cells; the .
single cells and cells clumps o . -%
Initiation of suspension culture

: iable callus to liquid Nutrien

» ferring the fria : :

. initiated by trans - remains submerged yyp;,
CTCell suspension Cl:)lh;rrxe;;trﬁd nutrient medlum_ plan‘ct }?Zsfufells. Theretore s Cultu;e};

inegl to ;r‘:\;lércflrii igidiﬁons and ultimately theAre-::t?(fr? serves both to aerate the Cultureg

€eads 1 .

: ker at 50-150 rpm. Agitati ells, subcultyrip
arilatglg_’ted bs}; fhéoszﬁz jlfief rthe production of sufficient number of ¢ g can
and to disper SHSs Tl
be done in fresh liquid medium.

i are transferreq
It is common observation that if relatively small number of cells

i iqui il to divide wh
inoculum density) to a new medium (either static or liquid), they may fail to dj
a larger quantity of tissue transferred from the same

(low

ereas
culture may proliferate rapidly on the

/

(i)-T,hev,cultur,es,.physiological characteristics.

(ii)-The length of time and conditions under which th

failed to grow on fresh medium,

edium’ or ‘nurge tissue’ conditiong are used to grow isolated cells or proto-

Plasts. A ‘conditioned medium’ is the medium on whijch SOme tissues were previously grown

COndiﬁonigg makes the minor adjustment i, the nutriens and chemica] substances released

;rllogwi Etici:;m by the callus , promof ated cells of protoplasts. In suspen-
hundred ce|y

- cell A88regates of a few cells to a few
from specieg 10 species. |

es the growth of isol
» cells grow a isolated single cellg nd
s. Cell aggregation vary

: : agit . : is
With respect to addition ¢ Zub%tr:;% Ef P Culation of air, the system
on the stationary Phase ejthe, the " from

he cultyre, To get the growth agail
liquid medium is adgeg to the orje; aret:rlramfemd o ’ :

0
) fresh medium or more amount

pension) Constitutes 3 batch, Such culty © Bach fresh Mediy
purpose of €Xperiment. e

= sus-
S I containing culture (
°r€ grown again ap

d again in batches for the
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r o R

CEVELOPING
e CAL CALL
EXPLANT Hus - ALUS
GAR MEDIUM
Y
77
7
—_—
LIQUID
EXPLANT
SUSPENSION CULTURE

Initiation of callus and suspension cultures

i te of growth. The| cell number or biomass of a

Inb culture there is no steady sta growth. The; : (
batcﬁﬂgtumi:exhibi,trs a_typical sigmoidal curve having a lag phase during which the cell
number of -k;iomass remains unchanged, followed by a logarithmic (log) phase (Exponential

phase) when there is rapid_increase.in cell number and finally-ending in a stationary phase
en there is ra

durinﬂhi’ch,cell_number gx;@duaﬂy..declines.f--

STATIONARY
PHASE

CELL NUMBER

tch culture.
odel curve for cell number in a batc
A mode

f

fromThe ‘lag phase duration depenas main! Jasts ab

tiop ,;v hich inoculum is taken. The 108 P Ea:lim

Vary ;he time taken for doubling Q.f C? on the plan
M 22-48 hours, depending mainly
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j to an accumulation
onts and possibly doe d period, the ce]] Of clly ar
f the nutri for a prolonged p / S Mmay 4

174

on the culture by a depletion o t

> is kept 1 S

wastes. If the culture 1s e | | o |

Therefore subculturing should be d - e cel Populatlon i aitihed s
' ‘ulture- In this tecnic

(b) Continous culture: " o e e

o ) 1
ationary phas :

m a d ddi f di Stea y
i nd a lllg resn me 1u

: d mediu I h - dc
state for a lk;“g PeriOd by drainln m S“ h

culture systems are of two types- .

(i) Closed type- In closed contmousb C o
taken out for replacement and added bac
increasing.

(ii) Open type- In op

Jture, cells are separated from t.he used megj,
cu ’the culture so that cell biomass keeps ol

tinous culture, both cells and the used medium are takey, ot}
en con 4

olume is so adjy |
d replaced by equal volume of fresh medium. The replacemente ; lume s soac llt jrt:d tha
anlt Teé)s aremaiz a(t1 submaximal growth indefinitely. Further op are of
cultur
two tyPes viz. turbidostat and chemostat types.

Turbidostat type- In turbidostat, cells are allowed to grow up to a p_reselelcted turbid;
(usually measured as OD) when a predetermined volume of the culture is replaced by freg,
normal culture medium.

Chemostat type- In this a chosen nutrient is keptin a Concentraﬁqn so that it is depleted
very rapidly to become growth limiting while other nutrients are still in concentration higher

then required. In such a situation any addition of the growth- limiting nutrient is reflecteq in
cell growth.

SUBCULTURE

The growth of cell suspension culture is always higher than callus culture therefore the
should be subcultured every 3-14 days. The inoculum volume should be 20-25% of the fresh

medium volume; in any case the initial cell density of the fresh culture (just after inoculation)
should be around 5x10* cells ml" or higher otherwise the cells may fail to divide.

Estimation of growth

The various parameters use

d for estimating the rowth : h
weight, dry weight, cell number & & of cultured cells are like fres

and packed cel] volume,

Dry weight- Thi
and callus cultures, e oo ot
Y rying the cells and_ filter in an oven
Weighed in dry conditions.

: are treated wi : -15% chro’
ell sy with pectinase or 5
G Spension Culture, volumes pf 8% chromic acid an

or 5-15 minutes . The mixture is coole
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4 \ for 10 mi
IdAagltate 7 for miiiutes. The suspens;
llet is suspended in 8010n ¢ ootdined
% < (IS certrifuged, of &
» chromic acid is re-

L . nd the p¢€
70" haemocytometer. aline solution, Af
L Aft

| te
o
ell volume- This i
packed €€%. 1 is determi
ned :
4-7ml) into a 15 ml graduated Centr'fby Pipetting a know

tfuge tube, spinning '1? 2\’(;)(11”110 Ceig i

: x g for 5 min and

NS OF PL
ATIO ANT TISSUE CULTURE IN PHARMA
== \RMACOGNOSY

a days the plant tissue cul :
Juding pharmacogn ture technique is widel '
gnosy also. It's applications are y used in all the fields of bio-

n of secondary metabolites

Lr ((‘ I S S ll
\\’ Il]ll]lllc\‘, fl'L'L' (t‘]l )
e I | ¢

siences inC
_ productio

¥ Biotransformation

/3, Clonal propagation or
4} gomaclonal variation

£ Cell Immobilization

of secondary metabolites-
known that plants are an impor

pharmacy, medicine and industry.

In recent years, plant cell susp
being utilized for the production 0
udvantages over extraction from plants-
- The yield and quality Of the produc

influenced by the environment:

L The production schedule can be pre
: roduced using cell cultures %=
rtant Chemlcalsoistitue which are 1ot essential
. : 4s, steroids @

310idsl g y ot '
micals
f these cher by mani pulat

Micropropagation

y of chemicals used in

(production
tant source for a variet

It is well
d immobilized cells are

es an
e to following

ltures, callus cultur
rcial scale du

ension cu
on comme

f these gilgipjqu_i,_l,S,

istent in cell cultures because it is not

t is more cons

olled in the laboratory OF industry}

dicted and contr

" The most impo
¢h are defined as ‘thos€ cell €

?;?:liary metabolites include alkalC
dly Jo s, perfumes,colours etc. 'i"he yiel
al an:’i"ir_ than in whole plants it can - !
abolit iochemical conditions: some Cathos ' din ' hole m er p s o
] Cu‘leti:t ;evels higher (2-10 times) 'ﬂ;?;n o s can sed for in L
0 e has been prepared- Automa 7
, :uzf Sec.ondar}’ meI:abI(J)Iites. Howevel: sprn
Onc}i):nsmn cultures to increase
Ty metabolites obtained from P
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TABLE NO.3
i tivit
i armacological ac y
{in culture and their phar
ids produced 1 ]
Alkaloids proc i Actlvuy
:
. o > Antlc}bllner i
Plant species Atropine Shoot culture Ant?cancer
Atropa belladonna : Atpine St Anhcancer
| E— Vinblastine S m
L Ajmalicine 5 Amimalarial
k - ; Antimitar
- Cinchona officinalis Qul“_‘l.Ie C m
P : Colchicine : Stlmmant
| Colchicum autumnale i
i Coffea Arabica Caffi

- Root culture m
Cephacelis ipecacuanha Emihne‘ne Hairy root culture Antih erteﬂsion
Datura stromonium Scopolami S asmo] tic

S :
Ephedra gerardiana predf'me S Sﬁmlﬂant
Nicotiana tabacum NICOIUT.\E S mmour
Ochrosia elliptica Elliphclme S mesm
B Papaver somniferum Morphine ) S <
Papaverine \‘LK
| Codeine S —Sedative, Analgon-
i S
Rauwolfia serpentine Reserpine

&ﬁ%
S- Suspension culture

C- Callus culture

OF SECONDARY METABOLITES

The factors that affects the production of secondary metaboljtes are :-

(1) Physical factors
(2) Effect of nutrients |
(3) Selection of cells

T t effectiv Anthocyanin SyntheSis
arota, Linyy, Usitatissipy, ) .m()-s ) €. Anthocy ol
ght. Callys Culture m, Vitis Uniferg and Helianthus tuberosus

€ more i in [ EPhedra gerar

diang, g, I; d Peganunt
dn i : ’ 2C0polia acutangula an
Effect of temperatyy, X ght an.in dayr)}
Catharanthus rose

n se :
: 1 <ell cultyre i :::ir;d?ry g Plites Production is little studied. Work "
alkalmq Productjop increaSEd two § 1e Y clted for demonstratin effect of temperature.In dol
a o 0 d en CenS Of g p

: insted
Peratyre (16°C) Srowth rv‘\’:”S Were incubated at 16C in

3
: wi.th.;ee_fold‘glg_weﬁl Thus prod®

harmag]
—aa Produc
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Saponine& steroids produced 1l
wed through tissue culty
Plant species —_— -
Saponins _ _\_MQL. e
Aesculus hippocastamum e e
Agave insalna : Aescin
Dioscorea d(‘HM)&m =
Glycyrrhiza glabra Dm,uﬁ“‘**'
Ponax ginseng Glyeymrihizin~~ |
Cardiac glvcosides Gi“""“}; saponins
Digitalis lanta, D.purpurea —
Strophantus specics Digoxin, Digitoxin
Urginea maritime Quabain
Other steroids Proscilariddin
Holarrhenna anti i -
- Solanam mnﬁ,sz,s,;r:;ma Sitosterol, stigma lejrol, cholesterol
- Withania somnifera \S-OlﬂSOdl.nc
— Nithanolides
TABLE NO. 5
Food additives produced by tissue culture
Plant species Product
Colour
Daucus carola Anthocyanin
Euphorbia milli Anthocyanin
Vitis vinifera Anthocyanin
Beta vulgaris Betalaines
Crocus sativus Crocin, crocetin ]
Flavours
Allium cepa Onion flavor
Capsicum annuum Capsicum, capsaicin
Capsicum frutesceus ~ Capsicum, capsaicin
Crocus sativus Safranal
Vanilla planifolia Vanilla,vanillin
Sweetner
Stevia rebaudiana Stevioside
Thaumatococcus danielli Thaumatin
tobacum

bation temperature of C.sinensis or N.

tivi _
fe‘;i]y w C.mtures remained same. Change in Incu _ :

ted in decreased synthesis of caffeine and nictotine respectively.
ga p_H__rarlgch_)‘f 5 to__f_aﬂ.\Tl\

. cells are usually cultured on media havi | e e sl
" thwhlch clearly demonstrate that the pH of the growth medium can rastically in i
€ production of phytochemicals by cultured cells, e.g. anthocy_amns, anthraquinones
/35 loids etc. \Cultures of Daucus carota J)roduqed ]e{ssranthocyamn \?'hen grown at pH
ti(;l_ofn When grown at pH @"ﬁ"wgg‘gﬁgge&ed that it was because of increased degrada-
anthocya“in at higf{er pH Anthocyanin contents decreased by 90% at pH 5.5 com-

i
W s stues grown at pH 4.5.

ere are several

| pared t

o
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. ally grown on medijum,
(2) Effect of nutrients- Cultured plant cellbuarepilqs:sce):llgcultures are totipg
the elements required for their sustained growth. Il

i i d seconda
1ze primary and second
sess all the capabilities of the intact plant to synthesize p
Therefore

Containin
tent ang 84

p()s.
‘ ients such as carbohydrate, Nitrg S
it is imperative that medium mgredan ahapty! métébblism o Cumlred :
phorous and plant growth regulators affect the grov

the

ph()s.
S
production of secondary metabolites.

e]] ang

incorporated a
(@) Effect of carbon source- Carbohydrates are incorp

t 2-59, COncent
the me

; ion of phytochemicals. Ip, Cathap,
dium and are known to influence the‘productlon 0 i tharapy,
oseus cultures alkaloid content fluctuated with sucrose consC'EmFlr::;onthl;‘ ;:El:ecilum; it in,
Creased as the Sucrose concentration was increased (4'10%)-d'1m1e _y roducti Zn C.on%n_
tration of the carbohydrate source had a significant effect on ICS’SC;S nun p o ln y Dloscmea
deltoidea ce)] Suspension cultures. It was I'ECOI’de‘.?l t'hat on 1-'d° Sucros ;It)p ?mentEd Me.
dium, tissues yielded a higher amount of diosgenin in D.deltoidea compared to tiggy e,

On media with same amount of fructose, galactose lactose or starch. Cells of D

. Wn
.deltozdea with
the greatest diosgenin productivity were those grown on medium Ccontaining 3¢, Sucroge
(b) Effect of nitr

Ogen source- A mixture of nitrate and ammonium compound
all the standard media as a sourc

Seconda . and
€ generaliseq thate;yn hesn§ of anthocyanip : TY metaboliteg e.g. NAA
the mediym has adverge effects ¢ certain exten ;

M cell suspensjon cultures of
n alkg Nt increage in cOncentration of an auxin,
f cytokinipg ; - 21d conten ISsues

: 1S similar : '

concerned e.g. (i) activaty O that of aux .

s 0 g INS ag are
Scopolin ang SCopoletin jp, tll\xg fPrOduchon of me bolites . D = ¥ secon.dary meta-bOlllt;si;umr
in Catharantp,. roseus o (i SSues of tobaceg 5 Caroter. : - * 1N the tissues of Sth a e
citrifolia, shikonin of cells Mhibition o f ___enes in the cells of Ricinus, ajmalic
Of Lithogp, Nthraqu; Ones in the tissues of M ormdﬁ
tine of cells of tobacco etc
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- TISSUE CULTURE ‘

g
entioning that the con

th m

.. wor
i$ Wﬁl Jte growth of the tissues aniie;trration and comp;
(d) Precursors- Precursors are mOIOdUcuon of seco::g“o“ of plant growy 179
metabolites but perhaps with someecules Which are g; Y metabolites Vi regulators
Structury) rectly incorporated into
se

' cond-
ursors are fed o

dium they affect th
alture mec . e growth Chan
//;l'bi Bpsgy}g[am e to the cultyr ézngfcgncennaﬁgﬁs;r;hen such pre

0
ﬂddl,t}wm""' . 1 ) o
: nillylanine . '
ducbO“J Vantty ans and isocarpic acid dra gerargipyg ; Metabolites. For ¢
Precurs()rs i“Cl‘ease INCreases the ephL‘dr' C.g.
S Ine pro-

c—tares of Capsicum frutescens. Additio o
nof p o ];J}:oduction of capsaicine in
Ttur e cultures of Podophylium

- Similarly addition of

heny] Propan

But sometimes the precursor ma
Yy cause toxicity i
- n i
i aded by e;(tra cellular enzymes. Positive mﬂugce otfh z m_ed}um for the cells or may be
and Na.}?h?gyipyrlt:vate or alkaloid biosynthesis in Datura rcr;lltlhln?, phenylalanine, tyrosine
gro:dm' lntll“llle lct:!(l)l?llaz‘, 2)‘: € precursor amino acids. Once enteredc‘ilnh:}rxeesc:iist:\ecorded Wit'h
red in partments and thus may not be available for incor’I;aoreatlijoex:u"rl"si?err;f

sto
fore, the incorporation of precursors in the medium may not be encouragin
g.

Production medium- I
%a{__ o ; has been concluded from the results obtained from the vari-
ous studies ptimization o secondary product formation in cultured cells that-
of auxin in the medium particularly 2,4-D suppresses secondary

() Higher concentration
" metabolites.
(i) Lower carbohydrate level (sucrose) fa

(" arrests cell growth and increases Sec
phosphate in the
condary metabolite levels.

el in the medium en
fon.

vours cell proliferation while higher concentration

ondary product formation.
medium causes cell growth and lower

(\ii) Higher concentration of
concentration enhances sé

(i)~ In certain cases higher nitrogen lev

hances cell proliferation while

" low concentration increases secondary product forms' he stationary phase of cultures
- i0
() Increased synthesis of secondary products PO duﬁi ttoe}i;;t." il
°  when primary metabolism and cell pr oliferation ctob lite produétion or induction me-
_ ‘ etabo :

On i clusions, @ secondary ™ ‘Hons were combined. Cells
dium Wat:1 Sl:;ssl:doli abZOe‘IJ‘IiC;nal in 1977 in which the abovehczﬂftfrz:sare then transferred t0
80 . y : Jiferate rapidly and su¢ in which growth is

Wn on maintenance medium pro ferd ndary metabolleS) i m contains the
jon mediu .
th. Suc nduction 15080 (2.4-D)

grown X co
nduction or production medium (op e cﬁorgsew
ry phase @ % te, nitrogen ("°

aested or cells enter in a stationd ha
Jevels of phosprie™™ i
edium are

“me constituents but with 1ow )
tion (6-10%) in maJ
Wth cellS n te a
row™” 1t and a carbohydrate

an .

d very high sucrose concentra s
tra Therefore, if during exponential phas® © mes to halt d d to synthests of secor’
““:fened into production mediur grggites are rapi ly : : e;;f)nd product syntheslsi

en ] . meta ing the 5 Jpfu
i ey s ST o
es c , p/p
in (Q):ﬁelecﬁo;ncife:eu:- In this topic W¢ ‘“gu an; secondary ™ P
Before PT0

"Creasing the yield of cultures:
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TABLE NO.8

- HS
¢

{on of secondary me Increase (X folds)

Production of ¢ T e

Species ] Capsaicin >100
Capsicum frutescens Capsaicin 13

. " FE——
Capsicum an!r)x.mmt = Meth lxan‘thene 35

Coffea Arabica Ajmalicine \ —

Catharanthus roseus g poen <

f cardiac glycosidefsf“has proved to be 5, ingel

' . er
ion 0 G .
(i1)Biotransformation- Hydroxylation s. Bioconversions of b-methyl dlgltOXln Intg .

“application ofimmobili t cell
esting application of immobilized plan

' ili ell cultur
ieved using Digitalis Ianataflmmoblllzed C €S up to 7,
methyl digoxin has been achieved using . ,
days.
TABLENO. 9 .
0] i ilized cells ,
Selected one-step bioconversion by lmm,Obl. 1Z
: "~ Precursor ' Product : m
Cell-culture species |- - Reaction type re . S i
Digitalis lanata ﬁydroxylaﬁon ﬁ-methyl digitoxin |  B-methyl dig ; 8inate
Daucus carota Hydroxylation Digitoxigeni P:erlplogenm Alginate
Mentha species Reduction (-)-menthone (+)-necomenthol PAAH
Papaver somniferum Reduction Codinone Codeine ) Alginate & PUR
Naaa Ya¥ ¢ Y S
snePe na OV At

\

Z | / TG 8 1daed fad been
e EDIBLLE‘

Hie | Edible vaccined are (fransg

€Y plant and animal bageq Production of or those that cop.
e | tain agents that trig\ger an animals immuypne res

. Ponse. In simple termg edible vaccines are
e | Plant or animal made Pharmaceuticals ) »
e | Edible vaccines contain DNA frq
i code for a protein that is us
E,;G-**Qf\(’( liciting the body’s immune
| The concept of g:
Ment of plant biolggy Ari te UnercloPed by Arntzen iy 1990s (Head of depart
e in the beginning bu%iakinr;zic:nha‘tState Umversity). Although the idea seemed quite simple
(i g 0 i : . e .
] | demonstration of an edible vacgipe ;;:illfy fas “¢quired SOphisticated science. The earliest
rium Steptococeys mumnﬁ.ill-thagcg) € €Xpression of a surface antigen from the bacte-
al advantages of

gments from the ori

ually a surface Protein of the

ginal Pathogen. These fragments
response,

PathOgen. This is responsible for
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ly, they tri he i o
rtantly, y trigger the immunijt

th (mucosal immunity) which Y at the muceg

al s 'S g
f(. | su.rfaCLs such as those that
Irst line of defense.

-mpO

‘.) ﬁline the mOu
. the advantases there are various disadvantages of egjp]

ev

it . .
P .. a question mark in the survival :

. There 15 ¢ 7 : , val of antigen i - -
j ;rto nach & if they did will they be able to triggerg thelri‘n:l;fuacldlc conditions of the

‘nitial trials hav o ne system in right we
Although Hu_tlal e shown promising results in human s}:xbjectsullalzltbi}: tir r:()),t

dear what Wlll happen when the person comes in contactwith actual virus

) To control the d(flilogm‘(%gffe is the most difficult task. There seems to be danger that
to0 high dose cO provoke oral tolerance of an invading bacteria or virus instead of
an immune response. Also the dosage requirements for children & adults will be

accines.

different.

Plants'are living organism that change, so the continuity of the vaccine production
might not be guaranteed.

) People may develop an allergy to the fruit or vegetable expressing the foreign antigen.
er from those in humans & could affect the

il

Glycosylation patterns in plants diff
functionality of vaccines.
S the research is on its way to find the solution of

V)

above problems.
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