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Establishment of single cell cultures provides an excellent opportunity
to investigate the properties and potentialities of plant cells. Such systems
contribute to our understanding of the interrelationships and complementary
influences of cells in multicellular organisms. The pioneering attempts made
by Haberlandt (see Chapter 1) failed to achieve divisions in free cells but his
detailed paper in 1902 stimulated further studies in this area. Subsequently,
several workers reported spectacular success in achieving isolated single
cell division and even raised complete plants from single cell cultures. This
generated much interest among plant biotechnologists who recognised the
merits of applying cell cultures over an intact organ or whole plant cultures

to synthesise natural products. Using cell cultures in studies designed to de-
scribe the pathways of cellular metabolism was another aspect that initially
attracted the attention of plant biologists. It was soon realised that single cell
systems have a great potential for crop improvement. Free cells in cultures
permit quick administration and withdrawal of diverse chemicals/substances,
thereby making them easy targets for mutant selection. Moreover, the indi-
vidual cells within a population of cultured cells invariably show cytogenetical
and metabolic variations depending on the stage of the growth cycle and
culture conditions. Such variability, termed ‘spatial heterogeneity’ (Lindsey
and Yeoman 1985), has been the subject of much interest since differences
between cells in their karyotype and the ability to accumulate secondary
metabolites would manifest during morphogenesis in the clones regener-
ated from single cells. In this way the cell line selection technique can be
usefully applied to produce high-yielding cultures as well as plants with su-
perior agronomic traits.

5
Cell Culture '

A X

5.1 Isolation of Single Cells

5.1.1 From Plant Organs ‘

The most suitable material for the isolation of single cells is the leaf tissue
since a more or less homogeneous population of cells in the leaves offer
good candidates for raising defined and controlled large-scale cell cultures.
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From such intact plant organs (as leaf tissue) sing an be 'S°'ateq

using mechanical or enzymatic methods.

() MECHANICAL METHOD .
Gnanam and Kulandaivelu (1969) developed a procedure whicp,

since been successfully used to isolate mesophyll cell;s, active in hoto
synthesis and respiration, from mature leaves of sgver'a SCF;?Cleg Of dicoyg
and monocots including the grasses. Even metabollcgl y active single cg\q
from the bundle sheath of crab grass (Digitaria sanga{/na/;s) can be isolatgy
using a similar procedure. The procedure involves mild macerat:onl of 10
leaves in 40 ml of the grinding medium (20 p mol sucrose, 10 ;;l mo MgCIZ’
20 p mol tris-HCI buffer, pH 7.8) with a mortar and pestle. The homogenatg
is passed through two layers of muslin cloth and the cells thgs released arg
washed by centrifugation at low speed using the same medium.

The mechanical isolation of free parenchymatous cells can a?lso l?e
achieved on a large scale. The details of this procedure are given in

Appendix 5.1.

() ENzYMATIC METHOD ; :
In 1968, Takebe and his co-workers treated tobacco leaf tissue with the

&nzyme pectinase and obtained a large number of metabolically active'cells,

A point to note is that potassium dextran sulphate in the enzyme mixture
improved the yield of free cells (for details see Appendix 5.2). |
Isolation of single cells by the enzymatic method has been found con-
venient as it is possible to obtajn high yields from preparations of spongy
parenchyma with minimum damage or injury to the cells. This can be ac-
complished by providing osmotic protection to the cells while the enzyme
macerozyme degrades the middle lamella and cell wall of the parenchyma-
tous tissue. Applying the enzymatic method to cereals (Hordeum vulgare,
Zea mays) has proven rather difficult since the mesophyll cells of these
plants are apparently elongated with a number of interlocking constrictions,

thereby preventing their isolation,

5.1.2 From Cultured Tissues
The most widely applied approach is to obtain a single cell system

from cultured tissues. Freshly cut pieces from surface-sterilised plant or-
gans are simply placed on a nutrient medium (solidified) consisting of g
suitable proportion of auxins and cytokinins to initiate cultures. Explants on
such a medium exhibit callusing at the cut ends, which gradually extends
to the entire surface of the tissue. The callus is Separated from an explant

and transferred to a fresh medium of the same composition to enable it ‘Rﬁ
. “" o £
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to build up @ Mass of tissue. Repeated subeulture on an agar medium im-
proves the flt.'dl)l!lly of the callus, a prerequisite for rai;;in;;“'({ ﬂne’ cell sus-
pension in a Itqgtd medium. The pieces of ln\ciiﬁm'm\li;u'ndEnf\d frie;hlc\‘ C;“l‘:s
are transferred in a continuously agitated liquid mncliun{ diqpnn%nd m éuto_
glaved flasks or other suitable vials, Agitation is done by |')|;10i;\(i iJhe cUlture

flasks/vials on an orbital-platform shaker or suitable device. Movement of
the culture medium exerts mild pressure on small pleces of tissué r;réak-
ing them into free cells and small cell aggregates. Further, it éLngméritéJthe
gaseous exchange between the culture medium and the culture air, and also
ensures uniform distribution of cells as well as cell clumps in the medium.

5.2 Growth and Subculture of Suspension Cultures

Cell suspensions are clonally maintained by the routine transfer (sub-
cutture) of cells in the early stationary phase to a fresh medium. During
the incubation period the biomass of the suspension cultures increases
due to cell division and cell enlargement. This continues for a limited pe-
riod since the viability of cells in suspension after the stationary phase de-
creases due to the exhaustion of some factors or the accumulation of toxic
substances in the medium. At this stage an aliquot of the cell suspension
with uniformly dispersed free cells and cell aggregates is transferred to a
fresh liquid medium of the original composition. The timing of subcultures is
very important. The incubation period from culture initiation to the stationary
phase is determined primarily by: (a) initial cell density, (b) duration of lag
phase and (c) growth rate of cell line. The cell density used to subculture is
critical and depends largely on the type of suspension culture to be main-
tained. Low initial cell densities will prolong the lag phase and exponential
phases of growth. While initiating new suspension culture it is necessary 10
determine optimal cell density, proportionate to the volume of the culture
medium, in order to achieve maximum growth. At an initial cell density of
9-15x 10° mi=?, the cells will generally undergo an eightfold increase in cell
number before entering the stationary phase. Subcultures established with
a high inoculum rate (0.5-2.5x 105 cells mi—1) show an increase in cell num-
ber during the incubation period to a range 1-4 x 10% mi~! before entering
the stationary phase. The normal incubation time of stock cultures is 21-28
days between subcultures although cloning may occur within 18-25 days.
In cases in which the cells are in a very active state of division, the passage
length (periods between subcultures) may be reduced to 6-9 days. Cell
cultures initiated at very low cell densities will not grow unless the medium
is enriched with the metabolites necessary to grow single cells or a small

population of cells.
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5.3 Types of Suspension Cultut

opagating a smajj
5.3.1 Baich Cultures bainad sontinuously by propag sferrin it
"“-}; e cultures are maintained COMMY jid medium and tran 9
hese < .}.,\ swlum in the moving liqu lar intervals. Generally, caij
. \ \ O : )
10 a fresh mex , 250 m '
. »ensions are grown in flasks (10.0 2\)t h cultures follows a fixed patt_ern
o he biomass growth in batch es is plotted against
culture medium. The I ,'u|m~bel' in suspension cultur ting that initially the
i9. 5.1). When the ce - i ictin
\f :g"biIy.w{-\'i\s:i:bation\ a growth curve IS Obtalgedad;ipef ex%onential growth
klwxiz{!:'1~t \\qcces through a lag phase, followed d'yision The growth declines
fﬁii;_%;{nmst fertile period for active c_ell tlzat thé culture has entered
L~~p1 three to four cell generations, signalling
ail S

the stationary phase.

Stationary
[0y
w
(e8]
=
o
P4
= Exponential
w
(@]
Lag
TIME —

)

Fig. 5.1. Model curve showing different growth phases in batch Cultures.

Fora subculture, the flagk containing the s
to stand still for a fey Seconds to enable t
A pipette or a syringe with an orifice fine e
to four cells or only single cell
upper part of the cultyr

uspension culture is allowed
he large colonies to settle down,

nough to hold aggregates of two
S is used: The Suspension is taken from the
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5.8.2 Continuous Cultures
he largeasc;}lo Cultures grown under steacy state for lor 10 periods by
adding fresh medium and draining out the uged medium in a number of spe-
clally designed culture vessels are
Continuous cultures are of the ¢fo

known as continuous or mass cultures,

Sl sed or open type. In the closed type, the
addition of fresh medium is ba
cells passing through the outf|

anced by the outflow of old mediurn. The
lis p \ OWINg medium are separated mechanically
and reintroduced in the culture. Cell biom
growth proceeds. Paradoxically,

ass continues to increase as the

the inflow of medium in the opentype is ac-
companied by a balancing harve
and cells. This allows the indefi

st of an equal volume of the culture medium
nite maintenance of cultures at a constant
and submaximal growth rate.

Basically there are two major types of open (continuous) cultures, viz.,
chemostat and turbidostat. The cell growth in chemostat cultures is main-
tained steady by a constant inflow of fresh medium consisting of nutrients
(nitrogen, phosphorus, or glucose) at a concentration so as to be growth-
limiting. Other constituents of such a medium are present at concentra-
tions higher than required. Increase or decrease in the concentration of
the growth-limiting factor is correspondingly expressed by increase or de-
crease in the growth rate of cells. Thus, the desired rate of cell growth can
be maintained by adjusting the level of concentrations with respect to the
growth-limiting factor and other constituents. In turbidostat cultures, on the
contrary, the input of medium is intermittent as it is mainly required to control
the rise in turbidity due to cell growth, The turbidity is preselected on the
basis of biomass density in cultures and can be maintained by intermittent
flow of medium and washout of cells. |

A variety of rig configurations ranging from conventional stirred-tank re-
actors to bubble column and airlift systems (see Chapter 17) have been
tested to achieve good mixing and homogeneous growth conditions that
will not be deleterious to cell growth. Culture vessels are generally home
made and manufactured principally of glass and/or stainless steel. A wide
range of bioreactor configurations and sizes have been designed for contin-
uous cultures depending on the variety of plant cells. These are described
in detail by Martin (1980), Fowler (1 982), and Panda et al. (1989).

Continuous cultures, besides commercial applications, offer certain other
advantages: (a) ease of maintaining sterility over a long period of time,
(b) less detrimental effects during mechanical failures, (c) a degree of au-
tomation and (d) versatility with regard to growth conditions such as tem-
Perature, aeration, stirring speed, illumination, nutrient and growth regulator
levels. In spite of these advantages, plant tissue culturists refrain from using
continuous cultures, probably because they require constant attention and

Specially designed equipment which pose practical rather than conceptual
~ problems. '
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5.4 Culture Medium for Cell Suspensions

To obtain a fine suspension culture it is of p"m,ea'?;ﬁgig?eg the
callus used inttially be friable. Moreover, the tegtl.JrenO A vinh g ical)
controlled and very often one experiences .drfffcu yit Sl L?':hq
dispersion of cells. Manipulations in the l{F\zﬁghC&r;Sta c;ldition "o medizrr:
routine may help in tissue dissociation a :

\:‘; 24D, sr\iwa'! amounts of hydrolytic enzymes (cellulase atnd p:ﬂcggtage)a or
substances such as yeast extract, appears to have promotory N cej
O%ix:d cell dissociation may also be achieved by permanently maintai.
ing the cultures in the late lag phase by adding fresh medlurg g‘gefyetﬁ’ther
dayina proportion that the biomass/medium v.olume is kept at 2. atm émes
k may be necessary to transfer small callus pieces or cell aggreg es‘ ack
10 the agar or semi-solid medium. After two to three passages these pieces
develop into a friable callus tissue which, on transfer to liquid medium, gives
rse t spension. _

= ‘:'c:w:o?gt?c;uly??he medium used for raising a fagt-growing friable callug
should prove suitable for initiating the cell suspension gultures of that Par-
ticular species in a liquid medium. In practice, tha requirements for rapidiy
growing cell suspensions differ from those for tissue or callus cultures. For
axample, the culture medium for a tobacco cell suspension requires an in-
crease in the concentration of 2,4-D from 0.3 mg I~ to 2 mg |-, followed
by supplementing the callus medium with additional vitamins
hydrolysate (Table 5.1). Furthermore
utilised in actively growin
a limiting factor.

and casein
» the inorganic phosphate is rapidly
g suspension cultures and, consequently, becomes

Table 5.1. Culture medium for tobacco suspension culturese

Constituents Amount (mg I-1)
Inorganic nutrients As i i
Thiamine HC ' A :rc‘)edlum
Pyridoxine HC ' 10
Nicotinic acid : 5
Mycinosito| 100
Casein hydrolysate
S , 1000
Kinetin g
Sucrose ’ ' - 300000'1
pH '

: 5.7
After Reynolds and Murashige (1979). '
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.adj.ustment 01“_ pPH if\ suspension culture. B5 (see Chapter 3) and ER
(Eriksson 1965) media are specially recommended for suspgnsion culture of
higher plants. T|14986 and other synthetic media are used for initial population
density 5 x 10" cells mi=! or more. With lower cell density, the ?nedium
requires to be conditioned or enriched with various other compounds

5.4.1 Conditioning of Medium

In initi.ating cell cultures at low inoculum density a conditioned medium is
used. A sumple method is to filter out cells growing at high density from 4-6-
week-old liquid cultures and to use this medium in drops or as thin layers to
culture single cell/cells at low population density. The principle of condition-
ing followed by Torres (1989) involves the separation of a high-density cell
culture from a low-density culture medium by a barrier that permits the dif-
fusion of solutes and air. A high-density cell suspension (the nurse culture)
kept inside a dialysis tube (Fig-5:2) is suspended by means of a thread
or rod in the flask containing the culture medium with low cell density (low-
density medium). The metabolites produced by the nurse culture diffuse into
the low-density medium, thereby increasing the latter’s growth-promoting ac-
tivity. This meets the conditions of growth for low cell populations since the
necessary substances that may not be found in the low-density medium are
released into it by the biosynthetic activity of the nurse cells.

High-density cell
suspension culture

Low-density cell
suspension culture

Fig. 5.2. Apparatus designed for con_aitioning of a low-density cell culture medium (modified
from Torres 1989).

5.4.2 Agitation of the Medium : -

Suspension cultures require constant agitation of the medium for ade-
‘quate aeration. This also facilitates dispersion of cells. It can be achieved
using a shaker and suitable flasks. Muir (1953) was the first to introduce
the orbital-platform shaker for growing suspension cultures of tobacco and
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iwh i hangeablg cli
is fitted with interc Py

1. The platform of the shakerfsf;:;iing speed of 30-150 rp, s
Tagetes erecta. The pl 1 : .
Tagel S (‘-(t » size for holding the flasks re also used which have 5 Q'Sc
of appt O'l\‘!ld :{\;t“tig‘QueQ ROIBW shakers )aby a shaft. About 10 m| medlu
oD imut M MOST lIssues., i
S?, 4n~':{:‘h; rotated at slow speed (1-2 rIDm(12.5 cm long and 3.5 cm diame,
vl g DOy R A saoh tiiD mounted near t,
i ﬁlS!\L"'ﬂsed 1!1 ;q:\:wé(‘lk (1.7 cm diameter) an from the neck and its moyt
ter) :w;vmg a \w:‘: th’e inoculum introguced tes, the cells and tissues arg
Margin of the ¢ I;tc'n lug. When the disc rota ﬁe’reby exposed 1o both
alternately bathe air. Sometimes the tubes a.control foe regulating
trients and the CL;LtUTreb tal and rotary shakers have
nipple flasks, Both o
the speed.

i res
5.8 Synchronisation of Suspension Cultu

in size, shape, DNA and nucleg,
cells in suspension cultures vary greatly in onsiderably within individug
tent. Moreover, the cell cycle time varies ¢ ThiS variatios com.
o ofroere céll cultures are mostly asynchronqus. b o,
A The;edies, of biochemical, genetic, physiological an T iy
p;lca;‘esmse;bo"sm' Hence it is essential to manipulate the th. ¥ Gokaren
?iér?s in asynchronous suspension culture in_orde; ti?\ a;ﬂ;i;etr?e Ir?uajorigl of
f ronisation. A synchronous culture is ong : :
2;1!sgr;:r2;8d through each cell cycle Phase (G, S, G, and M) Simuita

neously. Synchronisation is expressed as percentage synchrony of cells in
Suspension cultures, The methods employed to
Suspension culture

O Categories: physical ang

chemical, ‘
5.5.1 Physica/ Methods

Physical Properties of cejis (e.g. size of individug] cell/small el aggre-
gates) or environmentg| growth conditiong (light, ®Mperature) can be monj
toreq successfully to achieve a high egree of Synchronisation Some of the
physica methods helpful in achieving Synchrony are
() SELECTION BY VoLume

Synchronisation ay be achieved o th
cell aggregates Present i

4 e € basis of Selecting the Size of
€ finest 0ssible
Proved Successf ° i

Or Carrot Pension Cultures, This
uspens;i
99regates jgojate Were in aarkonSION Cultures to the extent that
dure fojiq d

: 'YOogenic Stages The proce-
' Or selection of cgl| ; ' P
technique jg Jiven in endix 5,3 "90regates *Sng the . ractionation
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(Il) TEMPERATURE SHOCK
. A a - i b ‘ .
| LT‘"“,’\EC',“,““',“,‘“'f‘; sl}«\(,lxs combined with nutrient starvation are reported
to induce synchronisation of suspension cultures. This approach (see de-

tailed procodum N Appendix 5.4) is now widely followed to increase the
degree of cell synchronisation,

5.5.2 Chemical Methods

Cell cultures are starved of a nutrient or supplied with a biochemical in-
nibitor to prevent cells from completing a cell cycle. Through this approach
the cells are first arrested at a particular stage of the cell cycle and, subse-
quently, allowed to undergo simultaneous divisions either by supplementing
the starved chemical or withdrawing the inhibition.

(I) STARVATION ,

The principle of starvation is based on depriving suspension cultures
of an essential growth compound leading to a stationary growth phase.
Resupplying the missing compound is expected to induce resumption of cell
growth synchronously. This procedure has been, very effective for sycamore
(Acer pseudoplatanus) suspension cultures. Cultures starved of nitrogen,
phosphorus or carbonate, result in the arrest of cell growth during the G, or
G, phase of the cell cycle. After a period of starvation, when these growth-
limiting compounds are supplied to the medium, the stationary cells enter
divisions synchronously (see Appendix 5.5). Growth hormone starvation is
also reported to induce synchronisation of cell cultures.

(Il) INHIBITION

Synchronisation is achieved by temporarily blocking the progression of
events in the cell cycle and accumulating cells in a specific stage using
a biochemical inhibitor. On release the block cells will synchronously en-
ter the next stage. Inhibitors of DNA synthesis (5-aminouracil, FudR or 5-
fluorodeoxypurine, hydroxyurea, TdR or excess thymidine) in cell cultures
accumulate cells at the G,/S boundary. Removal of the inhibitor is followed
by synchronous division of cells. The procedure for using, a biochemical
inhibitor to obtain synchronisation of cell cultures of Haplopappus gracilis,
soybean, tobacco and tomato is described in Appendix 5.6.

() MroTIC ARREST
Colchicine has been widely used to arrest cells at metaphase. Suspen-

sion cultures in exponential growth are supplied with 0.02% (w/v) colchicine
for 4-8 hr in order to inhibit spindle formation. Longer colchicine treatment
leads to an increased frequency of abnormal mitoses and chromosome
stickiness. Colchicine should be filter-sterilised and only shorter duration
treatment is recommended. This technique has been used for synchronisa-
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ikelihood of colchicing indye;,
tion of Zea mays suspension cultures but the M(('mitr';() );%ynr Aronous cufty,,.”
I N fl.l‘,A y e o ) ) o A 3% > L ’:,.
genomic changes raises the possibility of obtaining

5.6 Measurement of Growth In Suspension Cuﬂuf::an be BCCOmplihe,

Assessment of the growth in rmr;pemif;p cuhu:f ’Tlh o6 include: (é) c;;/
by following selected parameters at regular intervais, qu;ﬂ ITeNee of c'e/}'.
counting, (ii) packed cell volume and (c) fresh/dry well :
and cell colonjes.

5.6.1 Cell Countin etormina
Cell count is g relatively more accurate measure adoptt;grgoted; rr:rrtno';:r
the growth of cultures. Increase in cell number depenqs ng ool et a
ndex (MI) of cells in suspension cultures. Dgtermlnatlon' Vol cany ca'u
simple but tedious procedure since suspension culture§ In hoct e céll
colonies of various sizes, Therefore, it becomes gsser}t:al to fir : ;(73 ”
aggregates by treating them with 5-15% chromic acid or peCtlnahSG b. 6
wiv, pH 3.5). The procedure described to count sycamore ‘cells as been
found suitable for cell counting. To 1 volume of cell suspensior culturg may
be added 2 volumes of 8% chromic acid (trioxide) solution and the ml)fture
heated at 70°C for 2-15 min. The mixture is cooled and then agitated vigor-
ously for 10 minon a shaking machine. The suspension is now centrifuged,
the chromic acid poured off and the pellet resuspended in 8% saline (NaCi)
solution. After 10-15 min free cells are counted on a haemocytometer. Heat-

5.6.2 Packed Cell Volume (PCV)

For PCY determination a sma| sarmple (10 ml) js removed from the .uni-
formly dispoged sus '

Preweighe (wet) circular filter of nylon fabric

th distill
8 eweighed along With the celg, ed water under vacuum and

5.6.4 Coyf Dry Weigh

A Procedyre Similar tq that for fres

cell dry wej h Wweights s f -

60°C. After %f;toiﬁceft that the filter discs arg dried C;::OWed 2 determmmg

rower NG in g esiccator taining i o0 OVen for 1o hr at
eighed ang the ¢ Maining Silica gel, t

0 p
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5.7 Viabllity of Cultured Cells

The growt ) . ar
hi .‘?5,;3: hl‘h’\:'q '“"'!'i"‘“‘ I8 largely dependent on the viability of the cells,
wu: B i ) ( .,.-?ui by microscopic examination of untreated cells or
after staining them with substitute chemicals. These include:

5.7.1 Phase Contrast Microscopy

L.ytoplasmu.t st!'oaming and the presence of a healthy nucleus indicate
that the cells are viable. Phase contrast microscopy is recommended as it
is difficult to observe these aspects in unstained cells under a bright field.

5.7.2 Reduction of Tetrazolium Salts

Thi§ test is used to measure respiratory efficiency of cells by reduction of
2.3 54riphenyltetrazolium chloride (TTC) to the red dye formazon. Formazon
can be extracted and measured spectrophotometrically.

5.7.3 Fluorescein Diacetate (FDA) Method

The FDA method offers a quick visual assessment of the viability of cells.
Stock solution of FDA (0.5% w/v) is prepared in acetone and stored at 0°C.
Viability is tested by adding this solution to the cell or protoplast suspension
at a final concentration of 0.01%. For protoplasts an appropriate osmotic
stabiliser is added to the FDA solution. After 5 min incubation the cells are
examined under a microscope with a suitable excitation or suppression filter.
FDA, though non-fluorescing and non-polar, is cleaved by esterase activity
inside the living cell, resulting in release of the polar portion of fluorescein,
which fluoresces under UV. Since fluorescein is not freely permeable across
the plasma membrane, it accumulates mainly in the cytoplasm of intact cells
and thus becomes distinctly visible. In a dead cell the fluorescein is lost and
remains invisible. Under UV light fluorescein gives a green fluorescence.

5.7.4 Evan's Blue Staining - '
This simple procedure is usually used as a complement to FDA. A dilute

solution (0.025% w/v) of Evan's blue dye stains the dead or damaged cells
while the living or viable cells repel the dye and remain unstained.

5.8 Culture of Isolated Single Cells

Free cells isolated either from plant organs (mesophyll tissue) or cell
suspensions are grown as single cells under in vitro conditions using a
suitable medium. This process, called plating, is of particular importance
when attempting to obtain single-cell clones. Success in the culture of single
cells, therefore, depends on the technique and various factors affecting cell

plating.
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5.8.1 Plating Technique is the most popy

The technique developed l)); ?ﬂers{m:n‘? E‘(:PQSSL ;'389 Adnctin lint)Ji gmzrd ?une

. \ 2 (Fig, 5.3). Free cells are ;

for plating of single cells (Fig. 5.3 ' atl . Equal voly
ory e LY finally desired plating cell density. Eq meg, of
at a density twice the i (Iy lls and a melted (30° to 35°C) agar mediym
the media containing single ce o ‘ F i insuch a
(0.6-1%, w/v) are mixed and rapidly spread outin petri glirr:iislayer c 1mr:n~
c{n';, ﬂﬁ(‘nw cells become fixed in an ev?g!¥ CgSt'rrlr?Utg'shes are goaie witnt:
NGY) ater the aoar has cooled and solidified. e di
thick) after the agar has coole ' . 5°C. Free cells cq

4 e i dark or diffused light at 25°C. n
paratiim and incubated in the individual cells or their
. i iqui dium but follow-up of indivi :
also be plated in the liquid me t remain i
derivatives is difficult in this procedure because the' cells l?l?r ensoare filterelg
a fixed position. It is important to note that suspgnsmn (lzlu R T et
aseptically through a sieve that allows only the.smgle Ze S req
ture 10 pass through; the cell aggregates are discarded.

5.8.2 Plating Efficiency (PE)

The plates or culture dishes may be observed under an ;:uvefr;eed "rg::krg;
scope and single cells marked on the outsu.de of t.he plate with a i iy
to keep track of their regeneration potential. 'ThIS ensures the |s;) ation o
pure single-cell clones. In preparing cultures, if a known volume o suspen-

sion is transferred to each plating dish, it should be possible to assess the
PE quantitatively using the formula: '

£ Final number of colonies/plate « 100
~ Initial number of cell units/plate

Usually, plating at cell densities of 10%-105
high plating efficiency. Other parameters fo

(@) Using a conditioned medium or synth
growth from a low initial density,

(b) Avoid plating cells held too long in stationary phase;
(c) Harvesting i ' :

cells mI=" or more yields a
r obtaining a high PE are:

etic medium designed to permit

Perature should never exceed 35°C,
diffused light or darkness,

5.8.3 Medium ang Technique of Low-

Density Ceyf Cultures
(1) MeDiuw : |
Efforts have been made 1o develo i
: as '
oW density, Gop Plated i g oy P @ synthetic medium for cells plated at
lites; when their co

€ medium Synthesise neces
Sary metabo-
process of eellg re::;es?:amfageoé}ﬁgsai t?reShO'd ol a cel divides. This
equilibrium jg reached 050 (s ce;?soatr:‘; medium continues until an

the medium, At initial high

g
bet

@ Scanned with OKEN Scanner



63

p _Sieve

QRARONNS MKHHUHUJH _Filtrate with single

L___LT__L_A BVDAN cells and cell

cell suspension agqregates

Molten agar
medium

Cell colony
e
SRR
¥ Cells ploted at o low population
density
TOP VIEW
|

TV e T g ey e
it o]

Culture dish sealed
with parafilm

Fig. 5.3. Steps involved in Bergmann's technique of cell plating.

cell density the equilibrium is reached much earlier than at low cell den-
sity. Below a critical cell density the equilibrium is never reached and the
cells fail to divide. This impediment to cell division, i.e., the population effect,
can be overcome by supplementing the minimal medium with such unde-
fined factors as coconut milk, casein hydrolysate and yeast extract. Various
media developed for culturing isolated mesophyll cells are summarised in

Table 5.2.

(Il) TECHNIQUE

(a) The filter-paper raft nurse technique. The principle of this technique
is similar to the conditioning of the culture medium described under Sec-
tion 5.5.1. The basic difference is that a callus is used in place of the liquid
medium to nurse the culture of an isolated single cell. Individual cells from a
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susperwslfog Cl‘.ll‘t.uwre‘ or callus tissue (e.g., tobacco, marigold) are placed by
means O " b‘“““":P'Pe“e or spatula on top of an actively growing callus but
separated by a filter-paper raft (see Fig. 1.1). After some days 2 cell, which
normally fezlls to divide in the culture medium, is able to grow under the
nurse effect of the Callgs.. The whole operation is done aseptically and cell
wransfer should be rapld_ in order to avoid excessive drying of the cell and
raft. F)pce a macroscopic colony develops from the cell on the filter-paper
raft, T 1S traqsferred to an agar medium for further growth and maintenance
under aseptic conditions. This method is now widely used to clone isolated
single cells (see Chapter 1).

(b) The microchamber technique. De Ropp (1955) made the first attempt
to culture single cells in a liquid medium using hanging drops. Success
in obtaining divisions was limited up to the formation of aggregates of 10
cells or more, which could not meet the ultimate objective of raising clones
from isolated single cells. Jones et al. (1960) accomplished this goal by
developing the microchamber technique. In this method (Fig. 5.4), a drop
of the medium carrying a single cell is placed on a sterile microscope slide
and ringed with sterile mineral oil. Again one drop of mineral oil is placed
on either side of the ringed culture drop and a cover glass placed on each
oil drop. A third cover glass is then placed on the culture drop bridging
the two cover glasses. As a result, a microchamber is formed enclosing
the single cell aseptically within the mineral oil. The oil prevents water loss
from the chamber but permits gaseous exchange. The microchamber slide
is now incubated by placing it in a petri dish. The cover glass is removed
as soon as the cell colony becomes visible to the naked eye and the tissue
subcultured by transferring to fresh liquid or a semi-solid medium.

The microchamber technique enables visual monitoring of the divisions in
an isolated cell. This method has been applied to raise a complete flowering
plant of tobacco from a single cell in a culture medium containing mineral
salts, sucrose, vitamins, Ca-pentothenate and coconut milk (see Chapter 1).

In conclusion, reasonable progress has been made to develop the meth-
ods of cell culture from most plant tissues. It is now possible to nurse isolated
free cells in vitro at increasingly low plating densities under defined condi-
tions. Due to the occurrence of a high degree of spontaneous variability in
cultures, cloning of individual cells has the potential for application in mu-
tant selection and synthesis of natural plant products. These aspects are
detailed later in Parts Ill and IV.
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ol " nd physiological ab Issue culture plants generally show SOme
gtrd ural @ nd anatom ba normalities which inicude: () abnormal le2f
morphqmgy - ¥inuila y, (b) poor photosynthetic efficiency, (¢) marked de-
qrease epiClla: s rhwax and (d) malfunctioning of stomatz. These charac-
eristics as well 8s ta I‘:temtroph;c mode of nutrition and a poor mechanism
o Water-1os® °°; '°k urther render micropropagated plants vuineradle 10
rans jantation SNOCXS. Therefore, the transfer of individual plantiets 10 &
ing mix and their acclimatisation under greenhouse conditions require

ofting * ™" )
516 appllcatlon of various methods to harden the plants/shoots for trans-

p,antation.
plants aré transferred to the soil usually after the in vitro rooting stage.

However, the infiuction of in vivo rooting of cultured shoots may be more
e(;onomical beS{deS producing good quality roots. It is essential that the

er pars of tissue culture plants/shoots be washed thoroughly before
ineir transfer to the potting mix (pumica, peat, vermiculite soil, sand, of their

itures in different proportions). Transplanted plantlets or shoots aré im-
mediately irrigated with an inorganic nutrient solution and maintained under
high humidity for the initial 10-15 days. This is required because plantlets
during culture are adapted to almost 90-100% humidity.

High humidity can be built up around transplanted plants by covering
them with clean transparent plastic bags having a small hole for air circu-
ation. The size of the hole can be enlarged after two weeks in order 10
reduce the humidity. This enables shoots to adapt well 1o greenhouse Con-
ditions and to establish functional roots. Partial defoliation of plantlets and
application of transpirants (1% Acropol, v/v) in the initial stages of transpi-
ration reportedly improve the survival frequency due to reduction in water
loss by plantlets. Most commercial laboratories these days have comput-
erised hardening rooms with controlled conditions of light, temperature and
humidity.

Direct transplantation of cultured plants (rice, tobacco) to the field has
also been tried, Transplants survived with high frequencies provided a thin
film comprising 50% aqueous glycerol and grease of paraffin (melting point
52-54°C) in an equal amount Of diethylether, is applied on the surface of

leaves with a brush before transplantation.

ropagation on a large s
proP ge scale can be successful only when plant
e
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A major shock to plants, following transplantation, is the Change from
substrate rich in organic nutrients to a substrate Providing most i”°fga _
nutrients. Attempts have been made to harden the shoot system by ing iy
ing autotrophism and development of surface wax on in vitro formed | .

Increase in the epicuticular wax deposition could be induced e
posing cultures (cabbage) to CacCl, or covering the medium with
of lanolin (chrysanthemum, cauliflower). These treatments also h
ducing humidity. However, CacCl, or lanolin may prove detriment
growth and development of plants. The relative humidity (RH)
reduced by opening the culture tubes inside a desiccator with C
desiccant. This approach resulted in hardening of the tissue ¢
of carnation in vitro by development of wax after seven days.

then acclimatised easily and had 3 higher survival rate (96%).
Tissue culture plants of tree-legume species (Leucaena ley

€a
ither byvzi
a thin |ay9r
elped in re.
€an alsg pgq
aSQ, as the
ulture plgns
These Plantg

sequently the caps removed to maintain plants under contro
of light and temperature (25 + 2°C and 18 Wm~=2) for anot
before their final transfer to the field.

Storage organs have been induced in cultured shoots of several Species,

her two weeks

in vitro. The advantage of in vitro tuberisation is that the additional step of
rooting the shoots is altogether eliminated. A well-known example is the pro-
duction of aerial tubers by cultured shoots of potato under the influence of

curin the presence of activated charcoal, while a high sucros
appeared critical for in vitro cormlet formation in Gladiolus shootg, Transplan-
tation of micropropagated plants of Gladiolus has been a serious problem,
Corms developed in vitro can circumvent this problem as they show high

germination (75-80%) under field conditions (for details and references see
Bhojwani and Dhawan 1989)
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the development of methods 'l(lu‘lll i;)l l-,‘l‘lln loy,
of somatic embryos to «‘lh\""'l Ji(" o ,‘”f',“‘”‘vn
under field conditions as ',;\'l\" ‘:" 'n.ml;l(,ll.“("i"'l‘
seeds, Research ‘\rn};l’.\l“""“"' 1(]\1"'}’08(‘!1(‘"')” ‘
artificial seeds via somatic (-:'mll(‘l‘(’)l;q ’:"S '
respect of commercially impOrass=TEES woy

reased agricy
not only contribute to increased ag ltllra

r basic know]g,
sroduction, but also add to o hicl |
} el sms which Contrg,

of the regulatory nfcc‘lu::::iation. The conge t
plant growth and d‘m'rtulation of protocor,..
is now extended to encaps buds, etc. which cg
like bodies, shoot tip, shoot ;l Loh 20 05) n
be used as clonal seeds (Khor an RN
Synthetic seeds, consisting 0 y OrEath
embryos enclosed in a protective ;gahl ng,l av?
been proposed as a IIO.W'COSt- '8 d-vo zlme
propagation system. The inherent a Vafm ages
of synthetic seeds are the production o Many
somatic embryos and the use of conventiona]
seed-handling techniques for embryo ’dellvery.
The objective is to produce clonal ‘seeds’ at a cost
comparable to true seeds. Two types of synthetic
seeds havebeen developed, namely, hydrated and
desiccated. Redenbergh et al. (1986) developed
hydrated artificial seeds by mixing somatic

embryos of alfalfa, celery and cauliflower with
sodium alginate, followed by dro

G Scanned with OKEN Scanner



‘——-—-—'1

3\ embive suspension an 1 8%

2 3 POATR oY )
solvethviene oxide (polyoy WSR \i‘ -
t . . ' KN
:phﬂ‘!l\ resin, which subep

SOtion  of

S0), a

- s Water
wembrvonie desice -qlﬂl ntly dy ted

pONVETTRTE A aeswecated wafters, The

! » 3
o z*t‘t‘«’}"‘“‘l:"&‘t“ embiyos wae turl
as 1 5

to form
Sutvival
ot ‘\xjhi(\,\r(.d
s with 129
l\v ~‘ e -

y( \l“m)\; at

by embryo hardening’ trealime
Fl'“.r;_;p or T0°M ARA, followed
wigh inoculum density,
~Calcium n!ginalo' capsules
;\w‘\_j\‘ihl‘r and are di“‘ik"l!l“ n‘l\:.\h"l\:‘\‘:{(:l\ N SORR
they lose \\'M_t‘l‘.mpid]y and dry dowy
nard pellet within a few hours of ex 0 -‘ TO .
ihe atmosphere. These problems c.ml.bzm((“f .
by coating capsules with Elvax 4260 (etl\ol e
vinyl acetate acrylic acid telrapo\ymeg QSQ
pont, USA). From a practical sowing situ'at' N
it is necessary _tO produce high and unifcl::::;
quality synthetic seeds at large scale. For this
an automate encapsulation process has been
geveloped. Its protocol has been described b
Onishi et al. (1994) and Sakamoto et al. (1995§'
processes for use of microcapsules (that releasé
sucrose inside alginate beads), or self-breakin
beads, pharmaceutical type capsules, ang
cellulose acetate mini-plugs, have been recently
developed to promote sowing of coated somatic
embryos as artificial seeds as well as their
germination in non-sterile environment, such
as in greenhouse or directly in the field. These
techniques of embryo coating are summarised
in an overview of synthetic seed germination by
Dupuis et al. (1999).
Another delivery system for somatic

because

Somatic Emanvocenesis 83

M eitro germinated to produce viable plantlets
though limited (4%) in number. Senaratna et al.
(1990) treated alfalfa somatic embryos with ABA
at the torpedo to cotyledonary st.\ées in order to
h\.l'\'(_‘i\f:\‘ their tolerance to desiccation. Over 60%
of such desiccated embryos germinated when
placed on a moist filter paper or sown directly
onto sterile soil and formed plantlets. Heat-
s\\oclf treatments, osmotic stress and nutrient
deprivation also induce a degree of desiccation
tolerance comparable to that conferred by ABA
treatment and have no detrimental effect on the
subsequent growth of the plantlets (Thorpe and
Stasolla 2001). For efficient methods of synthetic
seed productionand itsconversion to plantlets for
clonal propagation in Catharanthus, Dendrobium
and Stevia refer to Maqgsood et al. (2012), Siew
et al. (2014) and Nower (2014), respectively.

7.5.3 Source of Regenerable Protoplast
System

Embryogenic callus, suspension cultures and

somatic embryos have been employed as sources

of protoplastisolation for arange of species. Cells
or tissues in these systems have demonstrated
the potentiality to regenerate in cultures and,
therefore, yield protoplasts that are capable of
forming whole plants. Embryogenic cultures
are especially valuable in providing a source of
regenerable protoplasts in the graminaceous
coniferous and citrus species. Attempts &
achieve regeneration of callus or even sustaine
divisions in mesophyll-derived protoplasts ¢

embryos for obtaining transgenic plants is fluid- ; , X

drilling. Embryos are suspended in a viscous- \G]ra?mlt;z;%prto ved ;nsucces;ful unn'l Vas?tan

carrier gel which extrudes into the soil. The asty (1986) urne to embryogenic cuitut
obtained from immature embryos of pei

primary problem in fluid-drilling is that the . :

. ) millet (Pennisetum purpureur) as the source
sucrose level necessary to permit conversion ¢ h ltu
also promotes rapid growth of contaminating protoplasts. Protoplasts from these <4
mi : : n tic system. Gra were induced to divide to form a cell m
I;CBEO-?rgarélsg stm a n(:. -asell)) €5y p ) h ré, from which embryoids, and even plantl
50 %m I a ls et erlrjl Fyos: Of ,Onha ¢ Te enerated on a suitable nutrient medil
prags « (Dactylis & omerata) became quiescent g iar guccess was subsequently reportec

;vl:/en des.i fuatee i.n gmpty plastlc Pe;n Jishes actl other workers with embryogenic suspensic
0% relative humidity at 23°C whic amounted  po i maximum, Pennisetum purpureutt,

to loss of 13% water. However, after 2L days of - cpyin0 - goochanum officinarum, Lokium per

storage, desiccated embryos when rehydrated 10 grundinaceae and Dactylis - glom
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~Medium containing mineral salts,
SUCTose, vitaming, Ca pentothenate and coconut
milk (see Chapter 1),

3.8.4 Bioreactor for Large Scale Culture

Mostly large scale cultiv

ation of plant cells has
been ad

vieved as continuous cultures, which
requires bioreactor configurations of various
sizes (see Section 5.3.2). A bioreactor i a glass or
steel vessel fitted with probes to monitor the pH,
temperature and dissolved oxygen in the cell
culture under aseptic conditions. Bioreactors
have found increasing applications in industrial
production of valuable compounds (Scragg 1994,
1999, Eibl and Eibl 2008, Ruffoni et al. 2010). The
details of design regarding bioreactors used in
cell cultures are discussed in Chapter 17.

In conclusion, reasonable progress has been
made to develop the methods of cell culture
from most plant tissues. It is now possible to
nurse isolated free cells in vitro at increasingly
low plating densities under defined conditions.
Due to the occurrence of a high degree of
spontaneous variability in cultures, cloning of
individual cells has the potential for application
in mutant selection and synthesis of natural
plant products. These aspects are detailed late
in Parts [l and IV. '

The plant cell cultures currently have
increasing role in large-scale productiqn
of pharmaceutical proteins. Prota!lx
Biotherapeutics develops recombinant proteins
and produces them in plant cell cultgre.
Teliglucerase alfa is reported as the first
biotherapeutic protein expressed in plant cells
and is now under approval for commercial use
in the world. Other therapeutic proteins being
developed for production in plant cell cultures
and major milestones reached by P.IOtahX
biotherapeutics are summarised in a review by
Tekoah et al. (2015).
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