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LA ALUALLAGS

The followiag abbreviatioas have beea used in the
tables, plates & figures.

YE Yeast extract
M Malt extract
cH Coconut =i lk

2,40 2, 4=dichlorophenoxyacetic acid

‘aphthaleas acetic acid

ladole acetic acid

2, Beazo thionelyl oxyscetic acid

White's basal i.c., WMaite's 'A' + White's 'B°

EEX






AAmoNCTIoN

Plant tissee culture cas be deseribed ia the womds
of White (1959) as “the mothod or methods by which the
elomeatary salts, that is, the cells are removed frem tie
complex Lo which ose sermally fisds thesm, that is, the
body, aad are thea provided with suitable sabstltute
envireamsats which shall ideally ia a0 way impalr their
aormal fusciiosal capacities. They are ithes sade avallable
for direct observatioa and experimeat®,

The first observations were mede as early as 1665
by Robort Hooke oa the oolluler orgaalsation of plaats,
On examiaiang charceal, cork ssd eother plast tisswes usder
the microscope he fousd ia them small hosey-comd 1ike
cavities which e called "oolls®. These cbservatioas
however wore made oa dead cells, A besdred and (ifty years
later Robert Brows {a 1323 observed thot cells, especially
of plaats, coatain swclel aad tast norsally there is o
slagle sucleus ia cach cell asd Uwjardia fa 1338 noted
that the soni-fluld sabstaace which commoaly covers the
cellalar skelotoa ia the liviag parts of pleats aad
ullluhuoluanqmulouplw. Tais
somi-fluld substasce he colled the “sarcode™ waich s
A0w kacws as the “protoplase™. la 1038 Sehloides sad
Schwaaa (1839) formalated joistly the cell theory based



on earlier observatioas of the “oell™ by looke, of the
“aucleus” of Drowa aad of the “sarcode™ by Dujardin. They
consluded that all plaats asd aaimals are made of cells asd
that the oell is the primary ageat of organization and that
each cell leads o double life, oae pertalalag to its owm
self, sad sscther, & secial ose la respect Lo other cells
of the orgaaism, The first asspoct of the theery, namly
that the cell was a waiversal strectural wait of all living
orcatures, has beea esccepted but ihe ifdea that ¢ach oell
1s aa ladividual capable of sutoaomous oxisteace and that
an saimal or a plaat is o wore thoa a seclety of co-operating
colls Ras not received general asceptasce., The latter
aspect of the theory bas boea severely criticised by

Sachs (1880) and others on the grounds that oa account of
the high degree of physiological differeatistion ameng the
various tisswes aad orgass, the oell caanot be regarded as

an ladependeat walt but only as sa lategral part of a higher
individaal eorganisatioca,

However the oaly way for studylag cellular sutoacny
asd later-relatioas would be by taking the orgaas, tisswes
and cells of a plaat or saimal sad determiniag how they
bohave as isolated salis. This ldea of iselating cells
and growing them for the purpese of studylag csllular
autoaony was put forward by Haberlasdt (1902) who made the
first reconded studies oa the caltivation of isolated plant



oolls, thus laylag the foundatiocas of the techalque which
is aow kaowa as “tisses culture”., Usiag mature palisade
ovlls from the loaves of Lamige purpureys sad hair cells
of Iradegeantia aad Pulmonaris be showed that such ocells
could survive as loag as fifteea days ia the aiseral
solutioa of Kaop coatalalag 1 to 5 per ceat secrose.
Although sach cells ealarged asd developed starch grasules
in their chloreplasts he Jdid not obscrve them divide. Ia
1917 Sobilloff-Preisser maintalaed leaf parcachyms cells
alive for as loag as a month oa agar suppleseated with
various autrieats. Protoplasmic streaming was observed
and the necleus was found 5o be in & state of alwost
contiawous movemeat, but agala o sigas of ocell divisioa
were aoticed. Esseatlally the sase results were oblaised
also by Cseck (1926), Borger (1920) aad Kesser (1929).

We aow kaow that Haberlandt asd other carly ilavesti-
gators were aasucoessful prebably because they chose plaat
materials which were wasuitable or difficult to culture and
because the astritlosal uad physico-chemical requirescats
for growth wore not aaderstood clearly at that time,

Ia 1922, #Kotte, a stadeat of Uaborlasdt,and Rebblas
succeeded iadepeadestly in growiag excised plaat roots for
some wooks In o natrieat solution, but whea Lhese roots
were re-excised and subcultured om fresh media, their growth



rate disdaished asd the roots died, iadicatiag perhaps a
doflclendy of som0 substance ia the mediuwm,

Ia the related field of aaimal tissue calture, the
first cultures were prepared ia 1907 by Harrisea using
frog serve tisswe la a haaglag drop of frog lysph., Ameag
the ploscers ia this field are Uurrows asd Alexis Carvel
who developed the use of oubryo juloe as a growih promoting
ndirieas for saimal tisswes. Slace thea werk ia this field
has wade rapid progress both ia the techalque of Luadliag
the tisswes aasd 1a iis applicatioas.

Ia 1933 Gautheret showed that cells of the root cap
of Lupisas albus could be completely lselated frem the reot,
and that such cells ceuld lacrease in volame la about 20
days. This ealargeseai was lacreased Ly the preseace of a
root ia the viclialty asd alse by a coaceatratica of about
ou¢ microgram per millilitre of ladelescstio seid, These
isolated cells however did aot survive after the iaitial
peried of growth,

It was White (1954a) who was able to determiae the
cuuse of the dimiaishiag growth rate of isolated root
cultures. o fouad that bosides sucrose asd the mineral
salt mediun of Uspeaski asd Uspeaskala (1925) exsised
tonato roots required alscin, pyridoxine sad thisuine for
goatiseous growth, Thus the first tisswe or orgas culture



of plaat origia, which could be majntained over several
passages, was swocessfully established. Aboat the same time
Gautberet (1934) carried out stadies oa canbial tissues of
willow sad poplar, These studles were gontiswed further
and ia 1999 Geuthevet, ‘obecourt (1937, 1999a) and White
(1999a) simaltaseously and iadepeadeatly published data oa
the seccessful culture of canbial tisswes of temate sad
carrot over proloaged periods of timse., Subsequent Lo
these ploneering studies exciitiag advaaces have boea made
fa the cultivation of a variety of pleat materials Aa wiixa
and this sew techaique of “tissee culture ™ or “ooll
culture™ has been exieasively used for siudies oa the meta~
bolism, blochemistry, sstritiea, cell differeatiation amd
other flelds of plaat physielegy.

Eedia fox sissus calismes
Thore have beea a nusber of differeat wmedin developed

for the culture of isolated tisswes of higher plants. Basi-
cally most media contaia lnorgasic salts incladiag aitrate
as a source of altrogea, susrose for carbea, vitamins,

walaly pyridoxise, asicotinic seld asd thiamine, and distilled
water. Ia esddition sowe tissees also require supplemeats of
complex extracts and growth fastors. Agar may also be

added ia sufficieat smount to give the tisswe a firm support
for seratioa at the sarface of the mediwm, Nedia prepared
acoording to the formulae of Whaite (1942), Gauthoret (1942a),
Murashige (1962), Hildebrandt (1940) are some of the more



commea media which are gonerally used.

Zypes of eultureys

Exteasive stadies have beea mads of the growth of
cells from higher plaats and those cultures may be classi-
fied for coaveaieace lnte: 1) Orgaa Caltures, 2) Callus
oultares, 3) Tumor culiures, 4) Siagle cell cultures,
5) Submorged cultures.

D) Orges caltures:

T™he first seccessful orgaa culture as indicated
earlier, was obtalsed by White (1934) with excised tomate
roots. These roots kave bees growisg with wadimialshed
vigour A4 xiixa for over thirty years with regular ssboul-
tures. Though practically every orgaa of the plast has beea
caltared till matgrity, it sas got beea Mu:ﬁfh excised
roots (Street gf al, 1952; Fergusoa, 196%; David & Street,
1901) to malatain the respective orgaas ia culture for
proleaged porieds by suboultare. Sassex asd Steeves (1953)
showed that excised fern leaves could be growa to matarity
ia sterile culture., Raghavaa aad Jacobs (1961) observed
that apical buds of the shert day pleat Perille (rutescegs
producod sorsal flewers whea cultured ca syathetic sedia.
Sisdlarly Tepfer gi al (1963) grew floral buis of Aguilegla
at differeat stages of develepmeat oa various agar media aad
found that when iadeleacetis acld, gibberellic acid asd
kisctia were added to cthe basic medius, Lhe develepmeatal
1imits of buds were exteaded at asearly all stages sad
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decidedly improved the coatinued developmeat of sarpels. Oa
this modiwm the buds grew from the early stages to sbout the
size of flowers., If a flower is excised aad preperly surface
sterilised sad plasated ea & siaple mediem solidified with
agar, or oo a filter paper stnad dippiag ia liquid mediem, o
whole ovary cas develep simller to that which s formed whea
the flower ig left attached to the plaat. This was first
observed by Mitseh 1a 1951 who obtalaed the temato frult ia
culture from the excised flowers. [a 1963 Johri and Baja)
studied the nutritional requireseats of Dsadrephtihoe falcata
cnbryos asd the forwatioa of accessery embryos Aa witre.
Recently Maheshwari asd Laatha (1963) have reperted on the
technique of fertilization of ovules ia test tubes following
sho oulturing of young ovules (excised before pellination)
sad matare pollea graias oa the same sutricat wediem.

2) Callas ealvares

™o above examples deal with parts of the plant which
have beea culiured as iadependeai orgaas. [However ihe
excised portioa of the plaat that is cultured oa the vediwm
cas alse form 2 disorgaalsed mass of cells celled callus and
thesv sallus oells caa be malataised L3 xiire over a periasd
of wany years ia several cases without differeatiation. Ia
some, though not ia all lastmaces callus cells apparently
have lost most of thelr ability for morphogesesis except
that of oell divisioa. Iasumerable callus cultures have aow
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boen obtaised from varieas parts of the liviag plaant siace
the plessering work of Gautheret (1999), Vobecourt (199%a)
aad Waise (193%).

PN G

Ia 1944 Skoog obtained callus oa cultured roots from
hybrid tobacco tisswes ia culture and ia 1952 Jagendorf
working with cabbage seedling reots obtalsed am stypical type
of calles growth whea parachlerephencxyacetic acid (POA) was
incorperated ia the mediwm, Tryos ia 1955 obtaieed a similar
type of growth whea roots of Nigetisaa affials secdlings
were oultured Aa yitea oa o wediws costalaing yeast extract
and malt extract. Ia 1957 Torrey eand Shigemura obtaised root
callus tissue from excised root tips of gurmisated pea seeds,
varioty Alaska. This cloae of pea root callus tissue was
showa to require both yeast extrast asd auxia for increase
in weight and was alse showa to be capable of developing as
roots ia suxin-free media. Carret root tisswe has nlse beea
ocultured extensively ia witre as ssorgaalsed callus masses
by a sssber of workers ia this fleld, most actably by
Stoward aad his ooworkers. Aa exsitiag develepmeat ia
this field is the demcastratioa by Steward (1960) of the
growth of complete plaasts from carrot phlovsm cells. This
reproductive capasity of a noa-reproductive part of the
plant shows that wader ssitable coaditioas ihe cells growm

A4 wiiza are totipotoat asd caa wadergo differeatiatioa aad
give rise to whole plaats.



2kasmi

Callus culiures have boea obtaised from the cambial
regioas of the stem of & sumber of mature trees or evea from
the stes portioas of seedlings. Ball ia 1950 obialaed callus
from the woody stem of redwood burl (Sequola sesperviress).
Loewonberg and Skeog (1952) obtained callus from seedliags
of four varietics of piae oa a medigw costalaing kisetia and
salt extract., Jaoquiet (1955) obtaised callus tissue from
the gecondary cambism of elm (lllmas campasicis), birch
(Bakula xaxracesa) aad basswood (Zilia parvifolia) oa staadard
media, This tisswe was found to show varylag degrees of
differeatistioa from completely aadiffereatiated tissue to
more or less mormal roots aad shoots. Ia 1960 Pelet qu al
ebtained Ag xitca cultures from grape, olm, poplar and willew
trees oa White's sutrieat sedium with cocoaut milk aad various
grosth factors., Callus tissues have also boea obtained from
the stong of a very large variety of differeat plaats by o
swmber of differeat workers.

Leavos:

Ia 1959 Welastela gi al obtalned callus caltures
from the leaves of Agqave touneraas seedlisgs growa oa White's
basal mediem coatalalag codenut milk asd 2, d-dishlerophencxy-
scetie scdd, Workiag with leaves of Jnlaschos placata
Nohan Ram aad Wadh{ (1965) were able to obtala callus caltares
from a section of the metches cultured L4 wiire sad Vasil
ek al (1964a) were successful ia ebtalalag chlerephyll
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coataining callus tissees from the leaves of letiwce (Laciaca
sadixn) sod leaf petiele of parsley (Beirastlinem herianse).
Ia this Laboratory callus tissues have beea obtalsed frem

the leaves of seedlings of Hallarisaa astidyssatecica
(wapublished).

Elasaxa:

Callaus cultures of flowers have not boea reported ia
coatinuous calture though difforeat porticas of {lowers have
beea cultured asd callus obtaleed., For lastance, excised
sathors aasd evea pollea itself have beea cultured and calles
obtajned., ILa 1963 vasil reported callus formatioa from the
asthors of Calagus aajaa ead anoticed that callusiag was much
sore commoa whea the sathers wore saliured at the tetrad or
one celled microspore stage. This callus could be subcultaved
casily oa Waite's mediws suppleseated wiih cocosut mflk.

Pollea itself has boen cultured Ag yitxa oad was found
to form callus-likes masses ia the case of Glakge Rilohs sod
Ducia by Telecke (1953, 1959) wader the lafleence of 2, 4=
dichlorephenoxyscetic asid, coconut milk aad yeast extraset.

Ia 1960 Tulecke reported that plast extracts coald be cesple-
wely replaced by argiaise, lensphtaylecetic acid, calolem
paatothenate ul a high coacentratioa of phosphate in the

med un,

Prategs

Ia 1950 Sordaa cultured the julce vesicles of lemon
and obtaised 2 callas tisswe usiag a syathetic mediem seoataindng
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mineral salts asd sucross, aad ia 1963 he reported that more
rapid tisswe growth could be obtalsed If ssmoain was used ia
place of altrate as altrogea source ia the basal sutriest
sedium, Apple mesocarp has also beea cultured ssccessfully
by Letham (1958) oad Mitsch (19359). Proliferatioa was fousd
to be depeadeat wpoa the simultasecus presesce of aa auxia
sach ag 2, é~dlchlorepbeasyaecetic acid or 2, 4-dichloro-
phenoxyascetic acid together with coconut milk or liquid cera
endospern. These resalts have recestly beea coafirmed by
Lethan (1960) with the megocarp tisswes of several pome
fruits, especially the pear and quisce, e fousd that
asparagise sarkedly isproved growth ia coajuactioa with

2 4~dichlorophenoxyacetic acid, Ia 1963 ‘iisch was also able
to confirm the resulis of Letham (1900) using two differeat
varioties of pears. Callus masses have beea obtaised from the
eadespers tissues of maize by Strsuscand La Ree (1954) whe
uwsed filtered yeast extract, which they later (1960) replaced
by asparsgise ia a fully syathetic medien, lohaa Ram and
Steward (1964) have also obtained callus growth from a sumber
of differeat varietles of banana fruit,

Ia addition to the cultures obtalsed from di (fereat
parts of the plaat, callus from various plaat erigians has
also beea obtained. Norel and Wetmore (1951) ebtalned callus
from the sies portiea of Amarphendallas xiiard (2 monocet)
oa a coccaut milke2, d=dichloropheamyacetic acid medium asd
fa 1965 ¥ascareshas gi al have reported callusing in Zaa maga
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tissues {a the presence of dipheaylurea ia a fully syathetle
mediun, As a representative of the Gymaosperms may be
seationed the red wood tisswe which was cultured by Ball
(1950). Ia the large growp of pteridophytes the work of
Steeves and Sussex (1952) who obtalsed L3 wiixa cultures of
fora callus both ia solid and liquid media coatalaiag glucose
may be cited, Ia addition callus cultures have also heea
obtained from a sssber of mosses (Ward, 1964).

3) Tymour cisgue:
Callus cultures have also beea obtained from differeat

types of plaat galls sad swmours ia a basteria-free conditioa.
Wite and Brawa (1942) suggested that the best material for
this work comes from the secondary galls, seme of which may

be free from the incitiagy crows gall basteria. Aa altermative
procedure is to isolate tissue from a rapidly growiang crows
gall, but {2 this case caly a very small perceatage of cultures
say be odtalsed free from microorgaaisss (Riker and ifldebraadt,
1958). Brawa aad White 1a 1943 demoastrated i{a tissee culture
the indepeadent nature of the orowa gall tumour oell and that
its contissous growth was not depeadeat uwpon basterial stims-
latioa. As 2 result of the initial bacterisl setioa they found
that a geasetic change had ocourred from a mormal to o tumouwr
otll and that the twmour oell could be propageted indefianitely
ia culture, Noreover whea fragmeats of this tisswe were grafted
iato the erigisal plast they develeped typieal erewa gall
without basteria whereas sormal tissues whea grafted, fused with
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the host aad a0 Lumorous growths developed. These observatioas
confirmed Lhe sutoaosy of crowa gall twmours aad thelr io-
depondesce from bacteria. Gautheret (1955a) made a gosparisea
of norsal asd crows gall tissue i3 culture aasd showed that crowa
gall tissee, ualike normal tissee, did sot require added suxia.

4 Sdlgle el saliucess

The earlier atsempts of several workers Lo grow siagle
cells of plaats ia wiiza were without sucoess, though large
faocula could be growa coatinuously. The observation that
callus pleces of some tissues, which were rotated in liguid
media, broko wp and got dissoclated was made by a aunber of
workers, but suocessful tissue cleses frem siagle cells were
aot obtalsed watil 1954 when Nuir gi al sucoeeded {a growing
single cells by a "surse culture method”, Uader aseptic
conditioas the siagle oell was plcked up usder a microscope
with o migrespatala from liquid or agar cultures and pleced
on a 8 o x O on square of sterile filter paper that had rested
soveral days oa top of aa established gurse tisses growiag
on agar sediun, The surse Lissse plece was elither of the same
species or from a specles differeat from that of the siagle
cell. If the siagle oells were traasferred direstly oa the agar
mediun they falled te grow but with the filter paper surse
mothod the siagle cells often divided to prodece a mass of
oolls that grew ladepeadestly whea treasferved Lo Lhe agar
modiwm, Using this methed Muir gi al (1958) established siagle
cell closes froo a nssber of plaat species. Bergmana (1960)
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wade 3 cousiderable advasce ia ihe siagle oell culiure techaique
by wtiliziag a platiag mothed for ladividual oells of tobaseco
and besa, Stadies of the separate oells ia the agar petri dish
wore nede uader the microsoope aad the ooll division was
followed by tice lepse photegraphy. Joses gi al (1960) were
able to isolate siagle oells aad follow their growth, maturatioa,
divisiea asd ovea death ia a speclal sicroculiaure chasber.

Ball (1963) observed siagle oells duriag growth and divisioa

in 2 == thick glass plates at the ceatre of which twe balf
overlapping heles 2.5 oo ia disseter were grousd.

5) Swexged ealtuces:

Ia this techalique cultares coaialaiag free cells aad
snall clwwps of oells are growa la agltated liquid cultures.
In 1954 Mair g4 al obtained sush caltures frem tobacce callus
by agitatioa in liquid mediem ea a reciprosetiag shaker,
Similarly fa 1956 Relsert obtalsed suspensioa culture from
Liosa glasas aad Nickell fa the same year reperted Lthat he had
contissously subesliured for four years a suspensioa culture
of the hypoootyl of Phaseolas ralaaris. In 1958 Steward gt al
reported that they had gorially subcultured a suspeasion
culture, fniclally obtained by releass of ocells fros astively
growiag fragoeats of carrot reot phlosm cultured in a specially
desigaed one litre retating flask coatalaing liquid medium
enriched with coconut milic. Some jaterestiag dats oa the
fnflecnce of the composition of the mediun wpoa the exieat teo
whish separation of cells occurs has alse beea reported.



Relaert (1956) found chat deficlencies of folic scid aad
vitenin By, lacreased the friability asd dispersioa lao liquid
modia of Picea glauca tisswes. Similarly Torrey aad Shigemura
(1957) fomad that high cesceatration of yeast extrast whea
combined with a low conceatration of 2, 4=dichlorephecoxyacetic
acld iacreased dissoclatioa of cells of pea reoot callus ia
liquid cultare, Ia 1961 Torrey asd Relsert showed that the
separatioa of cells ia carrot and Coaxaluulas arxzasis was
greatly reduced whea 2, 4-dichlorepbesoxyacetic acld was omitted
from the syathotlc medien ila which they were growa., They
also jadicated that cortaia other growth factors, especially
choline, ascorbic acid and riboflavia, have a proacusced
iaflucace wpoa cell separation. Very receatly Gasaspathy i al
(1964) hove reported oa the e¢ffect of varylag coacentratioas of
boren with ecthylescdiamisctetraacetis acid, litkiem chloride

sad urea o achicve dissociation of cells,

wichise Though by sodifyiag the cemposition of the culture medium a
falr degree of dispersioa caa be obtained they are far from

being suspeasions of free colls and mestly occur as cell

asggrogates ia which astive oell division takes place.

Tuleoke & Njckell (1959, 1960) with a view to growiag large
qeaatities of plaat tisswes lo liquid media, carried out studies

fa 20-litre carboys contalaing 9 litres of medien. Under these
conditioas plaut cells caa be made to grow like basteris asd

thoge studies caa be compared to basterial formeatations.

Lazport (1964) also grew sycamore cells ia 5 to 10 lictre flasks,
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contalalag 2 to 5 litres of mediwn, The growth curves e
obtajsed with this tissee could be cospared wiih the typical
growth curve obialsed with micreergasisms. Growiang carrot
root cells as suspeasiocas in liquid media Mitra g al (1960)
could ebtala whole carrot plsats from siagle cells preseat in
these suspeasioas.

Groush {eotory!

It has aow beea fairly well established that the
falluze ly the carlier workers 1o culture plaat tigsues
A4 Wiize was due walaly to the fast that all plaat tissees
soed certaia growth fastors for their survival asd growth,uhich
must be added to the medium. These substances can be classi-
fled Laso different groeups.

(a) Auxiass Among ithe earliest ksowa plaat growth
rogulatiag substances are the suxing, which play a vital rele
in the growth of plasts. Awoag some of ihe more laoportast
auxias wsed ia tissee calture, 3-iadoleacetic acid, S-asphtha-
lensasetic acld and 2, 4=dichloropheacxyacetic asid caan be
oited, They have beea showa Lo de very active and ladispensable
for ihe growth of several plaat tisswes eves when {ncorpprated
iato the medie at very low coageatratioas.

e differeat plant tisswes which have beea grom ia
cultare, caa be slassified iate three mala groaps depeading
wpoa twelr requiremsat for auxia asad for a aew class of plamt
coll divisioa fastors termod “kialas™ which isclude cosoaut milk
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and kisetin (0-furfurylesinopurise).

(1) Ia the first grow these tisswes which require both
auxia aad a kiala caa be {nclwded. Aa exasple of this is the
potato tuber which does ot proliferete L yiira unless the
sodiwn coataians both a syathetic auxia like 2, 4-diohlerephencyy~
acotic acid and a source of oell divisien fastors such as
cocoaut milk (Steward sad Caplia, 1951). Skeog aad Miller
(1957) also observed a simllar respoase with various varieties
of tobasco which respoanded to iadoleacetic acid and oefarfuryl-
anlnepuriane,

{(2) There sre some tisswes which can grow over pro-
longed perioeds ia the presence of caly an suxia in the miseral
salt-gucrose modiwe aad do aot require a kiala., The casblal
tissues of several species of plaats are cap=ble of growiag
Aa wikza with aa suxia as the sole growih subsiance (Gautheret,
1959). Growth ia this case may be dee Lo Lhe fact that the
canbial tissue ls capable of produciag its owa ocell division
factors aad noeds ocaly Lhe preseace of sa added suxia for
"ooll divisiea®., The presence of oell divisiea factors has,
howover, boea confirmed by Mitsch and Mitseh (1950a) ia
decusalen axiiohake tissue extracis theroby showlng that the
absence of a requiresmeat for kials was due to the abilicy of
the tissee to syathesize it.

(3) Thore are maay tissees which require aelther sa
suxia sor & oell divislon faector. This is aseally the case

L § ooy



with crowa gall tissees. The tisswe is probably capable of
synthesizing both the suxin and oell divisiea factor., Tw
preseace of growth premoting fastors ia orows gall Lisswe bas
boon shows by Sraus aad Naf (1954) aad alse by Graua and
Stonler (1958). Gastheret (1999) has also showa c(hat crowa
gall cultures are able to systhesize their owa auxis thas
satisfylag the dual requirement for as auxia sed a oell
divisiea factor of the tissues even though Lhe substadoes
are aot added to the madium,

Slaasia asd kialass

These substances are aadther class of growth regulaters
and are primerily cosceraed with the process of oell divigioa.
Kinetlia (6=furfurylasisopurine) was first lselated from sute-
claved herring sperm DWA by Miller g al ia 1955, Its effects
as a oell division substasce ia tlssue cultures have alse beea
widely tested asd reperted (Skoog asd Millew, 1957; Shaats si al
1958, Terrey 5 Shigesura, 1958; Torrey, 1961). 4Lloctis Is sot
knowa t9 ocosr aaturally in plaats thoagh “"kizias™ which
designates substances capable of stimalatiag oell divisiea
have bees isolated from a ausbor of plasts. Lavee (1963)
showed the preseace of a kiala (2 sutoslaved aqueous extracts
of pesaca fruitlets. Similarly Pewell (1964) has reported oa
the preseace of kinias ia alooholic extracts of the eadespern
and ovales of Pruans pacalan asd Lethas (1963) has shows the
prosesce of kialas ia plus fraits aad a swnber of other
tissues. A awmber of other growth promoting sudstasces have
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also beea reported from maay differeat plaats, Mli—u and
Lewis (1963) have lselated compounds differest frow Lhe kaowa
indoles or gibbersllias from orsage frults. Toemato julce was
alse shown ly Mala (1963) to seatala a oell division faster
which stimulated growth of explaats of Hallaathua Labacasus
in the presesce of asxia and la the sooe year Zwar aad Skoog
also obtaleed proseiiea of oell divisioa by extracts frem pea
soedliags. Tie preseade of a kisetin-like cespound has alse
roceatly boca showa ia coconet milk Loeffler sad Vaa Overbeck
(1963).

Cocoaut milk, s liquid eadosperm, has been used exten-
sively for ihe culiure of a large ammber of plaat tisswes
(Caplia & Stoward, 1940; leaderses gt al, 1952 Miekell, 1950)
ever siace Vaa Overbeek gl al (1941) first used it ia their
cnbryo culture studies and fewad It Lo have marked effe¢ts on
growth and oell multiplicatioa. As a result of these fiadiags,
attempis were made Lo isolate the aciive oell division substances
preseat la cosoaus milk, especially by Steward aad his growp.
In 1952 Shaatz aad Steward iselated four waldeatifled compouads,
startiag with large asouwats of cocoaut milk asd in 1955 they
fdeatified oae of the compouads as }-3 dipheaylurca which was
showa 10 bave a slight growth promotiang effect. The separatioa
of active ax asewtral fractioas asd of the amiso acids of
cocoaut milk has beea desoribed by Pellard gi al (1961) and
Steward gi al (1901). Among the compoaents of the asewtral
fractica sorbitel is preseat ia the greatest queatity amd



nyo- and soyllo-inesitel in smaller acounts. Coconut odlk is
alse rich ia pheaolic substaaeces, the leucosathocyanias
(Stoward gf al, 1961). Reoeatly Shaatz and Steward (1968) ca
thoe basis of studles with coconut milk, extracts of l=mature
grafns of Zaa mays aod Aesoulas wasrlitssasis all of which are
high (a2 growth promeilag activity, have postalated thet the
growth prowotiag activity is dae Lo two frastiocas, o sewtral
fraction sad 2a asotive fractiea, which act sysergisticsally.
Isositel, isdoleacetis 2old, phemolic bodies such as lewgo-
anthogyaaies aad altregea pregeat la the form of anine selds
fateract tb produce ihe growth promoting astivity, The anine
acids caa be fully replaced by caseia hydrolysate. These
studies on the multiple intersstiieas la stimulating ocell
division and growth were carried out by deter=ialag thelr

effect oa the growth of explaats of secondary phloem tissue
of carret reot.

gihbersLiins!

Gibberellias and gibberellic acid are a growp of growth
stimulators which cause marked eloagation of lateraodes of
gonetie dwarf{ species of plasts. These substiances were origi-
sally obtalsed from the fungus “Wikbarella falikarel” frem
which it dorived its asme, The preseace of gibberollias or
gibberellin-like sabstiascos has bees showa La maay higher
plaats (Thimasa, 1963). Nickell and Tulecke (19959a) tested
the effest of gibberellia oa a awsber of differeat plast
tissues ia calture and found that they inhibited the growth
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of monocotyledonous tisswes aad premoted growth ia a few others
while still others showed a0 response. The gibberellias bave
profound effects oa cell metabolise which laclwde respiratieca,
assizilatioa asd proteia sad gucleio acid symthesis (Paleg,
1962; Srivastava, 1963; Varser, 1964).

asiag

The earlier studies indicated that vitamias are alse
secessary for Lhe growth of callus tisswe (Walve, 1943;
Gauthoyet, 1959). Maay callus tissees evideatly meet most of
thelr vitenda requiremcats by ayathesis sloce they aeed oaly
oae or a very fow vitamias ia the msedius, Ia 1959 Gautheret
found that vitemia B; was favourable for carret iselates aad
Miokell 1a 1952 also found that Rumux callus required this
vitanin, Hildebrasdt gi al (1946a) ia stuedles with suaflower
aad tobacoo tisswes fouad thet pyridexise alose could silmmlate
the growth of these tisswes. Relaert aad Walte la 1956 fousd
vitanin Byg beseficlal for callus from white spruce, ‘erel ia
1946 fouad paatotheaic acid socessary for Crataegas and
Jacquiot (195]1) reported a requireseat of guag-isesitel for
ela, Do Capite (1952) fousd that prasinobeazele acld stimulated
growth of Jeaxusalen arilchake and Hotson (1983) used ascorble
scid for Lsaipaxis cultures.

Thas we fiad that plaat tisswe calture stadies oma
be put to & wide variety of applications. Y“aay plaats for
fastance are kaowa o coataln substaaces of medicizal and



Ly

industrial valuwe, such as alkaloids, steroids aad satibletics.
Wost and Mka (1957) workiag with callus cultures of belladoass
roots showed the formatioa of atropine ia xiixa, MWcotine 2as
beea iselated from cell caltures of Nicotlaaa rabagum (Speake
&k al, 1964). Reserpine was also fouad to be preseat in reet
callus tissee of Hamsallia saxpeatioa (¥itra and Eaul, 1964).
Freach aad Gibsea (1957) reported that Lgiara Aatala root
tissue culturvs blosyathesize the alkaloids hyossyemine

asd hyoscise. Tulecke sad Nickell (1990) and Vickell (1962)
cultured ibe avocado cotyledea and moticed Lhat the Lisswe
produced Aa wiixe » s=all amount of aatiblotic: substance.

Tissue culture stadies have also proved of jmportance
la whe stady of plaat morphogonesis. Klala and other factors
kave heea showa 1o be lspertast is sorphogesssis. Skoog aad
Hiller (1957) with tobageo pith callus tissee were able to
shbudy the formation of shoots or reots, by the lateractieca of
thnin or adealne and aa suxin, Similerly Sastri (1963)
obtained differeatiatioa ia horse radish tissue csltures by
varlations ia the gonceatrations asd by che lateraction of
kiootin sad s auxia., As fsportast advasce la the tisswe
calture fleld was the demcastration by Steward (1968) that a
conplete plast could be obtained from dissosiated ocells of
carrot phleem which had boea growa La xiiza.

Large quastities of tissees can alse be obtained ia
liquid sedia fa fermeators (Tulecke aad Nigkell, 1939, 1960)
and Lhese caa Lo treated as a aew group of microorganisss with



all the capabilicies whick they possess. These large quasti-
ties of tissues caa be wsed Lo stady blochemical reactlioas

aad 0 produce asatural plaat producis. They cay also be wsed
for the study of ebligate parasites, fuagl and plaat nesatodes
sad of plaat vireses aad twsours (Bergsaa, 1999). It will be
scen fro= ihe brief accouat above ihat plaat tisswe and cell
cultures are of value i3 the staudy of the setabolisa of plaats,
the formation and blogyatiesis of slkalolds and other chare-
cteristic plaat products, ¢ produsiioss of astibiotics and

ia the stedy of differeatiatioa asd plaat pathelogy.

Several plaat tissues have boea growa La witca s this
Laboratery as part of a progresse of study of the biochemistry
of plast cells. Slace the rate of growth of sese of these
tissues was very low, a fow relatively fast growiog Lissues
were oxasised 3o that a suitable plaat saterial could be
obtaloed which could be grown repidly is sufficleat quastities
for biochemical studies. Ylgaa satlaag was selocted for
dotalled study since it showed the maximum rate of growth
amoug all the plaast tisseves which were examined. Its
autritiosal requiremeats aad metabolise were lavestigated aad
the rosalts of these stadies form the subjest of this thesis,

“‘V““ aa onssal twiniag herb, beloaglag
40 the famdly leguninosas, sube-growp papilliosscese. It



produces yellow flowers giviag rise to seods which are used for
edible purpeses. T local aawe for this plaat is ‘cholai’.

Callus caltures have booa obtalsed from a musber of
plaats beloaging to this family, Migkell la 1956 described the
coatisuous cultivation of callus caltares isolated from the
hypocotyl region of the pole beaa. This culture was isolated
by hin la 195] aad salatalsed on Waite's sedius coataialng
cocoaut =ilk aad 2, d=dichlorephonmgacetic acid. It was alse
growa in submerged culture. Uergwasa la 1960 reperted on the
growth asd divisiea of siagle cells of Rhassalus walgaria ver
Carly Goldea Cluster. The callus was obtalsed free sogmeats
of stem oa WMiite's basal mediun ceatainiang coconut milk aad
2 4=dlichlerephenoxyscetic acid, [a submerged cultares the
tissues could also be brokea up iate siagle cells each of
which could be mede to develeo iate a tissuwe cloas by the
platiag techaique la potrl Jdishes as described earlier. Ia
1957 Torrey and Shigemura obtaloed callus from exsised roet
tips of germisnated pea seeds, variety Alaska. Boaser's
modium with suorose, yeast extract aad 2, 4-dichlorophenoxyacetie
was usod for the growth of this callus tissse. The callus could
bo growa both ia agar medism or {a liquid flask culture with
coastant agitatica. Goutheret (1959) has also reported that
Nickell (wspublished) obiaised callas cultures from stem of
{igaa slmasis (8adl) aad mafataised it oa Burkhelder and
Mokell's (1949) mediwn coatalning phosphate, yoast extrast
aad parachlorephenoxyacetic acid.



The maia objectives of the preseat isvestigetica
were the followlag.

1) To ebtaiz viable callus cultures frem the lypocotyls
of seedliags of Lgaa sasiadg 2ad to study the autri-
tioaal requiremeatls aad establish the opilowm
conditions for the growth of these cultares oa
modis solidified with agar.

2) To grow the tisswd o liquid media i2 agiiated
cultercs, a23d Lo stady the rate of utilisatiea of
tho satricats In the madigm with & view Lo
obtalalag o medien that would give tho most rapid
growth of tissue.

3) To analyse the tisswe for the free sad pretein
eniso sclds and to compare them with the free and
proteis esiaso acids of the fatect hypocotyl.

4) To study the effect of differeat sabstrates and
inhibitors oa Lhe vespiration of the ocallus tisswe.

Chaptor I deals with the materials sad the methods
used ia these studies.

Chspter II desoribes stedies oa the sutritiosal require-
meats of callus caliures of ¥igaa catlsag.

Chapter [II deals witha studies oa the growth of
Ugaa saniagg callas tisswe §a shake (lasks aad the wtilization
of sece of the auirieats.

Chapter IV deseribes shemical asalyses of {igag gatiesg
callus tissees aad o somparisen of the (ree aad proteia amino
acids of the callus tisswe aad of the iatast hypocotyls.

Chapter V deals with studies oa the respirstion of
Vigaa saklang ia the presoace of differeat ssbstrates asd inhibitors,
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ZATGRIALS Ay Silaus

The faocrgaaic salts used for the preparation of media
and the substrates for yespiratioa stadies were of asalytical
grade (British Urug bouses or &, Werck). The other chemicals
weed i3 the course of the experiseals were elther gifts or
commercial preparaticas fros the sources iadicated below ia
pareathesis:

feast extract, @malt extract, caseia hydirolysaie and
bacte agar (Vifee). Glucose, frustose, sucrose, taliose, are-
binose (British Drug Houses). Lactose, galastose, xylose
(L.Light & Co.), Glyserel (Merek), sorbitel (itlas Chemical
Cos); glutenine, asparagioe (L. Light & Co.), glyciae, thiamine
hydroshloride (Uritish Drug lowses). ladole-3-acetic acid,
wothyliadol-3yl acetic acid, 2,4, S-trichloropaeaoxyproplieals
acld (British Dpug Houses), B-asphthoxy acetlc acid, 2, 4,5-
trichloropheaoxyacetic acid (Metritieaal Bloshemicals),
Belsdele-3-propioaic acid (Hoffmaan La-Roche), 2, d-dichloro-
phenexyacotic asid (Seieutific 5 Iadustrial Sepplies Corpore-
tioa), Moetin and gibberellic acid (Sigma Chemical Co.).
2-Beazethiozolyloxyacetic acid was a gift fre= Ur, H. Y, Nohan
Rem aad the several loag chala fatty acids frem Ur, & &
Bhattacharyya. Dowex-50 (200-400 megh, 8 per ceat cross
linked) was ebtalsed from the Nicrochemical Specialities
Co., Berkeley and was reoycled aad coaverted lato the hydrogea
fors before use, Dowex-l (200-400 mesh, 8 per ceat cross
xtwnmﬁmmudmmuum

nootate form. Ferric ethylesediamisetetrascetic acid was



prepared from disodism ethylesediaminetetrascetic acid by
hoatiag » mixture of aquoous selutions of both {a equiselar
amowats accordiag to the procedure donﬂh‘ by Nurashige and
Skoog (1962). Coconut milk was obtaised by peoliag tegether
the filtered water from o awsber of tesder greea cocoauts and
autoclaving at 1S 1b for 20 mia, It was stered at =20° and
thawed and refiltered before use. Yigus qaklaag seeds were
obtaloed froom Pestoajee P, Pocha & Soas, Poosa,

A number of differeat extrects were also made ag
fol lowst

1) Bloa sashiagat20 gn of a local variety of debusked
rice were shakea with 50 ml distilled water for 30 mia. The
oxtrasct was decanted and the washing repeated twice as before
with 30 and 20 nl lots of distilled water respectively. The
extracis were combised and lacorporated ia the media a3 two
differeat levels (10 and 20 per oeat by volum).

2 Ugas sanlagg oxtrast; 45 gm of llgaa callasg tissuwe
growa for 20 days oa WMite's basal-cocoaut milk-yeast extracte
malt extrast-2, d=dighlerophesexyacetic acid medium were grousd
with seld wagshed sand in o mortar and pestle asd the extract
filtered through maslis cloth, The residwe was reextracted
twioce with distilled water, The combined extracts were ceatrie
fuged aad the clear sgpernstant was made to 100 ml, Sepplemeats
of the pooled extract were added at levels of 5 and 10 per ceat
by volume,



Y dagles grastlis extrest:

Gaglaas grasilis was growa oa a dextrose-liver extract-
tryplone medius (0.1 per ceat of each) for a woek la o flask
usder agitation. The alga was cthes renoved by ceatrifugatioa
sxd lyophilised. The lyephilised material was extracted
successively throe times with 20, 1S asd 10 ml lots respectively
of 60 per ooat alcohol and Lhe extracts were poeled, The
aloohol was recoved by distillatioa wader vacwsn, The agueous
residue was extracted three times with diethyl ether to remove
colouring matter. The ether extrasied aquweous layer (Frectioa I)
was nade wp to 10 ml aad the pooled ether washiags couceatrated
and (Frastioa II) made wp to 5 ml. Frasticas I asd II were
iasorporated iato the growth mediwm geparately as well as ia
combiaatloa,

4) lamoa lwiaa: 250 ml of juloe were obtaised by
squeoziag three swoet limes. The julce was filtered threugh
cotion, swtoclaved at 15 1b for 20 mia, refiltered and facerpo-
rated {aio the mediwn at a level of 3 per ceat by volume.

camaslidaa of media:

Toe compositioa of differeat basal sedia is described
fa Tables IA, IB aad IC, The nature of the suppleseuts added
to the basal media i3 described ia the relevaat chapters of
the toxt., White's, Gauthoret's aad daop's medis were prepared
sccordiag to the detalls described by Wnite (1954). Murashige's
wedlun was made accordiag to Murashige aand Skoog (1962) amd
Seith's sediun was made wp from t2e forcula described ia a



White's
Kineral nodd fied White Eaep Murashige Gautheret Saith

s/l s/l syl my /1wyl

Ca(¥og)gdii0 208 288 1M - 100 7o
Na S0, 2 00 - - . -
K1 0 80 - - - .
Nl POp 20 320 204 - - - -
50 10 w9 49 - 200 2.0 -
2830, TH,0 49 2.9 - 100 ol -
€10g - - 2.0 199 3.0 48
Moy - - 2o 100 2.0 7
430 4. THy0 %0 30 5.4 30 B.0 A48
NaCl . - » = . 6
iy S . .
CaCl 0 26,0 - - - o . -

(Nidg) 250, ™ - - - . .
Sav0y 1 - - e . -
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BIte's nite Naep Murashige Geutheret Snfth
¥iseral salt wodified o

s/l wg/l s/l my/l w/l g/l

] it} " - 6.2 1.8 087
L4 64 o064 - 0.83 3 -
Ferric citrate 5.0 5.0 S.0 - 5.0 -
Ferrous EUTA 5 al - - Sal - 7.2
aCl; - - - - - *®
Cacly - - - - - 0. 263
Sodiwm melybdate Q.35 - - - - 0.252
adl, - - - - - 0623
G50, 51,0 %03 - %0 %03 008 -
T15(50,)y - S - %2 -
“‘ - - - - 0,08 -

cocly %8 - - - 008 .
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PET FA T

White's

modified Waite Myrashige Geutheret Smith

o/l wy/l /1 g/l =/l
Niootinie ascid S 5 3 8 - 208
Thismine HCl %l %l %l %l 1.0 %1
Pyridoxise MC1 0.1 %l %l %3 - 0.1
Calelam paate- - - - - 0l -

theaate

Biotin - - - - 2.0] -
laesitol 19 - - 129 - -
Glycine 3.0 3.0 30 .0 - 3.0
Glatanine 2 - - - - -
Asparaglae E - - - - »
Grstedne KCl - - - - 10.0 -
Glbberellic acid LO - - - - -
2, =Dichloro-
p:“uxymuo 0.6 a6 Xo 06 (4 N 06
Sucrose 3070 2500 2000 %000 2000 2500
pd 3.0 5.8 3.8 5.8 5.8 5.8




personal commuaicatiocn frem Dr. Smith. White's medified sedius
contaloed the baslo mutrieats preseat in White's sedium (1954),
ia sddition to a ausber of differeat supplemeats. Ia prepariag
daop's medien White's 'B* (White, 1954) solutloa was alse lacluded
togother with ferric eltrato and copper sulphate (Tgbles IA IB

& IC) and Naop's misoral salts.

Glasmeaces

All glassware ased in these studles was of Pyrex braad,
Glass articles were routlsely clessed by leaviag overnight ia
sodium carbosste follewed by riasisg with tap water sad thea
imsursing ia 30 per ceat altric asid for 12 Av. The glassware
was thea washed thorvaghly with tep water aad later with glass
distilled wator aad dried fa a hot air ovea at 110° Test tubes
and flasks for growth siadles were plugged with cotion, sato-
olaved ot 20 1b for 1 hr aad thea redried at 110° for 2 br,

Preparatieq of medig

For most of the studles Wkite's Dasal sedium was wsed
with the omotatrations of salts specified 1a the tables oa the
composition of the media., After the addition of the differeat
supplomcats, the mediue was adjusted to a pH of 5.8 to 6.0 using
a Beokman model G pH meter end thes made to voleme, Agar was
sdded st 0.8 por cest cosceatratioca and the redise was steamed
Lo disselve mq:tuluusm fa 20 1 lots fato test
tubes (25 mm x 150 mn) or ia 30 =l lots late 1790 =l coalcal



s
flasks., Scerilization was carried out by autoclaviag at IS 1b
for 20 wia followed by stesning for 30 pia the subsequent day.

Glutanine, asparagine asd lsositel were sterilised by
passing through a Seitz bacterial filter aad were added asepti-
cally to the modies at the required levels after the suteclaved
sediun had been steamed o4 Lhe second day and had come dowa GO
a temperatare of 40°. The coateats of tubes aad flasks were thea
mixed thoroughly aad allowed to set. la additiea to semi-selid
sgar sedien, liquid medien was also used 1a some experimeats.
The modiue was added ia 75 ml lots to 250 ml Erleamayer flasks
sad sterilisation of the medium was carried out as deseribed

earlier.

Lassulaviont

All isocslaticas were carried out ia a sterile roem
wader aa lacculatioa hood provided with sa uliraviolot lesp. A
coatinuous stream of air which was sterilized by passing
through als=iniwm strips costed with glycerine followed by
irradiatioa with ultravielet light was passed through the
room, Sterile foreceps were used for trassfurring the plaat
tissucs daring the {noculations sad suboaliures. Two pleces
of inoculen, each weighiag 20 to 30 my, were traasferred to
the solid =edia ia test tubes, while three pleces, each
welighing 40 to 50 mg, were traasferred to 100 ml ceajcal
flasks. Wich liquid media 400 o 500 ny of tissee from
astively growlag agar culiares were used as the lacculum,



Ingubetion of oultqreg:

After faoculation the cultures os agar media were
{neubated i a roem st 25°21° aad 1llestaated by diffuse arti-
ficlal light, The relative hamidity of the reom was =aintained
at 60 %o 70 por ceat. Liquid cultures were traasferred to a
votary shaker with 5 me amplitede and shakea st 100 wo 120
rovelatioas per mia.

The period of lacubation of all culiures was sormally
30 days waless stated othorwise. After lacubation the callus
pleces were romoved sarefully froem the surfsce of the agar
media aad weighed. They were theag dried to coastant weight at
110° vo obtaia dry weights. The valeos recorded in the tables

are average weights of 10 explaats from 5 test tubes or 15 explants
from 5 coalcal flasks for each set.

Tisswe growa ia liquid cultures was separated by filiras-
tioa shrough Whatmaa do. ] filter paper. The clear filtrate was
used for the asalysis of the speat mediws, whereas the tigsee
wag geatly pregsed between folds of filter paper to remeve
traoes of the nedien asd its fresh weight and dry weight were
deternined as described before. Ia liquid cultures twe flasks
were used for each wxperimeat asd the average weight is recorded
ia the cables.

Stock cultures of the callus tissee were malatained on
White's basal medise ceatalaleg 0.1 per ceat yeast extract,



0.1 per ceat malt extraot, 10 per ceat coconut milk, and

0.0 pepeite 2, 4=dichlorophonoyacetic acid and agar (a2 test
tubes. Subcultures were made every 30 days lato fresh tabes
contaiaiag 20 ml of the above medium, The tissuwe has sot beca
nalatained coatinuously in liquid media by pipettiog the oell
suspoasion Lo frosh flasks siace the tissue fores clesps which
are aet friable aad offer difficalty ia subcalture.

Eabisations:

Nitrogea was estimated la the medius aad tisswe by
the migro-Kjeldahl method, total phosphorus by the progedure
of Fiske sod Subba Rew (1925), calelss by precipitation as the
oxalate and titratioa with permsaganace (liawk & Bevgeis, 1944).
Iroa was estlsated colorimetrically accerdiag Lo Seadell (1944)
usiag g-pheaasthreliase,

The tissue was oxtracted with het 7) per ceat ethasol
scconding to the procedure of Sseward gi al (1960) aad free
arine ecids were separated by the methed of Plaisted (1953),
Proteia amino acids were obtaised by hydreolysis of the alcokole
faseluble residue with 6N HCl for 20 hr ia & sealed evacuated
tubs followed by removal of the cxcess acid la & vacwsm desicsator
over & pellets and concentrated sulphuric =eid aand disseolving
the residue ia a kaowa volume, The ldeatificatioa and qeentitative
deter=laation of the amino acids were carried out accerdlag to the
method of Porter i al (19579 uslag two diseasioan] paper chre-
matography and by comparisoa with ruas carried out usisg a assber



of standard anino acids wader ideatical cosditiocas. The
selvent sysitoms used were butasolinsetic scldiwater (431:5)
fa the first direction aad phenel saturated with water {a the
segond direstioa (Partridge, 1943).

Free sugars la the extracts were {deatifled and
deternined by separatioa oa paper chromatograns aad couparisea
with standard sugars. The solveat systems wsed were butasel:
acetic acldiwater (4:1:5) asad pheael saturated with water
(Yeinsteln gt al, 1999).
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Iatast plaats bave very few sad sisple growth requiroments,
which ia most cases caa be supplied ly the sell ia which they
have takea root. Howewer, whea a tissue fro= a higher plaat is
growa o4 a medien ia a glass ceatalaer, the astritliosal require-
ments are more cosplex aasd the tisswe shows a requiremest for
mineral salts, a aitrogea source, a scarbohydrate source asd
oftoa for an suxin asd & kiala. Tals section deseribes the
formation of callus from explaats of Ulgaa qailaag tissees aod
its amtritiosal requiremeats. Whea these explants are
trans ferved fate differeat media, their ability to differea-
tlate Is lost aad the oells start multiplying ia a resdem
sanner giviag rise o masses of swadiffereatiated cells whish
are kaowa as “"callus™ (Plate 1). The optimem coxditioas for
foftiation of callus were first determised. After the callus
culture was obtaised its mineral aad carbohydrate requiremesats,
and the action of stimulatory substasces, the effect of pi, gas
tonsdon and & susber of other requiremeats of the Ulgna sailasg
callus tisswe wore studied. All these growth studies were
carried out ia media selidified with agar, ualess otherwise
stated i3 the respoctive tables,






Inieiavion of callus:

About 20 [igaa sailaag seeds were first surface sterilized
as follows, The seeds were thoroughly washed with distilled
water, imsersed 1a 70 per ceat alcohel for 5 =ia and then
waghed with distilled wator. The seeds were then shakes
for five miautes with 50 ml of distilled water coatalaing
8 to 17 drops of a detergont selutioa (DET). The DET selution
was poured off aad the geods were washed oaoe again with
distilled water. They wore thea traasferred to a flask
contalalag 100 ml of & 3 per ceat sodiwm hypechlorite seluiion
and shaken for 1S mia. The hypeshlorite soletien was discarded
and the seeds were washed under aseptic coaditlons with sterile
distilled water till a0 trace of hypochlorite could be detected,
The seeds wore then trassforred to test tubes or petrl dishes
coatalajng sterile cottea moistened with sterile distilled
water and kept for germilatioca at 2° 1a the dark. The seeds
gorniaated after 5 to & days. Whea the seeds had gersmisated,

4 Lo 5 = sogmoats from the hypocotyl perticas of the seedliags
wore traasferred aseptically fato test tubes coatalalag a swsber
of differeat medla combisatioas (Table 2) and the forwmation

of callas was observed pariodically, It Is evideat that f{a

the early stages, 2, é=dichlorephenoxyasetic acid or asphthalene
acetic acld are usaecessary for callus forsmatioa, perhaps
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Hediwn wsed: Maite's basal. Suppleseats added:

CH 1S per ceat, HAA 1.0 my/litre, 2, 4=D 0,6 my/litre,
TE O] per osat, ME 0, ] per oeat, agar 0.0 per ceat.
Loagth of Laocalus 5 mm (hypecotyl).

20 al sedign/tude.

Period of
Supplemeats added  Aesult iacubation Remarks
days
1. Waite's bagal - 0 liypocotyl dead
2. Cocoaut milk ree 40 Does aot grow oa sube
caliare without 2, 4D
3. M v 40 " ® Grows on subculture
4. O + X6 + WA ree 90 Grows oa saboultare
or 2, 4D
S. N+ X8 + € + rrr 40 Grows well oa subsaltare
2 4D
6o YE » ME ¢+ 2, 4D ++ 40 Poor growth
7. O + Y€ + & rere 40 Best sodige for iso-
latioa of callug
- 00 growth
+ 100-200 mg of tissue/tube
++ 200400 ng of tissws/tube
++t+ 400-700 ng of tisswe/tube
rrre | go wot tissue/tude
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bocause of the preseace of the auxia ia the explasts thenselves,
The sediun for optises callus formation seess Lo be a somblaee
tica of coconat milk, yosst extract and malt extract, with the
niseral salts, vitsuias and sucrose as used by White (1954),

It may be soted thet though chis particular combination is
sultable for callus formatloa it is not sultable for callus
growth with repoated suboultare since the tissuwe falls te grow
after oae or two subsultures saless 2, i=dishlerophescxyacetic
acid is also facorporated ia the medimm, Coconut milk alse
appears secessary for che tisses, though a little growth may be
observed {f yoast and malt extracts are sdded in its place,

The tisswe falled to form calles or 0 grow oz White's basal
nedies withoat asy sepplovests.



After obtaiaiag sallus tissse from the Rypocotyl of
Ugaa saklang, further stedles oa its sutritiosal requireseats
were them carried out. Prelimjasry resulis ladiceted (Table 3)
that the callus tissee requires 1a addition to WMaite's basal
medium aa suxis, asd elther coconst milk or kisetia for its
contiouous growth, The tissue falled to survive oa a medism
supplenested with elther saxia or coconut =ilk or kinetia alese.
The presesce of both asuxin ond cocoaut milk or suxin asd kisetln
was ¢sseatlal for this tissue aad these componeats were used in
all sabsequeat studles.

similarly prelisisary stedies also ladicated (Teble 4)
that optimse growth of the tissse could be obtaised Ly the
addition of yeast extrast and malt extract to the White's basal-
2, d=dichlorepieaoxyacetic acld-ooconut nilk or kisetla sediun,
The effect of yeast or malt extrast added separaiely was a0l as
good as whea they were added together 10 the mediwm. Kloetin
was also found to substitute for coconut milk though the growih
was less thaa with cocosut milk, Yeast sad malt exiract were
often lacorporated ia the modiem Lo obtala higher growth rete.

The effeet of varylag the compositioa of the basal salts,
the carbohydrate aad altroges source, the kiala sad suxia and
othor supplomeats was thea studied,
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ledium uped: White's hasal.
Period of lacubation: 30 days

Supplemeat added Wt weight Ury welght .

aid coaceatratioa ng/tube rg/Labe

2, 4D (0.6 ng/l) 12 6 Joes not survive
suboulture

G i, (10 per ceat) 334 2 d - e .

Kaetis (1.0 ng/1) 100 S *° A »

CM (10 per ooat)+ 432 33 Grows oa suboulture

2 40 (0,6 my/1)
Kinetia (110 my/l) + 200 4 » - - .

2,4=D (2.6 ag/1)
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NG OF_UDCERASE SUPPLAUSEITS Ol s GRQIDY OF
Ll salladl TISS0
Nediwnt White's basal + 2, 4-dichlorophesexyaceti ¢ acld
(06 mg/l); 30 =l sedium wsed fa 100 m] conical flasks.
3 pleces of tissee inoculated per flask,
Period of iacubatica: 3] days.

Sapplemeat used aad comcestratioa Wot weight Dpy weight
(per oent) ng/ flask my/ flask
1 Noae 210 10
2 Coconat =flk (10) o» 30
3 Cocoaut milk (10) + yeast extract 2400 120
(%1
4 Cocoast milk (10) + mals extrast g10 ED)
(&1
5 Cocoaut milk (10) + malt extrast 422 211
(Ou1) + yoast extrast (0. 1)
¢ Yoast extract (% 1) + malt extract 318 16
(%l
7 Klostia (1.0 mg/l) + yeast extract 1040 s2

(0. 1) + malt extract (0. 1)




Blaacal asscitions

Several differeat basal sedia have bees suggested for
growiag plaat oells fa wiira and their compesitiocas have beea
givea wader Materials asd Methods (Tables IA, U 5 IC), Twe
growth of {lgna satlaag callus was tested oa WMlte's, Kaop's,
Gauthoret's, Murashige's sad Smith's basal wedia supplemeated
with 2, d-dichlovophenoxyaceiic asid aad either cocoaut milk or
kiaetia. Tihe resulis are desoribed ia Fig.l. Iz the presesce
of voooaut =ilk all the media oxoept Murashige's gave epproxi-
mately the sewe growth, [a the presesce of kisetis, the growth
Tespoase was aot as good as with cocoaut milk sad was markedly
loss with Gauthorei's or Vurashige's or Xaops' media thaa with
Saith's or Waite's media. Ia all subsequeat experisents Waite's
sediun was, therefore, ased.

The eoffect of varylag the smouat of calelwn, phosphorus
sad vageesien ia the growth nodiem and the effest of supplesentisg
with molybdeass, cepper asd gobalt salts is irace quastities were
testod, since the latter are not added to Waite's mediun chough
they may be preseat as lsparities la the differeat reageats. This
9oL of experimeats was carried out (a the presesce of coconut
wilk, yeast extroct, calt extract asd 2, 4-dichlerephenoxyacetic
acid (Toble 5). Tisswe growth oa media contalalag either oae-third
or one=teath Lhe calciwm aitrate sermally preseat ia White's
basal modism Is oaly about two-thirds of that obtained with the
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FIG. |. EFFECT OF DIFFERENT BASAL MEDIA ON GROWTH OF
VIGNA CATJANG. PERIOD OF INCUBATION: — 30 DAYS

MEDIUM USED:— DIFFERENT BASAL MEDIA + 2,4-D (0-6mg/L +
COCONUT MILK (10 %) OR KINETIN (-0 mg/L)
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AR _TH¢ ADOLTION OF ODHERS [0 WHITE'S BASM, “60 (0%
190 =1 coaleal flasks coatalalag 30 sl medien were
usod 1a these experiseats (3 pleses of inocaulem per
flask). Mutrieais cosmmoa ia all media: Walte's
basal, Y€ O.] per ceat; W 0,1 per ceat, CN 10 per cealy
2, 4D 0.6 ng/lisre.

Variaticas ia White's mediem asd the coaceatrations uged:
Calolws altrate (I/3 aad 1/10 aormally used ia White's)
Sodlen phosphate (3 iises Walte's)

(100 mg/litre)

(1/3 Wmite's)

F ¢ EDTA ()9 times White's)
Sodium molybdate (0,007 litre)
wr sulphate (0,00 mg/litre)

1t sulpbate (X008 ere)
Period of lacubatioa: days

Varistioas asd additiocas ot woight Dry weight

to Waite's medium wg/flask  mg/flask
1 ‘teas 3761 183
2 Caleiwm aitrate (V/3) 2929 108
3  Caleiwm alsrete (1/10) 219 132
4 Cali0y) o~ V3 NSy (1/3), 2083 10

NallpPO, (x3), 90y, FelUTA(X10)

Sediws molybdate, CusOy & Cos0, ars 142
As a2 (4) + sodlus molybdate + CuSO, 1790 94

W ¢+ Y8 ¢ M (double streagtih) J21o 20




)

control medium, The growth of the tissue in the presence of
trace amouais of molybdessn, copper or cobalt is also less
than that of the coatrel. Similarly whea the calcium aitrate
aad magaesiue sulphate coatents are reduced and excess of
phosphate, iroa aad potassiun altrate are added, the tissee
weight is greatly reduced. liowever whea the levels of all
the salis ia White's basal mediem, yoast asd mali extracis were
doubled, though the wet welight of the tissue obiained was just
s little lower than the coatrols, there was sa lacrease of

20 por ceat la the dry weights, These resalis ladlicate that
there Is 20 marked deficleady of calcius, phosphate, irea,
molybiegus, copper or cobalt in the medium and even whea all
the salts sad the yoast aad malt extracts wore taken at double
the coscestratioa there was oaly o slight iacresse in dry
waight of the tissue,

Nitxogea geurces!

In White's medium, the altrogea requirements are
mainly met by calolum aitrate. To fiad out whether any other
altrogea compouad, inorgaale or organic, can substitute for
aitrate or ioprove tissue growth, Waite's basal sedium was
prepared without calclus altrate, the calelus coatent belag made
wp by addiag en equimelar amouwat of calciwm chloride, Maetin
was usod as a kialn iastead of coconus milk sisce the latter
coatalas several orgaale alirogen covpounds seuch as asine
asclds. All ihe isorgsaic altrogea cempounds tested were added
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Lo supply altrogea at coagentratioas equivaleat to the altrogea
pregont ia the caloiwn aitrate of White's mediem (Tgble 6). The
quantity of aitrogea added as cocosut milk, caseia hydrolysate
and yeast extrast was, however, variable asd a wide variety of
aitrogea compousds was preseat ia these supplemeats. Asmoalium
salts gave poor faitial growth cempared to anitrate and there

was 20 sigaificaat differeace ia growth after 28 days or 49

days lodicating that after a slight flaitial utilizatioa,

armoniwe salts fail to swpport further growth. Cyanate supported
growth but subsoquent experineats showed that the tisswe failed
Lo survive repeated subcaltures oa gyasete as a aitrogea source,
Urea aad asparagise supported growth though to. 2 lesser exieat
than aitrate, whereas casein hydrelysate gave very good grewth,
The total altrogen added as casela hydrolysate was only 16 ay
which is half that pressat in the coatrol aad there was, therefore,
20 increase in growth after 23 days with caseia hydrolysate slace
tho altrogen was probably limitiag. Yeast extrect and coconut
uilk cesld completely replace the lasorgaanlc altrogen and the
tissue growth was better thaa oa the standard medium with
calolwm aitrate especlally after 49 days. Coconut milk was

found to coataln O, 24 =y of total aitregea per al.

Saxhos soqrges

For studying the effect of differeat carboa sources
on the growth of the tissue White's basal-yeast extract-salt
oxtraot-2, 4-dichlorophencxyacetic agld medium was used with
kinetia lastead of cocosut milk since the latter coatmias
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Caloius aitrate was omitted from Waite's basal
medisn, The calclus deficiensy was made wp by
dﬂz an equivaleat amouat of calgiwm chleride.
The altrogen conteat of the mediwn {n experimeats
1 to 8 was the samw whoreas the aitrogea coateat
ia experineats 9, 10 & 11 was variable,

Nodien used: Waite's basal miaus calelue aitrate.
Klaetia 1.0 mg/litre; 2, 4«0, 0.6 my/litre.

Wet weight bry weight
Nitrogea source =g/ tube g/ tube

—3
20 days 49 days 20 days 49 days

S I I

t A

1

Caleiwm aitrate ans 39 15.0 16.5
(coatrel)

Ammoalas sulphate 01 s 15 12.0

Potassisn gyasate 2 32 12.0 7.5

Amnoalsm chloride 130 154 8.0 12.0

Ammoaien altrate 102 i 9.5 1L.0

Ammoaisa cltrate @ ™ .5 4.5

Asparagine 41 30 7.5 15.0

Urea 157 28 8.0 12.5

Coconut milk (10 216 4 13.5 3.5

per ceat)

Casels hydrolysate 29 200 13.0 5.5
200 pepeme

Yeast extract (O 1 39 562 18,5 32,0

per oeat)
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several sugars. Differeat carbobydrates aad other carbea sources
wore ingorporated ia the media at a 2 per ceat ceacentratiea and
the growth of the tisswe was determined (Table 7). Without any
carboa source ia the mediem, the tisswe grows very slightly as

a browa mags. Very listle or no grewth was observed with
fructose, galectose, xylese, arablaose, ethasol or sorbitel ia
cosparisos with the coatrels. With maltose and glucose there was
so00 stisulation ia the growth of the tisswe., Glyoerol ansd
lactose gave falrly good growth whereas sucrose was superier

to all other conpowsds which were tested.

The opticwn secrose conoeatration was then determined
by growiag the tissue oa medium ceatainlag differeat levels of
sucrose ia the presence of kinetia. It will be seen that the
tissue growth progrossively ianereases with lacreasing coaceatro-
tion of swcrose and reaches a maxisum at 4 per coat sucrose.
The fresh weight of tissue obtained with 6 per ceat sucrose is
less thea that obtalned with 4 per ceat suerose, but this may
be due oaly to the higher water ceateat of the latter, siace
the dry weights of tisswe obtained with 4 per ceat or 6 per cest
SUCrose are the same both ot 20 days and ot 33 days. (Table 8)

The eoffoct of sucrose coacsatration was then deter=ined
with cocesut ndlk as kiala iastead of kineila (Teble 9). Ia
coutrast 1o the results obtained ia the previous experimeats,
the optims= conceatration of sucrose was 2 per ceat and there
was o marked deorease ia beth fresh and dry weight at 20 days or

33 days with ] per ceat or 3 per ceat sucrese. Glucose, susrose
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SEEACT O DGR Catal SOURCKES
Nedium used: White's basal (exoept for the carbolydrate
source); I (0.1 per ceat); M (0] per ceat), kimetin
(1.0 ng/litre); 2, 4-0 (0,6 mg/litre). Carboa sources
tested wore added at a 2 per oceat concestratioa.

T
27 days 34 days 2T days 34 days

Carboa source aused

L Nono 8 109 3 3.5
2. Sucrose 29 684 7 2%
3. Glucose 7S 166 4.5 10
d.Fructose 40 w 3.5 3.3
S.Laotose 19 220 15 16.5
6.Maltose 108 142 8.0 3.5
T.Galactose s » 3.0 3.3
8. l-Arabiscse s 7 2.9 4.0
9. l-Xylose 12 2 1.0 1.3
10, Sorbitel ol G 5.0 5.5
11.6lyeerel 22 a2 12.5 3.0
12.5thasel 23 54 L3 5
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S OF LIFFERENL SUCIQSE. CORSINDIATIONS Oy TISSI
FESEHTEISNEFI S SNe &)

Nodium used: White's basal (with raaglag sucrose
conceatratiocag); Y& (O] per eeat); M (0,1 per ceat);
@ootia (1.0 ng/litre); 2,40 (0,6 ng/litre).

L at
e g

Congeatration of

sucreose (per oceat)
20 days 33 days 20 days 33 duys

1. o sucrose 106 143 4.0 5.0
. %l 167 136 5.0 6.0
3. o8 1% 20 4.5 10,0
4. LO 170 401 7.3 18.0
8. 2.0 97 lo7 1.0 2.0
6. 25 ot 578 12.5 7.5
7. 3.0 216 o5 15.0 43.5
8. 4.0 57s w2 4.0 7.0
9% &0 Ly 7 45.0 72.0
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Kl 2 LR T il ed bl ADAALLG a4
LISHIE GROMTH WITH COONIT NILE

Modiem wsed: White's basal + ON (10 per ceat); Y& (0.1
per oeat); ¥ME (0. ] per eeat); 2,40 (0.6 ng/l).

Weot weight Dry weight

ng/tube ug/ tube
Coacoatratien of

sugrose
20 days 13 days 20 days 33 days
1 per cent s 521 30 7
2 per oeat 1315 2230 8 122
3 per ceat 561 1435 32 72

sorbitol asd fsesitel are preseat ia cocoaut milk and i: is
aot knowa whether they have agy effect oa the lower optisum

cosceatratios of sucrose which was observed ia cocoaut milk
media.

Sacoaus milk

Ia all the experiments cocoaut milk has beon added ot @
10 por ceat cosceatratics. Fig. 2 shows the results of varylag
the cosgeatratiocas of cocoaut milk ia the mediwm coatalaing
Maite's basal salts, yeast and malt extrects sad 2, 4=dichlore-
phenoxyasetic acid. Oa this medisn, there was some growth,
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o 20 DAY'S GROWTH

2 ® 33 DAY'S GROWTH
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S 10 15 20
COCONUT MILK CONCENTRATION (% V/V)

6. 2. EFFECT OF DIFFERENT CONCENTRATIONS OF COCONUT MILK
DIUM USED:— WHITE'S BASAL, YEAST EXTRACT (01 % ), MALT EXTRACT
1 %) 2,4-D (06 mg/L)



even {a the absesoe of coconut milk, but growth was markedly
scoelerated by the addition of cocosut milk and maximun grewth
was obtalsed betweca 5 to 1S per oeal with a degreage in growth
at 20 per ceat level of coconut mili. Possibly coconut =flk
contajas lahibitory substaaces also the effect of which
bocomes marked st higher levels.

Awxlgn

Besides cocoaut milk, Vigas catisag tissee was fowad to
require aa suxin alse for its growth. In the earlier studies it
was fouad that either S-aaphthaleaeacetic acid er 2, d=dichlore~
phenoxyacetic asid supported costismous growth, Ia additiea te
theso, the effect of a smmber of other auxing was tested on
Wite's basal-cocoaut milk medies (Table 10). The growth
obtajsed with 2,4, 5 trichlerophencxy propleaic asid, metiyl
lndolescetic acid, B-ladele preploalc sold, B-assphthoxy seetie
scld and 2, 4,5 trichlorophenoxyacetic acid was comparable to
that obtaised with saphthalensacetis weid or 2, 4-dichlorephescxy-
soctic acid. The growth obsorved without auxia was probably dee
to the carry over of awxia with the fnoculem sad a subsequeat
subcultiure to aa auxinefree medium produces ao growth at all,

Ia the presence of indele acetic acid or 2-beaszethlozolyl
oxyacetic acid the growth was poer and sisilar to or faferier
to that oa White's basal-cocoaut milk medies without suxia. The
tissus was alse brows sad subcultures could aot be malatalaed
oa nedia coatalalag these auxias,
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2 A sl
Medien used: White's basal sad Coconut milk 10 per ceat.
All the auxins were added at 1 mg/litre.

Wet welight Dry wolght

Hodjum mabn e
30 days 30 days
%o suxia M ¥y
2, 4= (% 00 113 ) 12
2,40 432 ®
WA a2 b} |
2=UTOA 320 24
TAA 23 16
2 4,5-trichlorophenoxy- 435
acetic ecid
2, 4, S-trichlorophencxy~ 3546 30
proploale acid
A-wmoh-s-mtuu 450 3
B-laphthexy scetic acid &3] 4

 Muthyl iadole ssstie sar 3
acid




Easiy asidar

Several fatty secids such as olels seld have beea shown
to have a growth-promoting effect oa bacteria (Hofmann gk al,
1957) asd a dibasle aliphatic asid (trassatic acid) has beea
reported Lo oahaace growth of beaa pod tisswe (Davies, 19492),
The offect of several leag chala fatty aclds oa the growth of
LUaua gsailang callus was thon determined la Lwo separate sets
of experimeats. I[a the first thege compousds were added te
Waito's basal-yeast extract-malt extracte2, d=dichlorophencxy-
aootlic scld medium to deternmine whether they could replece
coconut »ilk as a kiala for this cisswe (Table 11). These
fatty acids were tested at two cosceatratioas, but the growth
was varkedly iaferior evea to the grewth obtaised in the seatrel
sedla without cogoaut milk, These cospounds casaot, therefore,
reploce cocosut milk or kisetia for this tissse. In the second
sot of experioeats these conpousds were added at differeat con-
eeatraticas to Waite's basal-yeast extrast-malt extroct-2, 4
dichloropaesoxyacetic asid medism coataiaing coceaut milk ia
order to determise whether they oould cabasce growth evea though
they cansoet replace cocosut milk., It is evideat from Table 12
shat nooe of the wasatarated fatty acids tried ceuld ioprove
the overall growth of Vigas gatiasg tisswe above that of the
eoatrols. On the coatrary with oleic asd lisoleic acids the
growth is defiaitely labhibited asd i3 lower thaa with the

coatrol medium,
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EFVECT OF FATTY ACIDS OV GROWDM OF Llgdd CaTlig
L Tde ISR O o8l UK

Mediwn used: White's basal; £ (0,1 per ceat);
M (0.1 per cont): 2,4-D (0,6 mg/litre),

Fatty acld :‘:“ ol o?ﬁ::-
(conceatration) ng/tube  ©g/tube h::;:
lo Yediws geatrel 210 u
2. Uadeayleale asld (1 mg/l) a7 7 30
3. Uadegyleaic acid (5 my/l) 57 3 30
4 W ~liydroxy pal=itic asid(l mg/1) ol 4 30
8. L) «liydroxy paleitic seld(3 my/1) 108 o 30
& 1) ~liydroxy stearic scid (]l mg/l) 105 7 0
7. ) «fydroxy stearic acid (5 my/l) 59 1 30
8. ) ~liydroxyhexadeceacic acld o] 4 30
(1 /1)
9. ) =lipdraxyhexadeceacis acid 3 2 30
(5 mg/1)
10, V) «liydrexy peatadecascis ecld 58 25
(1 my/1)
1l W =liydrexy peatadecascic acld 9 4.0

(S ng/)
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pet A V3

EVECT OF PATTI ASIUS ON GROWTH OF (IGid CATIAM 0% A
2201 CONTALILNG COLOWT MILK

Nedium uged: Wnite's basal; (5 (0,1 per ceat);
M (%] por ceat); O (10 per ceat); 2, 4D (06 mg/litre)

et weight bry weight
Fatty acid ng/tube ng/tube
ng/litre

2 days 33 days 23 days 33 days

2. U-Hydrexypalmitic ssid (1.9) 1544 2% 190 %
3. (Velipdroxypalaitic ascid (5.0 1910 203 08 118
4. Welydroxystearic asid (1.0) 1363 2182 ) 122
8. Welipdroxystearic asid (5.9) 11 18387 70 9%
6v () «liydroxy bhexadecasels :og 1211 1343 71 102
1
T\ =liydroxy Woﬁug 949 200 6l a3
8.0 ~lydroxy peata decanoic acid 1265 17 30 82
(L0
9. =liydroxy peata dn.og. ;u 1384 1376 S8 as
10, Oleic acid (1.0) 544 354 b~ 54
1l. Linoleiec acid (1.0) 620 1022 1 62




Elant sxixasias

Aqueous aad aleohelic extracts of a auwsber of plast
matorials have beca fousd 10 coatala kianfas aad other grewth
substances (¥ala, 1963; Lethan, 1963). The effeet of a nusber
of plaat extracts as substitutes for coconut »ilk was, Lherefore,
tested oa Vigaa catjang callus cultures (Table 13). The methods
of extractioa are gives sader Materials aad Mecthods, Neae of
the extracts tested showed any siimulation whea coopared with
the coatrels aad growth was markedly less thaa that obtaised
with coceaut milk. Vigea catjassg callus extracts were lahibitery
st both the levels of S5 aad )0 per ctat (v/v) which were used ia
the tests.

Effect of pis

Figure (3) shows the effect of pi oa the growth of the
tissue fa WMaite's basal-ceconut sllk-yeast extrest-malt extract-
2, d=dichloropheacxyacetic asid modiua, The falilial pi of the
sodiun was adjusted o the ruquired valee by the sdditioa of
O IN sodiem hydroxide or hydrochlorie seid, It will be seea
that there is ea fscrease in the growth of the tissue as the
fajcial pll of the mediem is lacreased from 4.0 to 6,0, There
is however a decrease ia growth as ithe pil is lacreaged frem
6.0 10 9.0. A pH 9,0 the tissue does not survive.
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HYDROGEN ION CONCENTRATION

FIG. 3. EFFECT OF HYDROGEN ION CONCENTRATION ON GROWTH OF
VIGNA CATJANG MEDIUM USED:— WHITE'S BASAL + COCONUT MILK

{10 % V/V). YEAST EXTRACT (01 %) + MALT EXTRACT (Ol %) + 2,4-D
{O:-6 mg/L)
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UL QF ) U T PLANE AXTAACLS AS SJUSUL~
TULEs FoR _SoCOWT TILK

Nodium used: Mhite's basal; Y& (0.1 per oceat);
K (0] por oeat); 2,4=D (06 mg/litre).

Wet Dry Period of
Supplement weight welight lacubation
ng/tube mg/tsde days
1. Wediwm coatrel 430 2.6 30
2. Cocosut milk (10 per oceat) um 6L.0 30
3. iice washings(l0 per ceal) &5 24.90 39
4. Rice washinga(20 per ceat) 435 3.0 3
S. Ylgaa gatlgag extract(S per ceat) 50 20 30
6. Vigaa eatjang extractdOper osat) &7 290 30
7. ln?h-mm.h extrast 50 15.5 30
1 per oeat) Fractioa I
8. duglasa grasilia extrast ®? an.s 30
(%5 per oeat)Frastion II
9 Guwleaa extract 16 15.0 30
ons I G 11
(05 per cent each)
10, Lomoa juice extract (3 per oeat) 473 240 30




Effeot of varying the gas nhase’
T™he offect of the partial pressure of exygen asd of

carbon diexide oa the growth of the tissee was thea dotermised,
For studying the effect of oxygea teasion oa the growth of the
tissue, the tisswe was laocculated late 100 ml coalcal flasks
oa agar =edium asd the flasks were kept ia a voecwwn desiccator
aad the deslocator evecuated Lhree times aad refilled with
oxygon each time., Every alturanate day the desiccetor was
evacuated aad refilled with oxygea. Carboa diexide toansien
highor thaa that ia the atmosphere was malatained by leaviag

a saturated potassiwm bicarbosate solutioa in a desiccatoer
contalaiag the Uigaa sailang cultares fsoculated ia 100 md
soaioal flasks.

To study the effect of oxygea teasioa ia cultures ia
liquid media, 250 ml coaical flasks were prepared having sa
falet and ocutlot tubes fixed to a grouwsd-glass stasdard Jolnt
stopper attached to the aseck of the flask, A metal filver
paciked with cotton woel was fixed to the {alet tube and axygen
from a eyliader was passed through this fllwr. The outles
tube was alse provided with a cottoa filter plug. The whole
apparatas was sterilised before the experimeat. The falet
tube exteaded to about 3/4th the way dows the flask aad reached
almost to the level of the medium aad oxygea was passed every
day iato the flasks and the (lasks wore left oa Lhe rotary
shaker., Ia the shake flasks laocules weighiag 250 to 300 g
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frosh weight was used whereas i3 the semi-golid mediem, taree
ploces of faocculum haviag a conblaed weight of 90 to 100 mg was
used,

From Table 14 a0 sigaificast differeace can be seen
ia the tissue growa oa se=i-solid media wader a high oxygea or
carboa diexide teasion and the tisswe growa la the laboratory
stoogsphere, lHowever ia the ligquid media tissee growth {a flasks
receiviag oxygea was aearly double that obtaised ia the air
contrels.
AL

VIS ALIAG

Nodiwm used: Waite's basal; Y6 (O] per oeat);
ML (0. ) por oeat); CN (10 per oent); 2, (06 mng/litre).
Peried of facubation 40 days. (30 =l agar mediem and

7S nl liquid sedium added to flasks).

Wet wolght Dry weight
ng/flask  mg/flask

AGAR BOLE
1 Coatrel (air) 2 199
3 Congrel atn) u» ok
4 Carboa diexide 3300 19
Ll L s LN

Coatrel (air) 7670
13153

{
&3




Bake of growiis

Growth curve studles uslag White's basal with cocenut
silk, yeast extrast, malt extract, 2, i=dichlorephenoxyasctic acid
modia (Fig.4) reveal that Vigaa gatleag tissees follow the usual
growth pattera with a log phase whea oaly a slight growth increase
is observed till about the teath day follewed by rapid iscrease
la gro«th till about tse tweatyfifth day. After this peried
thore is a levelling off ia the growth curve,

Suojos of joeenlemt

As the callus tissue begias to grow oa the mediwm,
visible differeaces are observed ia the color of the tisswe in
contast with the medisn and the pertioas growiag upwards late
the tube away from the medium. The upper portiocas of the
tissue show distinct whitish outgrowths whea compared with the
pale yellow tisswe ia coataot with the mediwn, [aooulem chosen
from the upper aad lower portiocas of the tisswe aad alse at
randos were traasferred to fresh sedia to determise whether
differeat portiocas of the tissee would have similar grewth
rates oa subculture. Ia 0ae such experiment a portioa of the
modium was also scooped out Logether with some of the tissue ia
coatect with it and traasferred to fresh mediws to see if o
conditioned mediun would help the tisswe 1o grew without the
lag phage. Ia this experizeat the isoculus was used frem an
actively growiag 19 day tlsswe (Table 15). However ao sigal-
ficaat differences could be observed ia the rates of growth of
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the differeat sasples of isoculum (L, 2 and 3 of Table 135).
There was a 30 per ooat lacrease fa the welight of ilssue
after 2] days whea the mediun was slso trassferred aloag
with the lower portioa of tissue as laoculum. This suggestis
that the medium oa which the tissee is growm coatalas some
growth stimulating substasces. There was 3o differeace ia
growth after 36 days possibly due Lo 08 or more of the
sutrieats beliag exhausted,

Eigrogeanis exeslaatien’

Callus cultures of Yigaa caliang tissee grown oa
White's basaleyeast extrast-malt sxtrast-coceauwt milk and
2, 4=dichlerephencxyacetic acid media were fousd Lo be very
friable asd could be easily brokes with very slight pressare
or with geatle teasing to give a swmber of siagle cells.

Studies on 10 day old tissee showed predominsatly
very large vacuolated, differentisted, noa=dividiag cells
of various shapes asd sizes (average size varyisg frem 100
to 290 mu ia leagth asd frem 50 to 100 mu in breadth).
Various patteras of wall thickeaiags could be observed ai
thls stage. Since a0 cell divisicas were sotlced, a 5 day
old cultare was used to detormise the satare of cell divisioea.
Acoto carmiae squashes were prepared aad used for these
observatiocas. It was found thet there was coasiderable variatioca



AL S
Rl O QUL OF LNOCi

Nodiun used: Waite's basal; C¥ (10 per oeat);
Y& (0.1 por coat); W& (O] per ceat);
2, 4D (0.6 ng/litre).

¥ot weight Dry weight
Portion of tissee used ng/tube ng/tabe

2] days 9% days 2] days 36 days

1. Upper portioa of tissee 93 2567 51 132
away from the medium

2. Lower portioa of tisswe 1042 297 « 143
in coatact with medium

3. Randomly selected tigswe 1190 ame ol 1490

4. Lower portion of tissue 1315 2230 76 14

scooped with sose media




ia cell size though a majority of them showed fairly dease eyioplasm
aad large asclel. Clear metaphase stages could be observed ia

sose of the oolls ladicatiag the ocsurreace of astive cell

divisios at this stage (Plate, 20), Asother lateresting aspect
which needs further careful obsorvatiocas is the :.ocurrence of
cosacaytic oells (Plate,28). Ia Plate 2¢ an: latact cell with
noa=dividiag single aucles can be soen.



Callus cultures were readily obtaised fro= {igaa sailaag
hkypoootyls. White's basal medius geatalaiag cocesut milk was
saitable for obtalalag callus tissee. It was observed that callus
formation was iaduced oa media coatalalag 20 auxia (Table 2),
though for the coatinuoas growth of the tissue suxian was fouad to
be necessary. The iaitial growth respoase ia the absence of
added auxias is probably due to the carry over of the traces of
suxin which were preseat ia the hyposotyls thenselves,

e coatiawous maiatenance of this callas tissue was
fouad to require two other growth factors ia edditiea to WMhite's
basal medien, 2, 4-Dichlorephenoxyacetic acld asd a kinla, elther
coconut milk or kiseiia being essestial for {igaa sailnag salles.
(Table 3). Several plaat tissues caanol grow oa a wedium coatalning
suxin alose but require ia addition coconut milk, the two grewth
faciors astiag syserglistically. Steward and Caplia (1951) have
reported that potato tisswes showed a meried sysergism for cocosut
ailk and 2, d=dichlorophencxyacetic acid, Mitra asd Stoward (1961)
fouad a similar effect with their Uaplopappus cultares. Ia this
Laboratery callus cultures obtajsed from oplum Lissuwes (Sayagaver,
1965) were fouad to show a syaergisa for cocoaut milk and 2, 4=
dichlorophesoxyacetic acld. {gaa sallang callus cultures
regeables these tissues ia its requireseat for both suxia asd
kiala for ceatinuous growth,



White (1934) obtalsed ualimited growth of tomato root
tips on media coatalalag yeast extraci. Since thea yeast exiract
bas boen used for callus cultures of fera (Steeves aad Sussex,
1952), for polles culiures of Glagka hilaha (Tulecke, 1953) sad for
a awcber of other tissues. Molt extract bas beea wsed by
Loswenberg sad Skeeg (1952) for the vigorous aad coatinuwous growth
of Rladus stxohus sad by Stefnhart gi al (1961) for spruce
tisswes, Ia che studies with Uigaa satlang callus tissue (Table 4)
the additioa of both yoast aad mglt extrects were found te result
ia a mariesd stimulatioa of growth especially la a coconut =flk
mediun, The nature of the factors presest ia these supplemeats
which stimmlaie grewth is, however, 30t kaowa,

The minoral cospasition of the mediwm plays o very
isportast rele ia the growth of differeat plaant tissues sad orgaas
sad ia 1949 Heller verified that plast tissues are very seasitive
to migeral deficlencios. ™o medien wtilised by Waite (199%9) for
bis root caulture favestigations has beea found to be gatisfactery
for a swsber of plaat tissses. Ia this Laboratory opiu= tisswe
was fouad o grow well oa White's basal medium mad Mitra aad
Steward (1961) also obtaleed calles growth froe lapnlonapnas oo this
modium, Smith (perscaal cemewalcatiocn) using slightly modified
sodium was able to grow apple, mermaid rese aad a awmbor of other
tissues. Nurashige axd Skeog (1962) obtaloed » marked stimslation
of growth of their tobeceo cultures oa a miseral salt medism having
a higher salt cosceatratica, Gautheret's medium with Derthelot's
irace elemeats has also beea used successfully frem the time that



Gautheret obtaised his ialtial caltares of carret ia 1939,
Nobecourt (1999) ia his early stedies has alse wsed this mediem,
Hildebrasdt, Riker asd Duggar (1946a) adopted the “triasgle
mothod® for the detersisation of the optimus comcentratioa of
salts for thelr swaflower and tobacoo crowa gall tlsswes. The
proseat iavestigatioas oa Yigaa saklaag tissues indicate that
optimes growth is obtaleed efther with White's or with Ssith's
nineral solatioa (Fig.l).

Riker and Gutsche (1949) first attempted to stady the
roplaceseat of certala foas ia the medium asd established that
aitrate casnet be veplased by altrite. Sisdlarly Burkholder
aad Mekell (1949) workiang with twmour tisswes reported the
superiority of altrates over the ammoalwn salts and this was
later coafirmed by Heller for sormal tissees. A superierity

-~

of nitrates to ammosium salts was also fouad ia the preseat
studles with Ugaa sallang oultares (Toble 6). Ia the first
suboultare growth was also observed with oyasste as & altiregea
source but the tissee falled to survive oa this altrogea source

in subsequeat traasfers Lo fresh cyasste coatsialag oodiwm,

The effestive replacemeat of altrate by orgaals
altrogea compowads has beca reperted ia several iastaaces ia
the literature, Miokell and Burkholder (1950) sad Frask gi al
(1951) fousd that wrea allows excelleat growth, sometises
superior even to that with altrate, Riker aad Gatsche (1949)
pave alse tried the effect of replacing altrate by a swsber of
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endno oclds aasd complex substances like peptose, casein hydre-
lysate aand yeast extract asd fousd that although mest of the
scino acids casaot be utilised some of the amiso scids, such
as alaaine, glyeise, argiaise, aspariic asclid, glutamic ascid and
asparagine oaa replace altrate to & certaia exteat, whoreas
complex mixtures 1ike yoast extract and caseia hydrolysate are
well utilised by suaflower crown gall tisswes, I[a our studlies
with {igaa satlang calles tissuo, yeast extract or casein
hydrolysate or cogeaut mili a3 the sole aitregen source gave
excellent growth which was suporior to that with sitrate., Twe
growth with caseia Rydrelysate was Righ after 20 days but was
aot sigaificastly higher at 49 days possibly beceuse the smouat
of caseis hydrolysate was limiting. Asparegioe sad urea
supported growth Lo a lesser oxteat Lhan was obtalsed with
sitrate (Tsble 6).

The early favestigators ia the fleld of Aa xitra plaat
cultures believed that by calturiag chlorophyllous organs they
coald grow tissues without say carbea source. However, they
wore uasecoessful esad all plaat tisswe cultares have beea growm
oaly in media coatalalag a suitable carboa souree, the two sost
commonly wsed sugars belag glucose or suerose. Ia 1941 Gautheret
compared the sutritive valee of sscrose with that of several other
sugars at equimolar levels for the growth of carret tisswe, I
found sucrese to be the best carbelydrate souree followed by
glucose, maltose and raffisese. Fructose aand galactose were
less effoctive aad massose and loctose were the least efficacious.
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Ia 1903 Ball fousd that frectose was the best carboa source fer
ARqugly tissees and thet sewcrose partially flaverted by suteclaving
allowod better gpowth thaa sucrose. Loeweaberg aad Skeog (1952)
asd de Torok aad Thimaaa (1961) with plae tissues used 2 per ceat
secrose. Ball (1935) fousd 3 per ceat sucrose Lo be the optimum
for Jaguala caltures whereas Risser sad White (1964) fousd 5 per
ooat sucrese Lo be the optimwm conceatratioa for spruce tlissue
culiures. Sucrose was the best carbolydrate source for iigaa
aailaag callus oultures. Lactose, glucose and maltese alse
permitted growth, though at a slower rate thaa with sucrose.
Galactose, arabinose and xylose gave very little eor ao growth
(Table 7). The optisum conceatratien of sucrese is a kisetia
sedien was 4 Lo 6 por oeat (Table @) but in a cocoaut milk mediwm
Lhe optimem sucrose coaoeatration was Lwo por ceat aad Lhe grewth
was marikedly less at oae or three per ceat sucrose (Table 9).
Farthor work will be nceded to determise whether Lhe marked
difference la the optimun suerose conceatration with the twe
kialas is due to a differesce ia their mode of actioca or due to
other factors pressat ia cocoaut =ilk.

Mickell and Burkholder (1950) tested the effect of
sorbitol, lsesitel asd masafiol as sele carboiydrate sources
and fouad Lhat Lhese compounds could not malatala growth oa aay
of the tisswes tosted, I[a 1943 Gautheret fouad that glycevel as
the sole carboa source geve good grewth whea normal carret
tisseo was growa la the dark., lNHowever, he found that this
tissue could ot survive sabculture. Similarly Hildebrasdt
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asd Riker (1949) studyiag the effect of alcohols as carboea
sources fousd that methasel, ethasel aad propanel could not
sustain growth of tusour tisswes. Oaly glyserel susteined
growth apprecisbly but was clearly faferior to glucese and
sscrose as o sutrieat, [a the presest work with Ligas callang
cultures alse glycerel is the oaly pelylydric alcebol haviag =
sppreciable sstritive valws. Sorbitel asd ethanol were not
able to support growth of this tisses (Table 7)

The ase of codconwt milk was first latroduced success-
fully by Vas Overbeck ai al (1941) for La wiixa caltures of
ombryos of Uatuxa. Ia 1949 Caplia sad Steward caltured carrot
phloen fragmeats ia media cestainiag coconst milk 2ad fouad that
satoclaviag of the liquid had 0o deleterious offect oa its potensy.
The most effective levels wore fouad Lo bo from 5 to 20 per oeat
by voluse of the media (Duhamet, 1950). {igaa satiasg cellas
cultures alse show a requiremeat for cocosut milk the optimsm
coacentration belag 5 to 15 per oceat (volwme by velwme) (Fig.2).

Auxies are now geserally ased ia the cultivation of
sormal tissees. MNorel and Wetmore (195)1) used asphthalene acetic
scid for thelr Asarphephalles cultures. Jageadorf asd Nayles
(1952) fowsd ihat pars-chlorophensgyacetic acid causes callus
formatioa Lla cabbage roots sad Relsert asd Mhite (1956) esplayed
0.1 mg per lisre of 2, é=dichloropheaoyacetic acid fer their
cultures of spruce oells. Ia 1964 Risser sad Maite found that
for the growth of spruce callus, S-ssphihoxyacetic scld was



72

capable of replaciag 2, 4=dichlorophescxyscetic acld 1n the sstrieat
modien, Thus differeat tisswes show differeat awxia roquireseats.
ia studies with Yigas satlagg the optimus growth was observed with
several auxias, 2, 4,5 trichlorophesexyacetisc acid, 2,4,5 wrichloro-
pheaoxy preploale acld, metiyl iadele mcetic acid, A-naphthexyscetic
scid, a-asphibalescaceric acid aad 2, 4-dichlorophencxyacetic acid,
ladele acetic acid and 2-beazothiemelylaxyacctic acid were, however,
ishibitery (Table 10).

[a 1955 Geutheret tried to replace the sugars ia the
growth mediws of carret tisswes with oxalle, pyrevic and tartaric
acids and fouad them to be toxic evea at 0.2 per ceat coaceatratiocas.
Similarly Mildebrasdt asd Riker (1949 aad 1953) tried the effect of
sixtocn differeat organic asids oa thelr tisswe cultures sed
established ihat ia gemeral thoir ssiritive valee was iasigal ficaat.
They also tried addiag the orgasic scids st 0.5 per cont coacentra-
tioa in coajusction with sucrose, but obtalned no added growth with
thelr tisswe cultures. A ammber of loag chala fatty acids was
added to the medla ia coajuastion with sucrose and theiy effect
tried on Ugaa catlang cultures ia our studles. Mese of the
fatty aclds tested could replace cesenut milk {a the mediwm asd
the growth obtaleed la their presesce was oven less than that
obtalned la the coatrols without coceaut milk (Teble 11). Nereover
aeae of the acids tested with coconut milk stimulated growth
Sore thas la the coatrels aad liselelc and olele sclds were found
to be slightly fahibitery to growth (T,ble 12).
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Certain extracts from seeds, fruits or sie= are kaew to
possoss cell divisioa prepertios., Ia 195) Witsch sotloed that
tosato Julce, llke cocoaut milk, stisulotes orowa gall tissee
preliferatioa. Maia (1963) isolated frem tosato Juloe a cell
division faster capable of stimulatiag growth of explants of
eliaaihis Labecosus o e presesce of auxia. Similarly
astoclaved aqueous extrasts from peach fruitlets were fouad by
Lavee (1963) to coataln sataral kialas. Miggans (1954) found
that the julee of grouad carrot lesves stimulates the proliferatioa
of this specles ovea after iadole agetic acid aad other orgealc
acids of the Juloe are previously elisiaated. Oa the contrary
be found reot extracts to be toxie to carrot tisswes. I our
studies oa Ligaa Gaklaag tisswo it was observed that aqueous
or aloohells extracts of rice, alges sad lewoa were lueffective
ia promotiag growth of the callus asd Lhe growth was oaly equi-
valeat to that ebtalsed ia coatrels with no cocosut milk sapplemeat
sad very mach lower thaas that of tisswes rveelviag coconut milk.

Aa extract prepared from the callus cultures of (igaa aaklaag itself
a0t oaly hed 30 kiala activity but was ia fast ishibitory (Table 13).

Uildebrasdt gi al (1935) stedied the effect of the
hydrogon {oa conceatration of the medium oa the growth of tebacce
aad suaflower tissue ead found chat at pll 3,0 the tissues were
adversely affocted while eptinum growth was obtalsed betwoes 4.5
and 6.0, White aad Risser (1964) have fousd that spruce tissues
have a ph optimus betweea 5.5 o 6.5. Yigua satiaag cells ia
our studles have boen showa Lo have a broad pil optimum botwees
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5.0 o 7.0 (Fig.3).

A free access of atmospheric air has beca shown to
be importaat for the growth of tisswe cultures., Thus surface
cultures o2 aq agar medism are uwsed ia preferesce to statiemary
submorged cultures ia order to easure adequate seration.

Wite ia 1953 hoad showa that If carrot cultures are removed,
woighed asad returaed to the same substrate at regular iatervels,
greater growth rates could be obtaised from those left wadis-
turbed. Bat ia 1964 Waite and Risser with similar experiseats
oa spruce tisswes fousd mo marked effest and concluded that
seration is not necessarily a limitisg facter 12 this case.
When Yigaa satlang cells were grows oan agar either in pare
axyges or ia alr ceatalaing a high carbea diexide conteat
(Table 14) a0 sigalficast differesces cosld be ebserved ia
the growth of these cultures asd those growa ias alr, lNelther
oxygen aor carboa dloxide is limiciag {2 agar cultures. Ia
1iquid sedia however, eoxygen was found to stimmlate growth to
s marked degroe, The amoual of lsoculun used {a these studles
was greater thaa la agar oultures aad the rate of diffusioa of
oxygen may bo limitiag so that better growth was obgorved ia
exygea thaa in air, Several plaat cultures have been shawm to
have a growth curve similar to that of migroorgaaisns with an
faitial lag phase, a period of rapid growth, a subsequest perioed
of slow growth asd thea a lovelliag off ia grewth, Spruce
tissues of White and Risser (1964) showed a lag period for about
S days fellowed by the period of maxious growth betweea the
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fifth aad the tweatyeighth day. Caltures of (igaa sarlasg callus
growa oa agar media (Fig.4) show aa iaitlel lag peried of about
tea days, a period of maximun growth till about the end of the
fourth week aad thea a levelling off of grewth,

White and Risser (1964) ia exhaustive stadles with
spruce tissees have fouasd that serasbliag of cultures before
incculatioas late fresh media, ceuld greatly redece the variable
results obtaised with tissee cultares. Whea Yigaa sallaag isocalum
was chosea froo differeat pertioas of the stock callus and
suboultured {ate frosh media (Teble 15), ao differeace ia ihe
overall growth rates could be observed bat whea the mediws was
also trassferred aloag with the lower portica of the tisswe as
fooculen, a 30 per cont iscrease la the weight of the tisswe was
aoticed after 2] days suggestiag perhaps the preseace of seme
stisulatory subsiasces ia the speat oedium,

The results obtalned in the preseat studies have este-
blished the sutriticasl requireseat and tie optimen coaditioas
for cultare of {igaa saiisag callas. A basal =iseral salts
modium coatalnlag vitamias, an ouxia asd a kiala are requlred
for the growth and survival of this tisswe. Ejther White's
or Smith's basal salts sediwn gives the best growth ia compe-
rison with other basal media. Several syathetic suxins (3,45
trichlorephenaxyacetic asid; 2,45 trichlorephescxy propleale
acld, metiyl indole acetic acid; B-asphthexy acctic scld,



a-naphthalese acetic acid aand 2, 4=dichlorophencxyacetic acid)
wore equally effective, Lither kinetin or coconut milk showed
kinia sctivity aad swpported growth, though the latter gave
better growth., Both lsorganis and orgaalc aitrogea seurces
(nitrate, yeast exirast, cocosut milk and caseln hydrelysate)
wore effestively utilized. Sucrose was the best carbea
source asd the opillses gonceatration was four to six per oceat
with kisetia and two per ceat with cocosut milk, The
optimen conceatratioa of coconut milk was 5 to 15 per ceat
volese of the medign, Tissee growih was marikedly stissuleted
by the additioa of both yeast extract asd malt extrast at

0.1 per ceat coacemtration especially ia the preseace of
0ooonut milk. The optimun pli was found 10 be la Ll renge

of 5.0 to 7.0, Under these eptimus coadicleas Ligaa sallang
callas cultures ieve bees maistaiedd with periodical sub-
oultures for sbout twe years without say dimisatioa la growth,






STRLSS OF RGN CAUIANG TLSSE N SuAE FLASS

Ia additioa to establishiag coaditicas for the growtd
of Ligaa sailaag cultures oa semi-solld agar medls, the growth
of this tissue fa liquid media usder agitatioa was thea stadied,
Since the tissue grows as a large, compact mass oa agar, the
rato of diffusion of nautricats from Lhe agar mediem to all
the colls may be slow asd limit the growth of Lhe cissue.
Soreover, ihe recoval of sambles of the mediwm asd the deter-
sinatioa of the rate of stilizatioa of differeat constitiweats
of the medium would offer considerable difficultiies with agar
media, Heace the growts of i, gailang was stadied ia liquid
cultures which wore agitated on a rotary shaker. Simulie-
seously the mediem was ssalysed after differeat periods for
aitrogea, phosphorus, iroa, sucrose mad hydrogea ioa coancea-
tratioa. T™he results of these stadies oa the groeth amd
motabolise of the tisswe are preseated in this chapter,

Tairtytwo 250 ml Srleamwyer (lasks, cach coataialag
75 ml of WMhite's basal-yeast oxtract-malt extrast- coconst
=ilk=2, 4=dichlorophosoxyacetic acld medium, were Laocculated
with 400 to 4950 ng fresh L aallang tisswe and kept on a
rotary shaker at 100 to 120 revolutions per winute, At



regular fatervals flasks were removed ia duplicate aand the
coatenis filtered through Whatmea Ye.l filter paper. The
tissue was dried betweea folds of filter paper aad the wet
aad dry weights wore determined as aswal. The filirate was
used for asalytical determinatioas after correstioa for
evaporatioa.

Under these coaditions of growth the tisswee broke wp
iato fragoeats sad s large samber of siagle cells were also
detected ia the media uader a microsoope. lowever when this
tissuo suspension was subcultured lato fresh media and shakea
as bofore, it was obgerved thot ihe tissue lost most of its
inicial friability asd clumps cospesed of a large musber of
cells were formed and very fow or me free floatiang ocells
could be obgerved on misroscopie examinatioa.

From Fig.S it will be soea that the lacrease in fresh
wolght of tho tissue was about 200 to 250 per oeat of the
faitial 1scculem oa the sevonth day, 400 per ceat oa the
fourtoents day, 1400 per oceat oa the tweatyfirst day aasd
3000 per coat oa the tweatysixth day., There was so further
iacrease ia growth due possibly to the depletioa of some
esseatlal setricat or sutrieats la the medium,

The rates of utilizatioa of some of the autricats at
differeat perlods of grosth {a liquid sedia were then
studied and the resulis are sumsarised ia Table 16.
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+2,4-0(0:6 mg/1). (LIQUID MEDIUM)

FIG. S. GROWTH CURVE OF VIGNA CATJANG ON WHITE'S BASAL +
COCONUT MILK (10 % V/V) + YEAST EXTRACT (0] %) + MALT EXTRACT(O:1%)



Lideda

4 LIGOID CULTURSS oF XLGM CATIAS

Nediem: Wnite's basal; O (10 per ceat); Yd (0.1 per cest)p

NE (0.1 por ceat); 2, 4D (0.0 my/l).
400 to 450 ng fresh tissee added per [lask.

wu.: Nodium "hul wr““ Caloiws [Iroa Sucrose
. days pid -:l'r wgy/=l s/ml  ug/el wmg/ml
‘u?- 5.8 170 16.5 EZ] 1.3 29
before
isoculation)
3 6.0 i 16.1 L ) 1.2 28
S 5.6 150 15.6 4 .2 2
7 5.0 1% 1.4 42 led p -]
12 5.6 %9 12.3 41 1.0 3
14 5.0 & 12.4 M 0.9 2l
v 5.0 - 7.0 » 0.0 21
19 5.6 70 .3 9 o7 18
2l 5.6 7 1.6 4 o7 17
a 5.6 ¥ 1.5 39 below 06 16
20 3.6 33 8 % - "
2 5.6 52 s 5 Y] - "
32 5.6 59 2.8 36 - M
40 5.6 & o3 M - »




B

Iy s evideat from the table that there is a0 sigaificant
change ia pH duriag the eatire 40 day period.

The modiva lalcially contalsed 12.8 mg of {Jeldahl altro-
gea (derived fro= ihe orgasic cospousds preseat la cocomut =fli,
yoast oxtrast asd malt extrect) and oaly 2.6 mg of inorgsale
aitrogea (added as aitrate). Since the latier coastitutes oaly
a ssall fractioa of the tetal nltrogea and prelisisary expericents
indicate that most of the altrogea Is witllized, the study of
aitroges atilization was restricted oaly to the determiaation of
geldahl aisrogea of the mediun, I[aorgaaic aitrate ls sot
estivated by this methed. There was a progressive reduyctioa in
the total aitroges ia the mediuc till sbout the twearysixth
day. The decrease {a the medium aitrogea paralleled the iacrease
La wolght of the tissee. The slight (acreage ia the nitrogea
coatont of the medigm after the tweatysixth day =ay be dee to
astolysis of gsome cells asd release of their coateats lato the
redign, It is of laterest that searly T35 to 90 per cont of all
the nitrogea (migro-Xjeldanl) is utilimed by the plaat cells,

It may be soted that exoept for the set of flasks removed oa
the fourteeath day the data clearly indicate the progressive
atilization of substrates and growth of tissue.

aesphaoas:
The total phosphores coateat of the mediwa (16,5 wy/ml),
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which incledes inorgealc phosphate and also the orgaaic phosphate
of coconut milk, yeast aad malt extracts, progressively declines
to about 0.8 ug/nl oa ihe tweatysixth day after which there was
a0 further decrease. The residual phosphorus is possibly either
ia a non-utilizable form or is the resalt of release from the
cells due to autolysis.

Galalwm:

Ualike aitrogea asd phosphorus, the calciws content of
the nodlen Is appareatly la great excess over the requireseat for
growth asd oaly a small part (betweea 10 to 20 per ceat of tesal
caleiun) of the caleiws i the mediem is utilized over the eatire
period,

Lraas

The iroa coateat of the medium decreases from 1.3 ug/aml
to less thaa balf this vales by the tweatythind day. Siace the
quaatity of iron was 100 small to determise at this stage, it
is not kaowa whether all the iroa la the medign was used wp by

the tissue.
aallxosn:

For the estimation of sugar ia the medium, 23 aliquet
of the medism was hydrolysed with IN hydrochlorie acid fa a
water beta at 100° for IS miautes, cosled sad thes seutre-
lised with 1IN sodiwm hydrexide. The sugars were estimated with



Fehling's reageat ascerding to the procedure of Bertrasd amd
Thomas (1520) aad the resulis were expressed as “sucroge”
though sucrose as well as moaesaccharides may be presest ia
the medium, The sworose ocoanteat of the medisn decreases from
29 mg/ml to about 4 mg/ml after 20 days after which there is
1itele or a0 further utilizatioa. Secrose like caleliws,

is therefory, sot lisiting fer growth,

The asalysical data indicate thet there is progressive
utilization of all the medium coastitueats wileh wore
ostimated asd that seerose asd calclem appesred (o be present
ia adeguate quaatities whereas aiirogea and phosphorss (and
possibly iroa) were limiting sad the deficieagy of cae or mere
probably leads to cessatioa of growth. The effect of
increasing these laorgaalc coastituents was, therefore, studied,
‘The pessibility that other suirieats or grewth factors are
limitiag was also exanined. Siance it is aot possible to
estimate all the coastitucats presest ia yeast extraect,etc.,
additional quaatities of yeast sad malt extrast, 2, &=dichloro-
phesexyacetid acid asad kisetlis were added after cach week.

If growth is limited due to aay of these coastitucats being
dopleted thea the addition of these subsiaaces should show a
growth stimulatioa. Nercower, these substazoces whea added
inicially at higher levels to the medium are ishibivexy whereas
periedic additioa of these coastitueats as they are belag
coatinuously utilised would be preferable., Kisetia was added
fanstead of coconut milk siace the addition of the latter would



result ia uadee lacrease la volume, Ia the first experiment
fndicated fa Teble 17, kiaetia, yeast extrasi, ralt extraect,

2, é~dichlorophencxyaceiic acid were added st weekly latervals
10 the tisswe growiag ia shake flasks, The differeaces cbserved
ia the dry weights betwoea the coatrel flasks asad the flasks
receiviag weckly sepplemeats were segligible

The effect of iacreasiag the level of laorgasiec coastiiuwents
and addiag other compounds sach as glutesiae, asparagine and
inosito] which have boon fousd to stimulate growth of plast
cells, was thea tested.

The compositica of the modified mediem aad the gquaatities
of suppleseats added at weekly latervals are showa la Table 1.
It wi)l be observed that a mere lacrease ia ithe lnergeale
salts aad supplemestation with glutamine, asparagise and
inositel did aot sigaificaatly iacrease the total tisswe (dry
weight) per flask above the valwe of 0.6 g» obtaleed with
wssodified White's basal medium (Table 17). lowever the
addition of yeast extract, =malt extract asd sucrose resulted
13 & marked iacrease in growth which was over twloe ihat of
the coatrols. The additioca of glutamine, asparagioe and
inositel aloag with these supplemeats had a0 additiosal
stisulatory effoct whereas supplementatios with kisetia and
2, 4=dichlorophesoxyacetic asid abolished tie effect due to
ralt extract, yeast extract asd suorose. Addiclosal work



will be secolsary o determine whether yeast exiraot,

malt extract or sucrese or a cosblsatioa of all three is
required for eahaacisg the weight of the tisswe. Slace it
was difficult to obtala large quaatities of tisswe which
are requived as laocula for these stwdles, it was aot
possible to coatiaue this work oa sulerged celture of
A.aanlaag.
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Qi Dl GRAUDLOF TISSuR

Modien uwsed: Whice's basal; Klaetia (1.0 pepe®.);

12 (%] per ceat); ' (0.] per oeat); 2 4=D(0.6 my/litre);
400 o 430 mg fresh tissue laoculated fate 250 ml

flasks coatalalag 73 nl wediss.

At weekly latervals 40 ug kisetia, 40 mg yeast

extract, 40 ng of walt extract aad 40 ug of 2,4
dichlorophenoxyacetic acld were added aseptically

late oach flask. Coeatrol flasks received ae
repleaishmeats.

Perfod of Wet weight Dry weight
Additicas lacubation gn/flesk  gu/flask

0w 4 11.5 %66
I, W, 3,40 4 1.0 .65
S, W, 3,40 5 10.7 N
N, & 3,0 o 16.0 %52
15 W, 44D 7 13.0 %39
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PPEGT OF R ANLSSIOTS QF QIFFRGI SITRLATS QU
LU GALLAE CAULS CULTURED [N SHARE FLASS

Modien used: White's basal with K1 (160 my/1);
NP0y, 20 (320 mg/1); (i) 250, (790 my/1);
Moy (100 wg/1); Ferrous SUTA (5 ml); Sediwm
molybdate (0,25 my/l); Cas0,. 58,0 (0,025 =g/1);
““3: (0,025 mg/1); Y& and % (0] per ceat);
gletamioe and asparagioe (200 my/l of each);
ma-lsesitel (100 my/l); 2,40 (0.6 mg/l);
Sacrose (3 per ceat); Gibberellic ascid (1 mg/l).

Yi and Y (40 my cnch); sucrese (0.5 gm);
kisetia (40 ug)i 2, 4=D (40 wg); glutamioe ead
asparagiae (15 ag each) aad gra-isesitel (7 mg)
wore added aseptically at weekly latervals. The
replealshavats made are specified {a the tadle,
Period of lacubstioa: 30 days.

Wet weight Dry weight
Wookly repleaishoont oo/ flask 9o/ 1ask
oae 12 2,60
Y5, M sad sucrose 20 1.48
14, W, sucroese, " 0.7
and 4,40
Y§, W, sucrose, f"‘"“" 18 .42
asparagiase, lnesitel




Suallol 2
FIEIRSION )

Saspeasioa cultures have sow beos derived from a
sunber of differeat tissees by traasfer of tlsswe fragmeats
to agitated liquid media. Aa examinatioa of these suspea-
sloas has usually showa the preseacs of free cells, swall
cell clemps of four to five cells and larger groups of
several suadred cells. Noreover, the assber of free floatiang
colls has beea found to vary with the tisswe (Mlekell, 1956)
depondiag oa its friability and also oa the compesition of
the mediee as showa by Torrey asd Shigesura (1957). Street
and lHeashaw (1963) ia a reviow of the work oan suspension
cultures have polated out that data regardiag the growth
rates is sespeasioa cultares are still fragoeatary. Torrey
L al (1962) working with suspeasion cultures of Coaxalunlas
root callas observed a marked peak in mitosis after sevea
days after isocculatioa, a marked fall ia this frequeacy after
two wooks, and a0 mitoses after three woeks. Tholgh miteses
wore rare after fourtoea days of culture, the fresh and dry
woight of the tisswe coatlawed to iacrease evea afier this
period.

Ia growth studies with sauspensioca cauliures of
Ugna satlang derived from hypecetyl callus we fiad lacreases



in fresh woight most marked betweea the J4th asd 23rd days
with a lower growth rate before i4 days. Mowever nitoses

and cell couats were set studied with the cell suspension aad
boaoo 20 coaclusioas caa be drawa as to wheiber the increases
ia fresh aad dry weight are due Lo locrease ia oell auwsber
or merely to depositiocas of starch ssd oell wall substasces.
There are sany reports oa the growth of plast oells {a liquid
media, (Byree asd Koch, 1962; Tulecke asd Mickell, 1960) and
sevoral differeat medis have beea suggested. The study of
the growth of plant cells in shake flasks offers a useful
method for determianing the rates of wtilization of the
sabstasces ia the madiee which may throw light oa such
isportaat fectors as the lag phase and lead to improved media
and to betier growth. However very few tize-course studies
oa the rates of tissue growth aad atilisstios of medium
coustiteeats bave boen made. Sech stwdies with (igaa satlang
suspensions cultures reveal thet the utilization of the
substrates ead-parallels the lasrease ia the weight of the
tissue aad that the altrogen asd phosphorus aad possibly
iroa ia the medium are almost cospletely autilized whea
growth stops. [here is a considerable amosat of sucrose

aad calelem still remalaing in the medium at this stage
(Table }6).

If growth of the tlssue stops because of the
depletion of some of the basic suwtrieats ia the medium, thea



an addition of differeat supplemeats should preleag the
growih of the tisswe. However surprisiagly evea when kisetia,
yoast extract aad malt extract asd 2, 4~dichlorephenoxyscetic
acld were added every week to suspeasion caltures the overall
yield resained wachanged and was the sase as la the coatrels
(Table 17).

Reloert and Waite (1956) coasidered glutamine at
50 ug/l to be esseatial for spruce twmer cells. Glutazise
could sot be replaced by glutasie acid or asparagine.
De Torek asd Thimaaa (1961) fowsd asparagise to be indis-
peasable for tumorous aad mormal tissses of Picea glasca.
The preseace of mga-isesitol ia coconut milk has boen
reported by Pellard g al (1959). Since thea isesitol has
been reutiscly lacorporated ia mest tisswe caltare media,
Stelnhart gf al (1961) fouwad that normal tisswes of Blaga abiss
grew well {a the presease of laesitel.

Whea { garlaag callus was growa ia a medium
coatalalag higher smouwats of irea, altrogea aad phosphorus
and other salts, as well as glutamine, agparagise and isesitel,
the grouBh was 20t more than chat obtalned oa the standard
Mite's basal mediun, Oa the coatrary weekly supplemeatatien
of yeast aad malt extracts and sucrose resulied ia o dewbling
of the fisal dry weight (Table 19).



Street aad Hoashew (1963) reviewing the earlier werk
ia suspeasioa caltures bave stated that 12 most of the published
data oaly 10 to 30-fold lscreases coald be obiaised oa s fresh
weight basis. With figaa gatlaag oells growa oa a high salt
medius, costalalag gletamine, asparagine and isosito]l and
receiving weekly repleaishwouats of these subsisaces together
with yeast extract asd malt extrast sad sucrose, Lhe wet
woights showed a 43-fold lacrease sad the dry weights siosed
a 59-fold {acrease as cospared with the controls which showed
a 30 aad 24 fold lacrease in thelr wet asad dry weights respe-
ctively. [t remalas to be determised whethor the {acrease ia
woight is due to iacreased cell divisiea or to the dopositioa
of o0ll material., The cbserved growth rates are, however,
comparable to the best results obtalaed with other plaat tissues
and {adicate that callas tisses of L satlang is @ sultable
satorial for stedles waich require plaat cells capable of repid
growth la LiLzo.






QUL AT OF LU ALLANE LS TISSl

Studies oa the establisiment of callus cultures of
Loatlang aad the optimen conditioas for the grewth of this
tisswe were described la previcus chapters. The chemical
corposition of the tissue was thes studied and the resulis
of asalysis for altroges, calelss, phosphorus, carbolydrate,
free aad bound anino scids and sugars are preseated ia this
chapter,

dsxenes. Phesheniaaad Galalay

For the ideatification awd estimatioa of some of the
tissue compoaeats sad ceastitweats,ef (.gallaag cellus was
growa for three weeks oa White's basal-coconut milk-yeast
extrast-calt extract asd 2, d=dichlorophesoxyscetic acid
wodien, For the ostimation of the total aliregea conteat
the whole tissue was used whereas for the estimstlon of
the alcohol soluble amitrogen, the tisswe was extracted with
80 per ceat aloohol at 50°. For estimation of calolus the
tissue was extracted with dilute acetic scid sad calciwm
estimated as oxalate as described under Materials & Netheds.
The moisture coateat of the tisswe was determised by drylag
to coastast welight at 110°,

9



The results are tabulated ia Table 19. It will be
goted that the melsture coatent of the tisswe is 94 per ceat.
Oa a dry woight bdasis the total aiirogea coateat of the tissee
18 1.6 to 1.7 por ceat of which 0.32 per cvat is alcebel
soluble. If the alcobol lasoleble altrogea is assused to be
proteia altroges, the protela seateat (N x 6.25) of the tissue
is 8.85 por osat oa » dry welght basis.

IASE IS

AVLISIS OF LU GALUE CALLDS TISSS
ug/ga fresh

4 g

Dry wolght 6.0

Total aitrogen 1.06

Alcohol seluble altrogea %19

Caloluen ' 0. 26

Total pheosphorus o17

Exasaad _hosad anlae asldy

The free amine asids preseat ia the callus tissee
and the 22100 acids of the tlsswe protela were thea deter-
mised., The freo aad bousd auise acids of the hypocotyls of
Lannlang seedliags were also determined at the seme Live,
50 that the anlno acld cospositioa of the callus tisswe and



the aormal tissue could be compared. The seedliags were
obtalsed & days after germination aad the hypecetyls were
removed.

The callus tisswe and the hypocetyls were separstely
woighed aad extracted by grindiag wader het 30 per oest
alcobel with acid-washed sand. The extractioa was ropested
four times witd 80 per ecat alocbol at 50° asd the extracts
of each tissue were combised. The total ethaselic extracts
wore chea separately passed through | x 5 om bed of Dowex
50 x 8 (4 form)200-400 mash Lo remove the free aminoe acids
and amides. The solemas wore washed with deioaised water.
The usadsorbed material and washiags were cosbised and uged
for the ideatification of sugars which are sot retalned oa
the colasma, For the detection aasd ostimation of the preteia-
anine asids, the alcohol insoluble residecs were dried
AL vagaa over phosphorus pentoxide ia o Flscher dryer at
110°%  Aliquots of the residucs were hydrolysed separately
with 64 aydrochlerie acid at 110° for 13 hours ia evacsated
sealed Labes, The hydrolysates were taken to drysess
soveral times la a vacsua desiccator over comceatrated
sulphuric acid and potassium hydrexide aad thea dissolved
ia isopropyl aloohol-water and adsorbed ea Dowex 30 H' celuma
as described above. The frec and bound amine acids were
eluted frem the Dowex=350 colusas by the method of Plaisted

(1938) aad were ssalysed quantitatively by the twe
!
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dizeasioaal paper chromategraphic precedure of Perter g al
(1957). The andoo acids were fdeatified by cemparison with
chrosatographlc reas of stasdard amiao scids.

The free anise acld composition of the callus and
kypoootyls is shows ia Teble 20, XL caklasg bypecotyls aed
kypoootyl callus cultures showed differesces ia the nature
asd coateats of tholr free anino ascids. Serlse, asparaglse,
threonine aad tyrosise were presest la the hypocotyls but were
not detected {a the callas tisswe whereas glycise was detected
fa tho callus tissee but sot {a the hypocotyls. Oa a fresh
welght basis hypocotyls coatained a greater amoust of free
sniso acids. The aspartic acid aad asparagiase coasteats la
the hypocotyls were very high asd secouated for roaghly 25
per oot of the total s=iso eolds oa a welight basls wiile
oaly upmu‘uu is preseat ia the callus aad represoats
oaly 5 per ceat of the total auine scids. Siace pheaylaleaalne,
fsoleucise aad lowcine la Lhe stasdard amine acid rua appearvd
as a slagle spot the correspoading spot ia the extracts was
assened to be a combisation of the three,

Taree uaideatified alahydria pesitive spots were alse
detected la chrematograms of callus extrasi, haviag iy values
of 014, X172 and %350 ia butaselissetic acid: water and
Odl, 073 and 0,600 ia phesolissscalaiwater respeciively. Three
waldentified alalydria positive spots were also detocted ia the



oné
hypocotyl extract/ haviag sa Ry of 2231 aad 0,634 ia

butanolisoetic acldiwater and phesoliammoalatwater respestiively.

The axino acld cemposition of the tissee protelas is
showa ia Table 21. The values are expressed la terms of
salno seld altrogen as pereentage of total altregea detersised,

Froo Table 21 it can be seea that ihe sase anlae
scids are preseat in both callus sad hyposetyl protelns
mcuuuuu-“unql-um-n-. The
mlmum-uuuuu-mdmu
aspartic acld and glycles whoveas e callus tissee protelas
are richer in argiaise.

axhoiicaiea’

The segars ia tbe callus extract were isolated frem
the fraction oot asdserbed o4 Dowex-30 as iadicated above.
This frection aed washlags froe the colusa were passed threugh
a 1 x 10 o bed Dowex 1x10 (200-40 mesh) (acetate form) teo
renove the sos-volatile acids. The fractioa passiag through
the Dowex-] colusa which contalsed sugars was Lakea to
drynoss. The dry vesides was disselved ia a ssall voless of
water, shakea with chloreform to remove pigmeats and the
aquoous layer was kept for sugar asalysis. The ideatification
of the sagars was carried out by ose dimeasicasl sscendieg
paper chromatography oa Whatnas ‘o.4 filter paper. Ruas
wore carried out usisg two differeat solveat aystess:
butanoliasetic acidiwater (4:1:3,v/v) sad phencl sstureted



Hypocotyls were cut frem 6 day oldguﬂut:a
seedliang. Callus was obtalned from 2] day
tissue growa te's basal, cocoaut ailk,
yeast extraet, extract and 3, 4-dichloro-
phenoxyacetic ssid medien,
1 Calles
Aoiao scid ndr n/r
wot tissue wet tisswe
1  Cystele acld 30 32
2 Aspartic scld 56 b 1)
3 Glutamic acid 15 4
4 Glyslse a0t detected »
S Serlee 16 a0t dotectied
6 Asparagise (o) 20t detecied
7 Lysise 3 |
8 Arglaise 3 4
9 Alsalse 50 32
10 Threocaine 17 aot detected
11 Tyresims s aot detected
12 Valiase 7 19
13  Methiocalne 50 12
14 listidiae 7 0
15 Prolise trace "
10 liydroxgprolise a0l Jetecied a0t doteoted
17  Pheaylalaaloe
10  Isoleaciane S0 17




AL 20
RAGDALE ALLIQ ACIAS OF LCATIAN CALLIS & SSUllic teocirios
lypocotyls were exclsed from 6 day old nated

seodliags. Callas tissee was obtalsed 21 doy
old tisswe growa oa White's basal-cocoast =ilke

:a“s .:::a-u exiraci-2, é=dichleropheaoxyscetic
Arioe scid ﬂaul}:‘md htc:lol:t:l:..:'lol

total N total N

1 Aspartic scld a7 3.2

2 Glutanic scid 5.5 0.0

3 Serim 7.9 11.0

4 Glyclose 3.4 1.0

5 Threoalse 3.4 4.6

6 Alaaine 0.7 12.0

7 Tyresise L2 1.0

8 Valine 5.6 5.0

9 Histldine L2 trace

10 Arglaiase 8.0 15.6

11 Lysise 16.9 .7

12 Prolise &7 &3

13 Hydraxyprolise L8 2.0

14 Phoaylalaaiee

IS Loucine 7.8 16,0




with water. Gaide strips of kaowa sugars asd of the tissue
extracts were developed with Op2 per ceat asphtberesercinsecl
ia ethanol ssd phosphoric acid (911 v/v) at 90° for 5 minutes
accordiag to the methed of Brysoa asd Hitchell (1951).
Correspoadiag areas were thea out from wadoveloped pertioas
of the chrosatograns aad Lhese were elated with hot water
aad the eluate flltered through glass wool. The e¢lsate was
dried under a streas of warm aly, Two millilitres of water
were added followed by 4 ml of a 2 per ceat solutien of
asthrone ia coscentrated salphuric seld, the tubes were allowed
to stand for ten misutes aad the optical deasity was read at
&4 o2 1a a Uajoam SP 600 spectrophotometer,

Sucrose, frustose and glucose were ideatifled
wasnbigiously la extracts of L gaklang callus and the
quastities are shomy ia Table 22, The fdeatity of these

Ldde 22
CARBOEYDRATSS OF (TGN CATIAN CALLUS CULTURES

bg/ge frosh iissue
Glucose 0. 68
Sucrose 0.82
Fruotese %76

sugars was also coafirmed by proparatioca of the osazoses and
observing the characteristic osazese orystals wader the
microscope. The three sagars are preseat ia mearly equal
smogats ia the tisswe. As waldeatified sugar which reacted



FRUCTOSE FRUCTOSE

GLUCOSE GLUCOSE

SUCROSE

UNIDENTIFIED LACTOSE

SUCROSE

VIGNA CATJANG EXTRACTY

SOLVENT SYSTEM: BUTANOL: ACETIC: WATER
(4:1:5 wvV)

FIG. 6. IDENTIFICATION OF SUGARS PRESENT
IN EXTRACTS OF VIGNA CATJANG CALLUS.




with the sspathoresorcisal-phosphoric acid reageat was alse
detected aad had an l‘ valee in butasoltacetic acidiwater
correspoading to that of lactose.
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The cheaical compositioa of callus caultures
derived frem differeat plaats shows marked differeaces. Ia
this Laboratory (uapaublisded) opis= callus culiares were
fouad to bave a total aliregen, phosphorus aad caloium coateat
of 2.05, 3,26 asd 0,56 mg por gram of fresh tisswe regpectively.
Nalzo callus o2 the other hand has a teotal aitrogea coateat of
2.5 ng per gram of frosh tissue. Ia comparisoa with these
two tisswes che total altrogen of Wigaa gailang callus is
very much lower aad is ocaly about Balf that of these tissmes.
But it is markedly higher than the total aliregea coatent of
carrot callus which is caly 0,09 mg per gram fresh weight.
Sisllarly the total phosphorus and calcium coatsats of
Loatjang tissue tisswe are vory sach lower than the correspoa~
ding valwes obtalaed with opiuwa oells (Table 19).

The dry weights of L gcatiang tissue and of other
callus culiures salatained ia this Laboratory alse show
sarked differeaces (150 mg, 72 mg aad 57 my per gram fresh
tissuc respeciively for rose bud, oplum aad carret). L gatlang
tissue has a relatively high water coateat.

A comparison of the chemdcal compositioa of parts
of latast plants with thet of the correspoadiag callus tisswe
has boea made for a few plaats aad marked differeaces have
beea observed. Bove gi al in 1957 fouad that tissue cultares
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of citrus costained mereY -snise butyric acid aad prolise thea
did the fatect plast sad that the lovel of potassium i the
culture medign stroagly ianflueaced the amousts of free smise
acids ia the tissue cultures. Similarly Steward aasd Pollard
ia 1953 observed that ia potate, the proteia of cells ia
tissue culture was richer in hydroxyprolise asad basic amine
aclids thaa the proteis of mature potato tuber ocells. Ia the
case of Agaws, Welastela gi al (1959) observed that the
protelia showed a greater smount of hydroxyprolise ia tisswe
culture than the leaf tissue. Free hydroxyprolise was alse
showa to be presest {a the oallus but not in the loaves,
Talecke g al (1992) fowad marked differesces is the asouatls
and kiads of protein amino uclds of the tisswe calture amd
germisated pollea of Glakga hilaha. L cailaag Aypocotyls sad
callus culture have a similar protein amiso asid conteas
thoagh the hypocotyls are richer la aspartic asld, glycise and
histidine whereas the callus tissuwe is richer {a arginise
(Table 21).

The free sniso acids of Loaklaag callus oultures
aad hypocotyls also showed marked differeaces. Serine, aspe-
ragine, threonlae asd tyrosisne were preseat {a the hypecotyls
but mot ia the callus cultures, whereas prolise was detested
in the callus cultures but not ia the hypoceiyls (Toble 20).

Welastedn ai al (19599) reported that tisswe
cultures of Agaxq leaves contained sucrose, glucese and
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fructose the mala sugar belag fructose followed by glucose
asd gucrose. Thoy alse obtalned seme waldeatified spots ia
thelr paper chromatograms oae of which was later ideatifled
as raffisese. Welastela gf al (1962) fousd sucrese to be
the domisaat sugar asd glecose aad fructose to be pregest
ia smaller amouats ia tissue cultares of scarlet rose, The
coateats of sucrose, fructose and glucose were very mugh

lower ia figaa callaag callus caltures thas ia the callus
cultures of Agaun aad scarlet rose (Welastela gi al, 1939,
1962). These three sugars were fousd Lo be preseat ia

soarly oqual amouats ia Plgaa catliasg callus (Teble 22).
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RESP [RATION SPUDISS O LGNS ALIANE CALLUS TISSUSS

The oxidatioa of several differeat sabstrates by
Ugaa cailaag tissee growa L yiirg was stadied. Prelimie
nary experismcats ladicated that the tisswe contalmed coasie
derable ssouats of sugars sad several eandogenous substrates
aad henoe the oxygea wptake was coasiderable evea {a the
abgence of added substrates. The additiea of glecose,
fructose and sucrose for lastance caused very little
{acrease i1 oxyges wptake la the presence of the plant cells
siace the cells comtaloed reserves of carbohydrate which were
readily oxidisable. Starvation of the oells on sugar defi-
cleat media for evea three to four days did sot cause aa
sppreciable reductioa ia the endogescus oxygen wptake,
0200 the studies reported (a this seotion will be restricted
=alaly oaly to those substraies which caused a maried
stimglation of exyjea wpiake and to a few related compounds.
The offect of some Ishibitors 0a axygen wptake was also
tested, The varistien la the rates of axygea wptake with
asotate by ihe plaat cells growa for differeat periods was
also studied since there was a marked differesce ia the
rate of acetate oxidatica by oells ia the earlier and later
stages of growth,
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Ugaa sarlang tissue was growa oa sewi-solid
modin {3 test tubes oa Maite's basal mediem ceatalanlng coceaut
milk, yoast extract, malt extract asd 2, 4-dichlerephescxyasetic
scid., The tisswe was growa for differeat periods and was
carefully removed from the tube so that the adberiag sgar
from the medisn wag separated frem the plaat cells. Aliquets
of 0.5 go fresh tissee were welghed aad traasforred by mesos
of a forceps to the mals compartsest of the Warbury flasks.
The rate of oxygea uptake was determised by coavestioanal
Warburg mesometry at 30°. The substrates tested were ia
the side bulb aad the ceutre well coatalned 0.2 ml of 2
per coat (w/v) potassiue hydrexide sad e strip of filter
papor. The lacubatioa mixture costaimed ia additlon to
0.5 g of fresh oslls, 100 wsoles of phosphate buffer pll &,
substrate aad distilled water to give a fisal volwme of
3 nl, The gas phase was alr. After equilibratica for
10 nia ot 30° che substrates were tipped la frem the side
bulb asd the oxyges wptake was noted every 10 mia for a
period of three to four bours., The rate of oxygen wptake
was lioear during this peried. The average rate of oxygea
wptake was celculated frem the readiags obtalosed during the
first three or four hours. The resulis are axprossed as
sioromoles of oxygea takea wp per hour per ag of tisswe
altrogea at 30°  The altrogea costest of the tissue
was deternised by the micro-Kjeldah] sethod and was found
to be 1.06 mg aitrogea per gn of fresh weight of tissue.
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The blasks were rua ia all cases ia the abseace of ay
added sabstrate. This eadogonous oxygea uptake was sube
tracted froo the axygea wplake ia the preseace of each
substrate aad et oxygea wptake for each particular substrate
was expressed ag Q0 ia terns of micromeles of exygen
consumed per hour per mg tissue aitrogen. The aet oxygea
wptake was expressed as a segative valwe ia accerdance
with the usual coaveation whereas a positive valee obtaised
ia a few cases iadicated oxygea uptake less thaa Lhat of
blank and probably represeats a slight iahibition of the
endogeacus oxygea uptake by a particular substrate,

[a the first set of axperimeats the oxidation of
soveral citric acld ayele (ntormeidates was stadied., The
ratas of oxidatisa of pyruvate, succinate, fumarais, asottate,
citrate, isocitrate, sslate oad a-ketoglutarate are showm ia
Tablos 29 and 34. [a addition the oxygea uwptake with glyoxy-
late and ascerbate was also determined using 13 dey old
tissue, It will be obscrved that compared Lo the endogescus
uptake there was maried oxygea uptake oaly with acetate aod
40 a ssaller exteat with funarste with 16 day old tisswe,
With 13 day old tisswe thore was stimsletioa of oxygea wptake
caly with acetate, a-keteglutarate aad to a lesser exteat
with isecitrate. Glyexylate alse iscreased the rate of
oxygen ceaswsptlion. A very great iscrease ia exygos uptake
was, bowever, observed ocaly with ascorbate. The pi of the
blank aad of the experiseatal was 4.7 with ascorbate owing



g fresh weight
rate ased are

30°, The slgromoles of saubst

Tomparatare

phosphate and ssbstrate ia a fisal velwse of 3.0 al, pH 6.0,

16 doy old tissee was ased for these stwdles. The test system coasisted of 0.5
showa ia parcathesis: Pyrevate (60); Succisate (39); Sostate (20); Fusarate (30).

of tissee, 100 wsoles potassiwm
Gas phase - alr; S0H ia coatre well.

Moroliters of axygon stilized per hour per mg tisswe altreges

+ Ageiate

Pyruvate + Succinate Seccinate
succinate

Endogencus Pyruvate

7

1LY

19
146
146

Mt
18

143

"

Average

Yol bk

106



fisal velume of

these oxporimeats. The test syston coaslisted of 0.5 gm

Hicroliters of oxygea utilized per hour per mg tissee altrogea

@ dto-
Cadogusows Cltrate [socitrate Yalate Acetate ot Ascorbate Glyoxylate

Tine
bours

1%

51

o7



to the lastability of this vitemin st higher phs.

A lack of maried stimalatloa of oxygea wptake with
soveral of tbe citrie acld sycle iatermodiates =ay, however, be
dae to lack of permeabllity of the oells Lo those substrates or
Lo Lhe prosesce of eadogencus reserves. The oxidatioa of

acotate was tested both direotly asd with sucolaate slace a
cltrie aold gyole sesber Is geserally required for sparkiog
the oxidation of acetate or pyruvate. Oat la taege experimeats
a0 additional eahasceswat i3 axygea wplaike was observed whea
both seccinete axd ascotate were used. Asoag other substrates
tosted aloohol was fosad to be oxidised at ea apprecisble rate
(Teble 25) aad the rate of oxidation was mearly the seme at
pit & 0sand pii 8,0,

pLICRA -1
GUMATION 0F STAVWL BY LGM GALAK Tissa

The tost syston was Lhe sow as fa Tyhle 23, exoept that
Lhe pll was adjusted to &9 or 3.0 as showa la the table.
150 nioromoles alcohol was takea. 39 day old tissue was
ssed for this experiseat.
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llmulcn J -: atilized per hour

Tine

o pil 6. 150 :lu aloohel 150 —o{:c alcobel

First ol 1 121

5e00ud 53 97 %

Thind & 120 121

Average 6l o7 13
corrected -4 «33
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Whea the above experiseats wild sescisate aad acotate were
repeated (Table 20) with 22 day old tissue, It was obsorved that
19 coatrast io the experiseats with 16 day old tissse succisate was
oxidised at a ceasarable rete wherees there was a0 stimulatioa ia
0Xygea uptake with scetate. Other experimests with 30 day old

tassien phosphate asd substrate, fa a flsal volume of
5:0-1. pli 6.0, Gas phase - alr; KO0 {a ceatre woll,
Temperatare 30°, The micromoles of substrate used are
showa 1a pareathesis: Acetate (20); Glyexylate (30);
Succiaate (30).
Moreliters of axygon wtilised
Tine per hour per mg tisswe altrogea
hoar
Ladogeaous Acetste Glyoxylate Saccisate
Flest phs ) ue 160 s
Second )T ) 3% 153 199
Thind it 126 142 9
Fourth 164 146 17 159
Average 14 132 155 168
v&m M -9 -22
fof blaak

tisses also showed that the capacity for exidotion of ssetate
was mach less {a the older tisswe whereas 16 or 13 day old tissee
oxidised acotate at a much grester rate. The effect of glyoxylate
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was also tested separately or together with scetate but there

was 20 lacrease 1a oxygea wptake ia the presesce of both the
substrates,

The veristion la the rato of acetate oxidatioa suggosted
that the glyexylate pathway may ocour im this tissue ia the
earlier stages of growth, Attesptls were, therefore, =ade to
test for isocitratase, aa imporisat eazmywe of the glyexylate
pathway, which cleaves igocitrate to sscclisate aad glyexylate.
The resulis were lacosclusive because of the very hlgh bleaks.
It will, shorefore, be nocessary to obtala large quaatities of
tlssee sad carry out a prelimisary purificatioa before a test
for the individeal eagymes of the glyoxylate pathway osa be
waderiama,

The effest of variatios ia pil sasd the additiea of

2, 4=dichlorophesaxyscetic acld, kiootla, coconsut nilk amd the
salts of tho Walte's besal wediwm was thea studied but there
was 20 sigaificaat varfation ia oxygea wplake ia the preseace of
these sepplomeats. I[9ace those results are not reported
separately.

The effect of several fahibitors is reported ia Table 27.
The resalts fa this table are expressed as -loroiizx-n of oxygea
takea wp per hour per my tissee altroges without correstioa for
the oadegenous blaak so as to facilitate a comparisea of the
oadogescus upilake with the exygea wptake with sacclisate asd
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succinate + lahibiter)., eday-old tisswe was used for these
studles fa the pregence of guocinate. It will be seen frem

tie table that maloaate showed very little iahibitiea. Siace
saloaste is aa fahibiter of succlalc delydrogesase, ihe abseance
of inhibitioa suggests that the oells are aot probably permeable
to nalosate. Marked ishibition was obgerved with S-hydrexy-
quisolise aad sodiwm fleoride, sodiem azide and potassiem
cysalde., Oxygen wptake wiih these substretes was also less

thea the esdogonous respiration iasdicating that evea the
eadogunous oxygen wptake is labibised by these cempownds. Sodium
fluoride ishibvits glycelysis at the enolase stage whercas sodiwm
azide aad cysaide are lahibitors of the respiratory enzymes
especially ot the terwinal oytochrome exidage step. It is
however of Lfaterest that ovea ia the presence of O, 000N gyeaide
concentration the oxygoa wptake was not completely iahibited and
more thaa 530 per ooat of the endogeacus wplake is uwsaffected by
thils inhibitor. Since gytochrome oxidase is almost completely
fishibiced at this oysaide comcentration, this experimeat suggests
that the esdogenocus oxygea uptake is partly due to the gytechrome
pathway aad partly due to a cyaaide iaseasitive pathway. ‘
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Tomaoki 4& al (1960, 1961) reperted that mitochondria
from plast tissues growa L4 iixa show a cepecity for oxidation
of oltric agid ayele members and also for oxidative phosphory-
lation. They also reported a high rate of ascorbic acld exidation
compared o the oxidation of reduced diphosphopyridiae nucleotide,
e tissee availeble was lasufficleat for the iselation of
witochondria from (igaa sallang, though this would have been of
value ia elimisatiag the Righ substrate blaaks. However, the
results reported ia this section show thet the figaa catlaag oells
have the capacity to oxidise acetate, succlanate, femaraie,
@-kotoglatarate, glyexylats, alcokol and ascorbate. The stimu-
lation of exygea wptake by a-ketoglutarate asd the lower activisy
with isecitrace and the absence of pyruvate oxideation indicate
that these differeaces are probably dus to Jdiffereices ia pere
seability. The high rate of ascordic ecld oxidatioa is ia
agrecteat with that reported by Tasaocki ai al (1960) for
miioohondria obtalsed from plaat tissues growa fa witre. The
variotioa ia the acetate oxidation was particularly of laterest
aad suggests that there is variatioa ia the ability to oxidise
this substrate as the age of the tisswe varies. Thege axgperi-
seats, however, require to be oxteaded further aad preferably ly
trager stedles, siace the results caa also be dee to changes ia
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permeablilicy. The experimeats with the iahibicers iadicate
that the respiration is sensitive to fluoride, azide, oyaaide
asd G-hydraxyquisolise but not to malosate. The effect of
S-hydroxyquisclise is probably dee to the requireseat of a
trace amowa: of metal, but further studies will be required
Lo deter=iae which setal or metals are beiag chelated by this
compound. Complete suppression of ihe lacrease of oxygea
wptake dee to succlaate aad the loweriag of the wptake evea
below the eadogenocds valee la the presesce of azide and
cysajde iadicaies that swcolnate Is oxidized by the aytochrome
Toute sioce Lhese wwo lahibitors act oa cytochrose oxidase,
Part of tae eadegeaous respiratioa is also seasitive to these
iahibitors, but part of the endogencus respiratica is probably
due Lo a son-oylochrome pathway which is lageasitive to
cyanide,






Tisswe culture techuiques have wide applicatiea ia
sovoral flelds of experimeatal blelogy, perticularly in the
understasding of cell physiology asd patholegy, in the come
perative study of sormal and twser colls ead of viruses.
Extensive studies have, therefore, beea carried out ia receat
years 1o establish cultures of a wide raage of saimal aod
plant tissues aad to stedy their mwtritiosal requireseats
anl moLabolisa,

The preseat stuady deals with the fsolstion for the
first tise of callus cultures from hyposotyls of igan seslang
seodlings, the sutritional requiresests of the callus cultares
oa solid media, the utilisetioa of astrieats ia the wediem by
cultures growa la shake flasks, chemical asalysis of the
tissue aad the respiration of the callus tisswe,

For the laictlation of callus formatioa from the
seedling hyposotyls, Wite's basal modium suppleseatud with
coconut milk, yeast extract and malt extract was found te
give good results. The presence of sa suxia is sot requived
possibly due to sdequate smouats of suxin carried over {a the
explaats themselves.

However, oa subsulture growth osourred caly whea
aa auxia, swch as saphthalene seetic scid eor 2, 4-dichlore-
phenoxyacetic acid and a kinin seck as cocoaut =ilk or kisetin,

115
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are added to White's wediwm, Ia the abseace of either suxia
or kiala the tissue fails to survive, The addition of beth
yeast exiract aad malt extraot sarvedly stimulated growtd,
especially ia the presescs of cocoasut =ilk.

Of the soveral differeat basal media tested Sadid's
asd White's miseral salt media were found u?oqorlor to
othor . media. Stadies oa the effect of a awsber of differeat
orgasiec asd {aorganic aitrogen sources oa growth iadicated that
yoast extract, caseln Nydrolysate or cocosut milk as the sele
altrogen source give excelleat growth of the tisswe., MNitrates
are superior Lo ammoxium cospousds as sources of aiirogea.

Studlies of the effvet of differeat carbelydrate
S0Urces oa coll growih showed that sucrose was the bost cagbo-
Rydrate source followsd by lastese, glucose 20d =altose. The
optimen coaceatratioa of sucrose ia a fully supplemented wedium
contalalag yeast extract, malt extract, 2, idichlerophescxyascetic
aclid and kisetia was 4 o O per ceai, wherveas ia 2 similar
medium goatalalag cocosut milk iastead of kinetia, the cptimum
SUGrose coaceatration was 2 per oeat. Glycerel also sastained
appreciable growth as the sole carbehydrate source whereas
sorbitel aad ethasel were fousd to be leeffective, Several
loag chala fatty acids asd a nesber of plast extracts such as
lemon jules, iigaa qanlaag extract, rice washiag eto. weve
tested for kinla astiviy aad for growth stimulation ia the
presence of coconut milk, but acse of Lhose supplements showed
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kiain astivity or sctimalation of growth.

The offuct of a awaber of different suxians oa the
growth of Lgua sarlaag was tested. 2, 4, S-Trishloropheay-
propioals acld, methylisdele-3-ascetic acid or 2,4, S-tri-
chloropbesaxyacetic acld, B-aaphihoxyacetic acid, iadole-
proploale acld, 2, é=dichloropheasxyacetic acld axd
saphthalese sovtic acld were fouad to be active ia malatala-
iag tisswe growih whereas lndole acetic acid, 2-beazothiozelyl-
oxyacutic acid were lasstive.

Yoo sailasg callus showed o broad pl eptimes
betweea 5.0 asd 7.0. [acrease ia the partial pressure of
oxygoa or carboa dloxide was fousd Lo bave a0 effect compared
Lo the growth of the tisswe in alr oa agar mediwm whoreas
grosth oa liquid sedien was eshasced by passage of axygea
flastend of air.

Growth curve studies with Uigaa sailasg tissee
iadicate aa fajtial log period of about 10 days, rapid
growth till about the end of the fourih week follewed by
a cossation of growth. Wen Uigaa satlang callus cissues
are growa ia liquid sedia oa a rosary shaiker, the laitial
growth rate is slow uill the 14th day asd rapld from the
14th to the Prd day.

Studies oa Lhe utilizatioa of some of the mutricats
by the tisswe la shake flasks revesl repid sad alsest cesplete
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utilizatioa of the orgsalc nitregea, phosphorus asd possibly
irea 1a the medium whea growth of the tissue stops. (ihen

the Lissue was grows ia & modified White's medius wader
submerged conditloas a 200 per oeat lacrease ia the fisal
dry welght of the tisswe over the coatrols was obtalned by
woekly swppleneatation with yeast extrast, malt extraoct
asd sucrose.

{igaa gatjaag callus coatalas 94 per ceat moistare,
The anltrogen, phosphores sad caleles coateats per gram of
fresh tissae were fousd Lo be 1,06, O 17 asd 0,26 oy rospece
tively.

The chief differeaces between the free amino acids
of Ugaa saailaag callus tissue aad hyposotyl tissee of
L-aatlagg were the preseace of prolise ia the former and of
serisze, asparagise, tirecaine aad tyrosise ian the latter,
whoreas e other anino scids were the same la beth., The
proteln anlao acids of the callus asd hypocotyls differ ealy
ia the higher arglaise asd lower aspartic acid sad glycise
of the callus tigswe ia comparisea with the hypocotyls.

The maln carbolydrates of the callus tissuo were
sucroge, fructoss aad glucese which were in searly equal
anounts.

gaa saklagg callus was fousd to axidize acotate,
ssccinate, glyoxylate, alcohol, e-kstoglutarate sed ascorbate.
Stadles oo the effect of fahibiters indicate that the respire-
tioa Is seasitive to flueride, azide, cyanide and S-hydroxy-
quinolise but ot to maloaate,
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