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GENERAL INTRODUCTION

Though viable plant tissue cultuvres of carrot and tobacco were
established by Gauthezet (1939), Nobecourty (1939) and White (1939) more
than thirty years ago, very few woody trees have been grown in vitro
as cultures which ave viable on prolonged subwculture. White (1931)
outlined the use of plant tissue cultures for studying fundamental
problems in plant cytology and physiology. This technique has been
successfully used for the propagation of forest trees, to study
blogenesis of secondary products, for evaluation of plant growth
regulators and for the study/éf their genetics (Staba 1963). The
objective of the work reported in this thesls was {o establish tissue
cultures of & feow forest trees and to study the formation angd
bﬁoazpthesis of phenolics by these cultures. The work consists
of the followings (1) establishment of continuous tissue cultures
of forest trees and study of their nutritional requirements; (2)
igolation and idengification of vhenolics occurring in the callus

cultures and (3) study of the ﬁaaayathesis of tho phenoclice,

History
Haberlandt (1902) was the first to suggest the use of $issue

culture as a possible 00l +o study the lnterrelatlions and reciprecal
influences to which cells are subjected in a milticellular organisn.
His attempt to cultivate plant cells in vitro was a fallure due to

2 lack of knowledge of plant netrients and the use of highly
differentiated cells. Though Kotte (1922a, 1922b) and Robbins(1922a,

1922b) independently were successful in growlng for a short period



roots of certain specles of grass on media containing glucose and
inorganic salts, the cultures falled to survive on subiculture.
White (1934) was the first tc establish a continuous culture of root
tips of tomato on medis consisting of inorganle salts, yeast extract
and sucrose. This was an organ eulture having normal morphology and
anatomy. Tissue cultures of undifferentiajed callus capable of
grovwing indefinitely in vitro were established by Gautheret (1939),
White (1939) and Nobscourt (1939) using carrot and tomato. After
these ploneering studies, this technique has advenced rapldly and
many viable callus cultures have been established, which have been
uged for the study of a wide range of problems related to plant
blochenistry, physiology and agriculture,



SECTION 1

Cultivation of callus $issue of trees in vitwo

Callus cultures have bheeh a major type of 4issue culture
used fbr,many basic s4udies. Tissues have been 1sclated and
ostablished from many species and parts of plants, The undifferen=
tiated cell masses have been esjablished from embryos (Carew and
Schwarting (1959), excised roois (Torrey and Skigemura, 1957),
conifercus seedlings (Loewenberg and Skoog, 1952), redwood burls
(Ball 1955), crown gall tumcrs (Hildebrandt and Riker, 1949, 1959),
virus induced and insect indueed tumors (Pelet, Hidebrandt and
Riker and Skoog, 1960), fleshy iégés like potato (Steward and Caplin, .
1951) or carrot (Black, 1958) (lobecourt, 1939) and stem tissue(White.1939),.

Anglogspern tree specles were enmployed even during the early
development of the technique of plant tissue enlture, and tissues of
a few hardwocd tree specles have sinee been maintsined in culture.

In his book Gautheret (1959) lists 20 anglosperm and 12 gymnosperm
tree specles cultured in vitro, of which only i&}angicspersa tree |
specles were viable on prolonged subrrulture vwhereas the rest were
short term cultures.

The modification in the composition of =salt solutions and
isolation and identification of various plant growth‘fegulators hag
made 1t possible to establish continuous culture ogigié%erenﬁftree
specles. On the fellowing pages a brief review of the trees cultlivated

in vitro is given (Table 1) .
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Table

-1

Irees eultivated in vitro

e

Anglospoxm
Ho. Specles Rature of Hedia Remavks Refarenco
) tissue
1 2 3 [ 5 6
1 Asimino triloba N Hineral salte + - Gautheret (1959)
leaf extract
2 Acer pennsylvanicum N  High salt media + + Yathes (1967)
NAA + Q1 259
3 A. pseudoplatanus N  Heller's mineral + + Henshaw et al.(19%66)
thiamine + pantothe~
nate, 2,40 + 10% CM
4 A, saccharum ¥ High salt med.+NAA + + Mathes (1957)
Ck 25%
%  Betula wverrucosa N Mineral salts + vit. <+ Jacquiot (1965)
6 Qastiaea vesca Ry " - Jacquiot (1950)
7 Chiplesis lineris T “ + Gautheret (1959)
8 OCitrus limonum ¢ Mineral salte + HNaa,
Mgrel's vit.+15% CH - "
9 G, limonum ¥  iineral soln. + NAA, + Gautheret (1959)
Vit, Bg
1¢ €. aurantium Fruit ) Murashige & Shkoog's " Brunet & Itrahim
peel ) supplements, vitamins (1973)
) at higher conc. + +
i1 C. medica * ) CH+ CH 20% u
12 Cratéégus N ¥ineral ealts, HNAA + o+ Gautheret (1959)
nONOZYRa - florel's vitamin
13 Fraxinus excelslor N Mineral solution - Jacquiot (1964)
14 ¥, pennsylvanicum N Modified EHeinert & )
White, 2,4D, myo- - Hotert and
inositol,pyridoxine} Skoog (1965)
kinetin
15 Hevea btrasiliensis X Mineral salts + auxins -+ Chau (1569)

+ vit + amino aclds



Table 1 contd.

1 2 3 I 5 4
16 Mangifera indica leaf VWhites minerals + + Jain & Arys (1964)
T 3 g./1CH
17 Persea anmericend, Coty- MNineral soln. + 2,4D +
ledon 6-10-7 + 18% Ci «  Gautheret (1959)
18 " H “ 42,40 10~7 + 158 oM - "
19 Populus deltoides N Mineral salis + NaA +
2,4D + Vit.By + panto- ~ "
thenate + glycine +
15% CN
20 P, tremuls N . + Jacquiot (1964)
21 P, tremuloides (Triploidd} Mineral salts + 10% C¥ + Hathes (1964)
22 Prunus ariom N " + Jacquiot (1954)
23 Pyrus communis N " NAA + Gautherst(1959)
24 Quercus alba H Mineral salte + NAA ~  Gautheret (1959)
+ 2,4D4Vit By+pantothenate
28 Suxmatusirix ® glycine + CM 15%
25 Q. palustris ¥ Reinert & Whites + Vit. + Wolter (1964)
. + auxing + kinetins
-
25 Rabinia pseudac~ N Mineral salts ~ IAA + - Gautheret (1959)
acla Jacquiot's Vitamins+CM
27 Rosa wichurajana N Mineral salte + thiamine = h
28 diavg Yabylodtea T " 4+ NAA % thiamine + - "
low-en S = bioctin + pantothenic acld
+ 15% Qi
29 Salix caprea N ” + NAA ¥ thiamine +' =~ "
biotin + pantothenic acld
30 5. nigra N " + NAA + Pantothenate =~ "
+ thiamine + glycine+15% CM
31 Santalum album i} * 4+ 2,4D + kinetin +

25% YE

+

Rao (1955)



Table 1 eontd,

e
1 2 3 L 6
32 Syringa vulgsris N Mineral salis + NAA Gautheret (1959)
3 e * 4 IAA + inositol +
pantothenate "
3%  Theobroma cacao ¥ HMinerel soln. + 7% CM Archibald (195%4)
35 Tilia parvifolis N  Mineral soln. + auxin + Jacquioct (2964)
vitamine + amino acid
3% Ulmus americana N&T Mineral soln. + Naa +
thissine + pentothenate + Gautheret (1959)
glycine + CH 15%
37 U. canmpestris i1 Mineral solution + NAA
+ vitamin solution of Gautheret (1959)
Jacquiot
Gymnospern
1 Cupressus funebris N Mineral salts & 20% C¥ Gautheret (1959)
2 ¢, lusitanica N High salt nediumy 2,4D; Borchert (1$67)
25% CH
3  Ginkso bileha Follen Hodified Whites Mineral Tulecke (1953)
+ 20% CF + 25% I8
L " " Whites mineral + arginine Tulecke (1953)
5 " Enbryo ¥insvel salts + 400 PFM CH Wang & L1 (1966)
6 Juniperus communis N Y+ NAA 4+ 159 CK Gautherst {1959)
7 " N " 4 2,4D + Gonstabel's "
vitanin soln. + 10% C¥
8 J. virginia T Mineral solution + HAA +
2,4D + Vit, Bq + panto- "
thenate + 15% CM
9 Iibocedrus decurrens N Mineral solution + 2,4D "
+ 20% O
10 Picez ables N Mineral solutlon, NAA + Vit.+ "

By, chpline + 10% ME

1]
J ]



1 2 3 G 5 8
11 P, glauca N  ¥hite's mineral + IAA 1078
g/ml, Vit.C 10-5 g/mi +  Gautheret (1939)
12 " T & TAA 1075 g/1 + Vit.C
10-7 g/ml + "
13 Pinus tanksina N Hineral soln. + HAA + Vit, = lowenberg &
By + choline + hypoxarthine Skoog (1952)
14 P, clausa root " Barnes Fh.D.
dissertation
15 P, monticola N “ Harvey (1967)
16 P. nigra N Mineral salts + 2,4D + HAA Bodgavonlic
1568b)
17 PF. pinaster R Murashige & Skoog's mineral Alain (2973)
+ 2,4D, vitanins, kinetin
asparagine
18 ¥, rigida root Mineral salts + 2,4D -+ NAA Barnes &
Naylor(1959)
19 P. serotina ! v " (1958)
20 P, strobus N Mineral salts + HNAA + Iosenberg &
Vit. By + choline+hypoxanthine Skoog (1552)
21 P. sylvestris N Mineral salts + IAA Bodgavonic(1558a)
22 Sequola sempervirens N Mineral goln. + IAA +  Ball {1950)
23 " nex » - Gautheret (1959)
24 Thuja orientalis  Pollen Whites' mineral + 10% G +  Rao & Mehta(1569)

+ 300 pom.

) RS RTEINY (A RTAL N
N =« Normal tissue

.-
P paiat

- ¢ A ‘- et p
T = Tumour tiszzue.
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ANGIOSPERYS

1. Annonaceae
Lanpton in 1953 cultivated Asimine triloba on & medium
containing mineral salis and leaf exiract., The ecallus did not

survive on prolonged subreulture.

2. Acexraceae

Cambial tissue of Acer pseudoplstanus was grown (Henshaw,

Jha, Kehta, Shakeshaft and Street, 1966) on & medium containing
Heller'*s inorganic ealt solution, 2% suercse, 1 ppm thiamine,
1 ppm calcium, pantcthenate, 5§ ppm 2,4D and 10% cocomut milk. 2,4~ D

During the period of high cell division rate the mean cell size of

. A. pseudoplatanus cell suspension culture reached 1ts minlmum and

the average number of cells per c¢ell ageregate 1ts maximum value,
Cell separation depended on cell expanslon and 1t did not take

place i1l cell division had stopped. Stroet et sl. (1958) have
shown that a high level of kinetin (2.5 ppm) shortened the lag phase
and the phase of rapid cell division. GA3 at an appropriate
concentration prolonged the perlod of rapid cell division and

2,4D was essential for growth but inhibitory for cell expansion

at high cencentration. Given and Collins (1967) suggested that

In cell suspension cultures of maple, the respiration rate is more
closely related to protein content than to change ir cell number,
dry weight or packed cell volume, Simpkins and Street (1970) have
studied the effect of kinetin on carbohydrate and nitrogen metabollem
of this culture. Simpkins, Collin and Street (1970) found that cell



suspension cultures of maple can utlllze glucese, fructose, galactose
or soluble starch. Cell yleld increased with sucrose concentration.
Hitrate was essential for y.owth and urea with nitrate enhanced
growth. Further enhancement was obtained by ithe addition of casein
hydrolysate or & mixture of amino a.c.ids. 2,UD vas essential for
growth in the absence of or a low level (0.25 ppm) of kinetin, IAA
could not replace 2,4D while NAA at 10 ppm permitted a low level of
growth with abnormal ageregation. Kinetin alone at 10 ppm promoted
a high level of growth, but the eultuve became twown and showed
increasing aggregation,

Mathes (1967) isolated callus cultures of A, pennsylvanicum
(moose wood) and A. sacchorum (suger maple) from one year old twigs
or from the primaxy roots of young secdlings on While's major salts,
Hitsch's minor elements, 27 sucrose, 10% coconut milk, 0.5 ppm NAA
and 0.8% agar. For subculture the medium was changed o doubls
strength, White's major and Nitech's ninor salts, 25% coconut milk,
2 ppn NAA, and 2% sucrose and 10 ppm vitamin C, The rcot callus
of sugar mapple (A. saccharum) was friable and light yellow in colour,
while the stem callus was solld and white or brown. The brown
coloration was reduced by the addition of vitamin C and the callus
had the abllity to utilize soluble starch, galactose and cellobiose
as carbon source (Mathes, Morselli and Marvin, 1971). The moose wood
stem callus was light tan in colour and friable., This callus could

utilise sucrose, glucose and raffincse most efficlently and cellobiose,

galactose and maltose to a lesser extent (Mathes 1967).

(

t

)



3. Anscaxdlsceas

Leaf gall tissue of Mangifera indics was cultivated in viltro

by Jain and Avya (1966), They found that White's basal mineral salts
agar medium when supplemented with caseln hydrolysate gave the best
growth. Pancreatic digest of caseln at %g/l gave highest yleld of
ticsue. At pH § the tissue grew well without brown pigmentation.
Maltose and sucrose at 2,5% gave maximum growth. The tlssue showed
signe of dryness and excessive friablillity after two woeks of growth

at a concentration below 1.5% of carbohydrate.

L, Bisnoniacese
Turmor ‘tissue of Chilopsis linearis was cultivated by

Morel (Cautherst 1959) on %1111@1:3,1 selt medium withouy any growth

promoting substances., The callus was viable on subsculture,

5. Euvhorblaceae

Chau (1966) cultured Hevea brasilliensis in a medium

containing diverse minerals, amine aclds, vitanins and growth
fegulators. It was observed that sucrose was the best source of
carbon and & pH below 6 was essential, The callus tissue produced
roots '.?:f incubated for a long perioed.
6. Fagaceze

Castanes vesca stem callus was isolated by Jacquict (1959)

on Knop's half strength salt solution with various vitamins, amino
aclds and otheyr growth facters. The survival on subroulture was net

raported.
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Quercus palustris (pin oak) trunk callus culture was
established by Wolter (196%4) on Heinert and White's medium. The
detalls regarding its nutritional reguirements have not been reported.

Quercus alba callus tissue was cultured by Hilderbrandt and
Riker fgﬂautherat. 1959) on a nedium containing salts, NAA (10~7H),
2,4p (10"%). Vit B, (10~%1), pantothenate (3::10’%) glycine (2,5%10~71)
and 15% coconut milk. ‘The callus dled after a few sub/cultures.

7. Lauraceae

Nickell and Horel (Cautherst 1959) tried to establish callus
cultures from Persea americana., Nickell's medium contained higher
concentration of 2,4D (610~ 7M) and CM (18%) than Morel's medium which
contained 2,40 (10~%M) and ¢4 (15%). Nelther of the callus cultures
survived on prolonged subgculfure.

8. Leguminosae
Robina pseudocaria was cultured by Jacquiot (Gautheret 1959)

on 2 mineral salt medium supplemented with IAA (10'6M) and vitamins
sclution. It was observed that callus grew very well when s{zppliea
with coconut milk. Its survival on subreuliure is not reported.
9, Oleacese

Hildetrandt and Riker (Gautheret 1959) first tried to
establish continuous cultures of Fraxinus pennsylvanlca on & medium
containing wineral salts,{-NAA (1077), 2,4D (6x107%4), thianine
(10"7 M), pantothenate (2.5 x 10'6M). glycine (3x10"6m) and 15%
coconud milk., The callt;s obtained could nc%)e subreuliured.
Wolter and Skoog (1966) established a viablg callus culture of
E. pennsylvanica on modified Reinert and White's medium supplementd



with myo-inositol (10 ppm), pyridoxine (0.1 prm), 2,4D (0.04 pmm),
kinetin (1 ppm) and sucrose 2%. The callus had absolute requirvements for
myo~inositol, pyridoxine and an auxin. The callus could use vy instead
of 2,D. Kinetin and gibberellin improved the yield while thiamine had
no effect,

Jacquiot (1959) cultivated cambial tissue of F. excelsior on

Enop®s half sirength solution, vitamins and growth factors. This
callus culture grew at decreasing rates through nine transfers and
ultimately diled.

0live callus culture was obtained from young seedlings by
Lavee and Messer (1569) on & double strength inorzanic modified White's
redium. For the early development of callus auxin was not obligatory
but after a number of sub-cultures auxin and cytokinin were needed for
growth., IAA and 2,4D vere most effective for growthe. Vexry short
periods of red 1light Allumination were sufficient to effect greening
of the tissue. A particularly high rati8é of chlorophyll b/a. was found
under all light conditlons and growth was reduced after four sub-culturss
in light.

Morel if1948)) and Barnoud }@1’955)) separately cultivated tissue
of Syringa vulearis. Morel's callus was obtained on a salits medium
with NAA and could grow indefinitely. Barnoud's callus culture was
grown on a minersl salts medium having IAA, inositol and pantothenate.
The +issue grew in two layers of which one would grow without stimulatory
substances { (cadthered (454)
10, Rutacese

4 short term callus culture of Citrus limonium hypocotyl

was obtained by Bove and Morel (1957) on a medium containing a mineral



solution with NAA (5x10"7M) vitamins and coconut milk. Denetriades
: 141958) established a continuous culture of C. limonium on a medium
containing salts, NAA (1077H) and thiamine (1076u),(GaxHieser 195).

Gitrus medica (Schroeder and Spector 1957) fruit tissues
were cultured on modified Nitsch's medium in which yeast extract was
replaced by thiamine, pyridoxine, nlcotinic acid and glycine.
Schroeder and Spector (1957) observed that GA, and IAA stimulated
callus formation in exclsed citron tissue and that the tissue
responded to a wider concontration range of GA3 when grown in the
pvresence of I&A,

Brunet and Itrahin (1973) recently reported tissue culture

of Citrus aurantium (fresh ovange) and C. medieca var linonium (lemon)

peel, The callus originated from the ﬂ?éedo side of the explant on
Hurashige and Skoog's medium containing a high level of sucrose,
Bevitaming, IAA and kinetin. Coconut water was required for the
initiation of callus tissue and its continued growth. Orange Juics
supplied at 10% concentration did not enhance the growth of either
lemon o orange callus, which iz in contrast toiprevious report of
Murashige and Tucker (1569).
11. Rosacese

Crateasus monogyna callus culture was esteblished by
Morel (191%8) on mineral salis medium having o( ~-NAA and vitamins. It
was not certaln whether the callus required pantothenate. The callus died
after a few subcultures, A viable eallus culture of Pyrus communis

was established by Horel (4%) on 2 medium contalning mineral salts



and NAA., Rosa wichuralana was cultlvated in vitwo by Nobecourt and

Kofexr k(ﬂl%ﬁ)' on iznop's diluted solutien, 2% glucose and IAA (10""‘S to
+110"™1), Thiamine gave the best growth of eallus ab 2 x 10"5‘&2.\ Jacquiot
(1959) obtained viable cambial callus of Prumus avieun on Knop's half

strength nedium with suger, vitamine and other growth factors.

12, Sallelae

CHse) -
Gautheret, in 1948 sstzblished 2 short term cudture of Salix

caprez. The medium for callus growth contained in addlition to mineral
salta, NAA, thiamine, p;mtothenic acid, blotin arnd coconut milk.
The callus died after prolonged sub-culture. S. babylonica (Gautheret
1959) crown gall tumor culture established by Bitancourt on mineral
salts and 15% coconut milk and S. nigra (Gautheret 1959) culturss on
mineral salts together with NAA, thiamine, pantothemate, glyecine and
15% coconut milk died after a few sub-cultures,

Poonlus deltoides callus culture established by Hildebrandt

and Riker (Gautheret 1959) on a mineral salt medium supplemented with
o =NAA, 2,5D thiamine, pantothenate, glycine and 15% coconut nilk was
a short term culture, Jacguiot (1959) established callus culture of
P tremula on a half atrenét.h Knop's solution with various vitamins
and growih factors. On modifiled Reinert and White's medium, Wolter
got viable callus of P. tremuloides (1964). Wolter (1968) found

that 2,4D at all concentrations inhibited root formation in

P. tremuloldes while benzylamincpurine in the ahsence of auxin
Inktiakdd Initiated shoot formatlon at certaln optimun concentrations,
beyond which i{ was inhibitery. NAA in the absence of cyiokinin

favoured root formation.



Mathes (1964a) devised a satisfactory medium containing major
and trace olements, glycine, thiamine, NAA, sucrose, coconut milk, ferric
citrate and agar for calius tlssue from triploid P. iremuloides. He
observed that 0,05% citrate initiated rcot formatlon and 1 ppm IAA
together with 0.8 ppm kinetin produced occasional leafy shoots which
faile;to elongate (1964b). Winten (2968) grew suspension cultures
o;’:‘ triplold aspen and observed two kinds of growth, tan e@@c&ea smooth
and firn spheres, The former grew mpidly{,at a high concentration of
2,uD (0.5 pem) the latter grew weme-slowly at a low level of 2,4D
(0.0% prm) andfkinetin., With low lovel of 2,4D alone rooting increased
with the age of the source of tissue rather than initiidl explsnt size,
Winton (1970) has also reported shoot and tree development from callus
tissue of triploid aspen in the presence of BAP (0.15 prm).

13. BSte¥culiaceas

Archibtald (195%) cultivated isolates of bark of Theokroma
cacao in a simple Gautheret®’s medium and ovserved the formation of
camblal itissue in 2«3 months. Gautheret's medium was found to be
better than White's medium. For proliferation of callus, White's
medium supplemented t{ith pantothenate and biotin was not as good as
pure cocomit milk medium. The morphology of callus changed with the
medium, With White's medium containing pantothenate and blotin 1t was
compact white and granuidar but it changed when subecultured on a
eoconut milk medium. It also showed a dlfference when grown on agar
slopes and 1liquid coconut milk medium. On the former it was
disorganised, loosely granulzg pale broun in colouwxr and transliucent,

while on the latter 1t wasz raised from the surface of the fllter paper



by one or two masses of newly formed iissue which was pale trown,
translucent, compacht but extremely soft and 'mushy'. 4 smear of
the soft tissue across the filter papsr support gave rise to masses
of the tissue within a month showing i¢hat all the cells of the soft
tissus avre capable of division. Prolonged subeculture on CH gave
rise to colourless tissue having a granular, solid nature;
14, Santalaceas

Candsz - voud-

Rao (1965) cultivated Santalum a2lbum seeds on a basal medium
supplemented with 400 ppm casein hydrolysate and 20% CM. The seeds
germinated and produced normal seedlings. Seeds when cultlvated
on a{basal medium containing 0.25% yeast exiract, 5 ppm kinetin and
2 ppm 2,40 proliferated into callus tissue capable of unlimited growth
and the development of embryos was inhlbited.

15. Iilliaceae | ¢

Tilie parvifolla camblal tissues were cultivaied by
Jacqulot (1959) on 2 medium containing half strength Knop's solution
with vitamins and growth factors. Iis survival on sub-culture was
not reported.

16,  Ulmacese

Hormal and tumor tissues of Udnus americana were cultivated
by Hildebrandt and Riker (Cautheret 1959) on a salts medium supple-
monted witho(~NAA, vitamin By, pantothenate, glyeine and coconut milk.
In both the cases of normal and tumor tlssues, the concentration of
added growih factors was the same except that of coconut milk. Both the
callus cultures falldd to survive on prolonged sub-culiure. Shori term

callus cultures of U. campestris (Cautheret 1959) were established by
Jacgqulot on a medium contalning sz2its, NAA, CM and vitamins,
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Gymnospern

There are four gymnosperm families from ﬁhich 21 daifferent
specles have been cultured in vitrc. Only seves of these were long
term cultures while the others were short term cultures.

1. Cuprescaceae

Two species of the genera Cupressus have been established

in vitro (1) C. funebris and (2) €. lusitanica.

A tissue culture of €. funebris staminate cone was fivst
derived by lLa-Rue (Gautheret 1959). The ¢issue had an essential
requirement for coconut milk which was replaced by gibberellin (1 ppx)
and casein hydrolysate (2 ppm) im 1960 by Straus and Epp. This is one
of the few cultures which ryequires gibberellin to attaln maximum growth.
C. lusitanica cultures were isolated by Borchert (1967) from the stem
of the tres, The explants grew more vigorously on a high salis mediunm
than on Heller*s medium and the growth hablt changed from compact to
friable. Callus could be transplanted to, end maintained on a high
salts nédium enriched by vitamins but could not survive on Heller's
basal nedium with or without growth factors. In a high s2lts medium
the addition of 2,4D stimulated proliferation of initial explants and
transplanted callus only slightly, while added coconut water was
nore effective than on the basal medium,

Short term cultures of two Juniperus speecles were reporied.
J. communis was cultivated by Morel and alsc by Constabel (Gauthoret,
1959). Morel used NaA (1070) and OM (20%) with eslte while Constabel
used 2,40 (10™°M), a vitamin solution and 10% GM. Gall tissue of
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J. virginiana wos cultivated by Hildelwandt and Riker (Gautheret 1959).
The medium was supplemented with NAA (1077M), 2,4D (6x107Ck), thiamine
(10'7) end pantothenate (2. 5x10‘_"6), glycine (3x10-%K) and & 15%.

Straus (Gautheret 1959) established a callus culiure f‘rom
the male cone of Libocedrus decurrens on salt solution supplembnéed
with 2,4D and 20% coconut milk. The culture failed to survive after
a few suboultures,

A viable callus culture of pollen of Thujs orlentalis
(Rzo and Mehta 1959) was obtained on, Heller's medium with White's
micro~glements., The callus was maintained on ¥hite's redium supple-
mented with casein hydrolysate, coconut milk and 2,4D. The cells were
uninucleate and filled with starch grains.
2, Ginkgoaceae

Tulecke (1953) was the first to cultivate Ginkgzo pollen on
White's modified medium contalning coconut milk and ya#at axtract,
Coconut milk or agueous extract of the pellen Induced tissue formatlion.
The tlssue grew as a mass of undifferentiated celle having 2 haploid
chromosome complement. .Morel (Gautheret 1959) established a short
term culture of G. blloba on a salis medium supplemented with NAA
(5x10‘7t4) and casein hydrolysate. An arglnine requiring strain of
callus from the pollen was obtained and grown on 2 medium containing
arginine (Tulecke 1960). Yih, Hille and Clark (1566) found that
boyon deficiency in the medium led to reductien or cessation of
growth, Wang and Li (1956) observed that a high (400 ppm or more)
concentration of casein hydrolysate indueed callus formation in
exclsed Ginkgo embryos.
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Pae

3. Pinzceas

Two genera have been cultivated im vitro, Picea and Pinus,

Plicea abieg was firast cultivated by Loewenberg and Skoog
(Gautheret 1959). The callus has an absolute requirement for malt
extract which could bs replaced by caseln hydrolysate. Arginine,
glutamine and urea alsoc supported continuous growth (Steinhert, Skoog
end Standifer (1961). Steinhart et al. (1961) have developed a
synthetic medium contalning inorgenic nuirients, NAA, kinetin,
arginine or urea, thiamine, choline, c¢ystelne and myc-inositol.
They have shown that myo-inositol 1s an absolute reguiremont for the growth
zxaklt of the eallus,

Pieea glauca callus culture was obtalned by Relnert and
White (1956) on a White's basal medlum supplemented with 2,4D,
18 amino acids and 10 vitamins. Tumor tissue of P. glauca had a
requirement for IAA (103 g/ml), vit By and vit C (1077 g/wl).
The requirement for IAA was unusual, as most of the genetlic and
croun gall tumors do not require it. HMureover, reguirvement for vitamin
C was also higher than for the normal tissue '(10“7 gfnl) (Reinert and
Schraudolf 1959), Risser and White (2964) have studied organie growth
factor requirements for a strain of cells derived from a tumor of
P. glauca. This has resulted in a simpler medlum contalning White's
nutrienis, 5% sucrose, 0.25% glutamine, 0.1% inositol and trace
amocunts of thiamine, niacine.,ascorbic acid and 2,45, Five fold
increase in welght was observed in two weeks, White and Gilbey (2966)

found that glutamine was essential for P. glauea tiesue and any organic



substance or group of substances could not fully replacs it. Although
anronium ion was effectively utilized by spruce culture it promoted earlier
ditfevrentiation in the form of eie;)osition of starch, lignins, tannins,

waxy substances and resins, and in one case of roticulated wall thlckening.
These are all processes characteristic of ageing which ave found in
raturing veglons. While growth with glutamine resembliess that of the
growing veglon, White and Gilbey (1966) suggested that glutamine might

be an important faector in plant morphogenesis.

Plnus banks%[n_aa/ end P._strotms short term callus cultures
were established by Doewenberg and Skoog (1952) on a medium containing
malt extract or pine seed extract. The other growth factors were ~HNAA
( 10~6 ana 107), vit By (2x10~7), choline (5x1077) and hypoxanthine
(2.5 x 10~7). Bame‘s cultivated ecallus from isolated roots of
P. rigida and P. clanea (Barnes and Naylor 1958) and used it for
preliminary metabolic studles. P. serotina (Barnes and Naylor 1959)
root callus wes used to study the ornithine cycle in comparison with
excised roots, Bedgavonic (19682, 1968b) established stem callus
cultures of P. gylvestris and P. nlgra. E., sylvesiris formed callus
when aplcal ends of segments were placed touching the nedium which
contained no auxin (Bodgavonic, 19%8a)., On é medium with JAA the rate
of eallus formation was slowed down when aplical ends were placed
away from the medium. Also callus fermatlion wae mors in summor
than in winter, and the rate of callus formpation was proportionate
to TAA conesniration. 2,40 (10”7H) favoured callus formation in
E. nlgra and NAA was found to be useful for obtalning a contlinuous
culture (Bodgavonic , £968b). lavaud (1970) obeerved that on explants



* of P. pinasier consisting of pthloem-canbiume-xylem or phloem-cambium,
callus formation wes stimulated by TAA, NAA or mixture of NAA and myo-
inositol. In the case of a phloemkambium explant.a phloem ligneous
generating layer became differentlated between the pre-exlsting rhlcem
and newly formed parenchymatous tissve. On Murashige and Skoog's salt
solution containing 2,4D, kinetin, vitamins and asparagine P. pinaster
(A1ain 1971) trunk callus culture was established,

Axenic cultures of P. monticula for the study of hosi-
parasite relation between white pine and Cronastium ribicola were
established by Harvey (1967). The calluz was maintained on a medium
containing inorgenic salts, NAA, I8A or 2,4D. Anmino aclds, B-group
vitamins and kinetin increased the growih, but were not essentiale.
Cultures with 2,4D did not 1<;se vigor with tine when subcultured every
month for 12 months. On the other hand cultures with NAA and JAA
slowed after 6-12 weeks and could be maintained only for 6 months, The
callus was Tirm but friable and had a well developed chlororhyllous
pignent system. The celis were large with well developed muclei. The
cultured cells dié not grow on White's or Heller's medium,

P. nigra (Thomas 1972) hypocotyl fragments were grown on
Halperin's mineral medium with added sucrose, smino sclds, NAA and
kinetin. The medium had a high s2lt concentration and higher concen~-
trations of kinetin and NAA compared to those usually employed in
anglospern cultures.

4, Taxodiaceae

Sequola sempervirens was successfully cultivated in vitro

" by Ball (1950) in a simple medium containing Knop's solution, IAA



and sucrose, The callus wss able to utillse galactose and mannose

as a carbon source, Normal and tumor tissue of S. gempervirens

were also grown by Morel (Gautheret 1959) on Heller®s medium.

Ball (1955) has shown that S. sempervirens can utilize galactose as

carbon souree.



SECTION 2

The Secondary Plant Produects from Tissue Culture

Nickell (1571) defined secondary plant products as "compounds
not produced by all plants, whose functions are not hknown and which
arve not essential metabolltes, but which generally have considerable
blologleal activity“.

Among the products identified in plant cell cultures are
alkalolds, antibioties, flavanoids, glycosides, organic acids,
thenolies, pigments, saponins, sterolds, tannine and terpencide
(Krikorian and Steward 1969). |

The lsolated preoducts are not always tﬁe same quantitatively
or gualitatively in tissue culture and in the whole plant (Staba 1963;
Krikorisn and Steward 1969). In certain mga‘lt has been observed
that differentiation helps in the production of metabolites (Krikorian
and Steward 1969).

The alkaloids were the earliest secondary plant products
to attract atiention due to their medieinal value, Glycosides,
sterolds, antiblotics, essential oils, and plant pigments were also
isolated and studlied. The plant produets isolated from tissue enltures
and the effect of hormones, euvironmental conditions and precurscors on
thelr formation will be discussed in the Tollowing pages and some
of the date sumarised at the end of the section (Table Z).

Alkaloids
West and Mika (1957) working with Atropa belladona cultures
foumd that only isclated roots and root callus could synthesise

atropine. Siem and leaf callus could not synthesise it unless

23



! T (69%1) suois
Ahwm.s..ﬂm 18 vinang

(2261)*T¥ 33 XoTITY
${0461)o300y3a08 ¥ wINNSH

L]
£
LE]

L1

(6961) rex=) ¥ woSIETIRG

*(2461) Sey pue vuwsly
$(L561) @It @ 199R

pros ojdoag,

bopacu ST YVI

N

asng 2 8T
sSnpTuo 1001 I0 00Y4

TR LUONOIES °0

L]

2IRITOD SATTES P 300X IO
Boeia | » Iow e °N

TOTqOAe Poi5E)
SEIN)TNO SUTTEO BOf

o

(1]

nesod sSNYIUBLEY} AN

SNTTEY TO15E Tadieq pue

TOPELIoq °V JO sulieo
F00L P 00X DSSTORY

sutuwtodoog 11
vpquieny ¥

UTIOOTN 6

SUTOIFE @

(mrouz@n}y
1T 2 11 °I

[+

SUIOUIUCE
putuueliig
BICG T

enzedsoptday

WM N0

PUToTTENElY

surdoziy 1

SATOVRIY
5 4 £ P4 1
S0 LI SnSSy #
wopzonpoad ey aan3Tny WOIT PHYETOST
soueIsIey FupoeilT SI010Rg gponpoxd Axopucceg oM

sanyTno snsor: JusTd woxy peierosy sionpoad juw(d Arepuooces

7~ o145l



“ UTBUICH~ION
4 (2461) L1248 ueydoydixy, STACSLNA Sucossyy a\wweu‘mm gz
HOTIBWIOT J00X OF anp
08T® pue SIOLIQTUYET
y3road fq pejwrnulys _
- (1461) TBTINY 3 uweumsy ST spseyuls oyg undeaE} N SPTIoT®ILY 02
sSTIee _
(g951) uuemmay WexerITP ATUITH ©}BPICO BAESTOEN sproTwily 61
SITATUUT (49'2
(246T)UPTAOSCTTOA ¥ BASRTONIN % SeIETAU[IS VVH~ - TaTugdaes Bl LoBnBH
geanjino uoisusdsns
saogxnoead BEOAIOU TLORADLY
uoydoydLfag~1 B TSOQUALOD BOALY
(691)eaelg ¥ UI838I30q0Q % PIoB OFUOTRASY $BEOTIOTA Bomod L SPIOT®]I® 2T0PUI 81
@oanyIng SNLTEo
(5951) T33syonT Soe SnIueIAis sutyueyls A1
BLLOANEY
(#951)T0ey % =IITH $(G94T) Moxep- T}OTA15000 BITUOISLY surdaessy Of
Josanoead
@I PIoT ojUIoOnNS STun-uoo *°yJ
(4961) Io3TeR ¥ IeBimpey ¥ PyoR OTUTICOTN J00X PBTOXY euTUIIIY 41
S SOINALNO_SRITED
(e8951) *i® 33 paeyuisy Tledavy WNUBRESI sugeIBl  Hi
(1461)*T% 75 =inang EET outswqeny €1
Josmoexd Tnjuoseas *q
(6961) suoss 51 Proe o1doag 7 WOEEY °§ sugwedosody 21
s; g 1 4 T

*pjucy Z °Iqe]



2b

TaopeLied °V

(2451)*1® 75 paetieg TouTue R ‘Teandand *Q SPIOTEILY 6
(2467)°T® 18 wyeqel BIOTITATEA BII04008  SpioT=ie suedox  @f
u o eupIOTIouSey 4E
" » sutgdoydiay o€
.” " supdojozg GE
" . surzeunSueshxg  4€
" “ supreunBuesospAytd €€
” M eulIzuniueg r4S

" N supIeugnBues
-0XPAYPTAUOISOYEY 6
2 (2461)*T% 18 wfnang IS IUU0s doASAEd SUTIBUTNSUBIION o€
(8961} T% 39 Teqe autuos®EIOog 62
(€£461)°T® 55 oBuenog u eutfounboIng gz
" o QUIUTTNYH 42
u u sutuweld1p €HOO-9 92
" - eututZesNiOY 42
(2461)°T% 75 w0938 WSBTT SUoTCeAETd *H SUTUBTUUTIS 42
(2461) xouong 3 HOTPROH 83001 O}BUWOL eujjewol (g

(2461) ¥TYSI ¥ efnang

4 (2461) T2 10 vinamyg Bojuodel STId0) sutIsqIRg 22
5 £ 2 1

——



Awmmﬁw 818 TUSAUSY

(1461)°T% 73 t1eqqed

“®
L

(aLsny S e g

ok—

*T€ 35 evavdeaey.

"

(a ® ©99%61)*T% 5 oisucsusg

Mm&s ‘T8 38
ss%gﬂﬁ&sﬁgam

(0461)°TE 37 wreang

(€61 )napusyong p suUEy)
$(6965T) T% 38 Tney

(0461)°T% 35 weng

(4561)° T2 T5 whnmg

ganjIno snTeD

059790,

B TASTUISAPIUE BUSULIBLON

[

QanIIND SNIIwo S0TH

2oNSETE 000EqOL

TMIdEOOUJUEX WHUELo8

0IoioT °q

OX0H0T °G

OXGHOT '@

BWPTorLoD T
DI0H0T BOaAUOBOLH

0Z0303 Tea00s0(

Tetiussge (hz amiTno onssyy o00eqoL

IOFTCF SN0
TOURTEORBOTOLD

T0Z9%
-SoTOUD QUSTAYISR~2

T0Za9SeElT1s
Toaetsedusy
Toxe3s TAUIeH-Y

103939
TAYgeuTg-, 'y

1019350318~ -

uguegouoy

ajuefoxojo],

ugusual@sopd

10I5383TOUD

sToxa)s03Lyg

€1
4

1T
ot

e

13

FIOUIIS # SAiowE.S

4

1

*PRU0O g 81qel



0.8
foaN |

9o o551)T® T3 sjsusausy

(8961)°T® 3% nostITY

(2461) Preyutey ‘pue

A

qunepxon ¥ Amh,wm.ﬂ 89%1)
*I% 16 pasyuToy

(6951)
studi], @ tesopIey W

[ 1]

(1461) T T8 pueriany
(0467) a1aBTTg

(0461) uT2B1id

£
4]

(1]

s93e3008 Surpuodseszod
oa1? 31 sseuNxep ug
'SsanjIne  peYuutuniily

oameTNo
8IS} 000BYOT

Brenotaed
Studexgoapuy

FUGTOOABIT TNy

TRAT 05 GRApUBLioy

STiAed UNo06edo4y,

Tloo1T Cposay

X0I03 Banyeq
CHEGITO Tuluels0Ldy

¥oiey TEGeq
OFEU38 OuGa3e0Xay

TouelaRoToLD 4

S8U0IOTT
susdzeolinbses asu sexyy £

auojey TAucu TAyIew

suogey Téydey Thyey
§OU039Y

up YOTI ‘TT0 TerIUSsSy 2

otueIey  }

SHANRAAT ¥ §110 F114vI0A

ayepougscanl?
TAYjueuayd~g~Ho-Z ©

sjeroursoont® tiyrousyg-z L
UoTIsy 9

ULOITescsT 6

ugrotodoss yo
apISooLTE unowun

X
8pIsSeIqoleusn= - £
2
1

" UrIIIq ey
(1961) Poosg puv jusdres ooy *N ugpodvog
SHAISOIXTD
5 i £ Z 1

*PIR0D 2 eTquy



29

(0961)°T% 75 =inuSssey

(8661)*T% 35 jexaynmn
(8961)°T% 1o Tezamy
Amwms COTIDAURA

(13

(4951) Excqmen

(€L6T)outtenboep pur upeley

1)

{€L61) o8g pur 2TWOL

e !
(2T i
*I® 39‘edefdae]

(49%61) inmmmwmmaxmqﬂmwz

— T a3sjusausg

st

oy i
- ad,
et B

1

am——

a7 (6951) 1€ 30 eystueAtsqg

WLISITUOD
Jozanoexd
PUTIBITUOY

aceamoaxd sv pIde
OF83FBY F OTUTY

SQOAls Snulg
Snonodeqi] SHUIUTIIoH
BIUEYTT eronbog

s b O O

BIITUTA STITA
THAIOUCH SNnoTy Ba)

BOTHEASTY PasUoZicos

faeq sonadg
youeay BINTE d

aanyIne
ucisuedsns 119 039104

sotoads suwerd /

TOTUCIE, GOPoST

oIy TNS SRUSIE 0TY

L3
5
£

L 1]

SANITNO anssTE CODEQOY,

ugudry
upus
wiudpg
uTuIyT
proe otueferotyn

pEoe otozueq HO 4

L T o N SR Y o WV S N

pIo® OTUTUUTH

-

SDTTONZHA
piow oquiTseuidy~¢ 21

bioe orugieel 11

TOUSIBOTOLO SUSTAYISH~4Z

e

£

uwpopunay (%

epjosode~L %z suatenby 4
susTenbs @
TOUSTPRISOIITOICK-02 4
TOWSTPRIS0RILD 9

&

i

g

*PIUOD 7 &Tqer



! (6561) s2xaqusucay
Vs

(12461)°T% 35 wryems

(0d61) Ti®g

(456T) Tusedey ¢ ouwdng

(0951) snexig

 (2567)" T8 75 uydesivres ¢ "
S [P .

¥
(6951) 92201 B
(69%7)
STTTIoTed 5 UesSusfaop

(5951) Teawisusy

(8951)0xusing 7 eACDLAB]

(2461) TTaBamis ¥ 997

(0461)3aeq03g ¥ SBUOUL

bt mten o mbain  wn - e wv....li

B e

A " A St o bAn tbumea

PIo®
1300 Axousydoaoiys-o

utuefooyIue
PATE 40U S00P J4'Y

suguelooyjue
Jo steeyusls ST

e s ——— o g . po—— o o— v

asdsaro BTUTHILA

Xerd

FoxIRY
SHOUSTIIE *T
FPnoTNe $ooy30UdIOnt]
Joize)

wredsopus IOy ZINEDEH
snosjEidotesd Y  ,,

SRTTE0 83

urpTURi)

apisoonidLp
=G C~uTPTURAD

wﬁmooma&tﬁﬁ%ﬂmx
OPISOOATI-UTPTURAD
uiuefooyzuy
uiueioogyuy
utuelodgiuy

st Tuwfooy} tBooNs T

uyes ey

Zogye TAujeu
~0uOon UTATAsoutd

12
oc
61
81
A
g9t
a1 -
i

12!

UCTIRIDTEIO( TEOULIGod PObtg B upaTAsouRd 21
sxoszanexd PLow OTUBUULY STOnCwoo snasdiung upuugy, 11
uogyeuiEn(ly
ISpUN S9STRIDUT PToOT spoe *1us
DTUSTOUTT # O19TOUTY uzedsopus BT *Zuco - sprdrT OF
. .mcm.&.»moﬁmax.
% PIoT o13tured
fgoplaenlidtay
BiNoge viqaoydng gjuen)iisues pdit 6
gogrorout prIdTiosAT?
$3u2tT prdrToudins oy BEUBIO SOlPUTIEY sprdyl 8
K} 4 o Z i

*PEce g alany



P —

£33,
-

: (1461)°1e 1® wyefey

&

43

(1]

(€451) TRy 7 YOTAPOTE]

VEL5T) TsuysToT

#

R

13

(q2461)*T% T8 efnang
(1461) Buifoy 3 ednang
ERARFARURERRX BRI EARARA

(2461) wsoamTUEH

(2461 '6951)38TTTH

* J008Y
TEOTITI0 ST UCTIBIIUSOUCD
rebng *esjouocxd pIoR OTAVID
*egTsSsUuls UBd SUOT® (%'

BIOPOLTIG10 BaALEotG

123

BTL0JIR6NIUE B159¢)

i

BITOI 14310 CLUTAON

&

BYEUTL STLEHLOL0

TeW +5

WLPTUTYLLSP

" uppTuRly uTpTucd
-J8led JO SOpIeoniln= 1
ugelyy  4¢
UTPOES BOTY 9t

upposs wgkdyy &€
{

ucoisiuy HE

*  ousydosiayp £
SUOPUTIO 7€
apaesily 1€
TruRouTLRg oL
upandand Exo- 62

wgzestie o~ o2
uteeqduors 42
upxeztuinb Sun=C g2
uLBIMTOTTETLY 62
ueingotIdTe Ho~ e

utuoddy €z

(uTzpeLP)
2UOABTIOST fxo-8( oA

ki

< 1

“BIU0D ¢ oIqmy



32

(0461) LsTvey

1]

*(8951) wT
pue ¥IipEecge einang
*(6651)° 12 10 ©qTIg

*(4951) " T® 38 paeyuisy
$(0L6T) T 35 217Xy

(9561 ) TTEOTY ® UTsIN0Y

WOATYES WnNSid

BTLOF1IS0uUE Bx0ydog
ZUBUSTA TULY

wosEder N

san3TNO SNTTE0 SLIOLLLOH

uglesid 9

updaeooxsid-1 §

ugeHowReRy

&

ULBWUSTS

[ShY

upzercdoog 2
T

SUTATURCY

SGNNOIWOY SNOHNVITIOSIH

‘pjuco gz 21981



microscopic adventitious roots had been formed. Exclsed roots grown
in vitro had nearly the seme amount of alkaloid as ‘tha root callus
culture. Mitra (1972) reported 0.41 to 0.45% of atropine per 100 g.
dry welight of a viable eulture of exclsed belladona roots obtained
from ¥-ray lrradiated seeds, Chan and Staba (1965) cbserved that
Datura stramoniun callus cultures produced maximum alkalold when
grown in Murashige and Skoog'es medium supplemented wilth coconut milk
and phenylalanine. Alkalolde were present in lower concenﬁ‘ation in
root callus than in seed callus. Scopolamine was found to be present

in D. stromenium suspension culiure when supplied with trople aecid

and H. tabscum cultures (Stohs 1969).

Nicotine, anatabine and ansbasine (Fuwruya, Kojima and Syono
1972;)) have been found 1o be produced by Nicotiana spp. Solt,
_Dawson and Christmann (1960) found that in excised root cultures of
N. glauca nicotine production was proportlonal to woot dxry weight,
whoreas anabasine production was proportional to the product of the
root dry weight and the length of the culture périod. The nicetine
yroduced by cell and callus culture was much less (0.1 ug/mg dry welghty
maximum observed 7 ug/mg dry welght) than in the case of the intact
plant (29 ug/mg dry weight). Krikorian (1966) has shown that callus
from embryos of N. rustica contained 0.85 g of alkaloids per &
100 g« 8ry vwolght. In general other spseles and varieties of
Nicotiana tested for alkelold gave negative or slightly positive
vesults, Furuya, Kojima and Syono (1967) have observed that with
Hicotlana callus IAA favours formation of anatabine arnd nlcotine,

but 2,4D stimulates phytosterol synthesis. Tabata, Yomamoto,

73
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Hiraoka, Marumoto and Konoshima (1971) have reported the inhibition

of alkaleld productlion without affecting growth of N. itabaccum

callus by auxing including IAA even in the presencs of kinetin.

Media containing kinetin alone increased nicotine production after

a lag vhase. Furuya, Kojima and Syono (1971a) have recently reported
that IAA é.ctivatee the blosynthesis of nicotine while 2,4D suppresses it.
Anatabine and anabasine were also formed in the IAA grown callus,
Heumann and Muller (1971) have reported that alkaloid formation in
totaceo callus culbure takgs,ﬁlace after root formation. They also
obsexved that growth inhibition stimulates alkaloid synthesis

regardless of precursor accumulation.

Catbarantbus roseus contalns 66 alkaloids of which four
are found to have antitwmour activity (Krikerien and Stewsxd 1969).
Several workers have grown normal tissue of (. rosens (Xrikorian and

Steward 1969). Babecock and Carew (1962) have shown that £+ oseus

containg alkaloids similar in chromatographie behaviour o seed
extract, Richert, Stolle, Groger and Mothes (1965) have identifled
vindoline and vindolinine in stem and leaf callus cultures; root
callus did not contain elther substance, Ajamalicine was detected
Yy Krilorian and Stewazd (1965), They also observed that with
different auxins, NAA anrd 2,40, the alkalolds produced were
different, Pattersen and Carew (1969) have isolated alkaloids
produced by a susponsion culture of (. rogeus and claseified them

into seven structural types.
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Reserpine was isolated from the cultures of Alstonia
constricta (Cavew 1965) and Rauvolfia (Mitra and Kaul 1964) in

small amounts. Rieinus communis exclsed roots produced ricinine

(Hadwiger and Walfer 1964). By feeding labelled nicotinic acld and
succinic acid it was proved that ricinine is formed from these
trecursors tut their concentration did not affect the amount of
ricinine produced. Dobberstein and Stabe {1969) have studied the
influence of various chemical factors on the production of indole
alkaloids by Ipomoea violacea, Rivea corymbose and Argyrels nervosa
suspension cultures. They not:.ed that highest alkaloid productlon
was obtained with Ipomoeaz cultures when grown on a medium contalning
alkaloid precursors llke me;'galonic acid and Letryptophan. Hlppeastrum
vittatun (Suhadolnic 1964) callus from germinated seeds has an
alkalold different from that of the seeds. Skxtanthusxsewins
Skythanthine hags"?een isolated from the callus cz;lture of Skyianthus

acutus (Luchetti 1965) and harmine from the stem callus of Peganun

harmals (Reinhard, Corduan and Volk, i968a). Veliky (1972) observed
that cell suspension culture of Fhaseolus vulparls transforms
tryptophan into harman and nox:fharman. Neumann (1968) has shown
that only highly differentiated cells formed alkalolds in NHacleya
cordata callus cultures. Ogutuga and Northcote (1970) detected
caffeine in tea callus culture. Sclasonine, a stercidal alkaloid
was detected in Solanum xanthoecarpum shoot callus culture (ieble,
Narayanaswami and Chadha 1968). Ruts graveolens suspension culture
groun in continuous light kave four alkalolds, skimmianine, kokusae

ginine, 6-~methoxy dectamnine and edulinine (Steck, Balley, Shyluk
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and Gamborg 1971a). Kovacs, Wakkary and Goodfriend (1964) first
reporied the presences of a compound resembling tomatine from tomato
grown gall callus. Roddick and Butcher (1972) reported the presence
of tomatine in callus and exelsed roots of tomato. From a two year
o0ld ecallus tissue of Coplis Japonlea berberine was 1sola:ted by
Furuya, Syeno and Ikuta (1972a).

Glycosides
Glycosides are widely distributed in plents and some are

often respensible for the taste or flavour of some foods and are
also often used medleinally.

Sargent and Skoog (1961) isolated and identified scopoletin
glycosides, namely scopolin, fablirin and /% ~gentiobloside and an
unknown glycoside which gave scopolé%n, glucose and an unknown compound
on acid hydrolysis. Montaldl and Skoog (1961) found that the amount
of free scopolétin derends on the concentration of auxin, IAA or HAA
in the medium and at a toxle level of auxin it is high. Kinetin
rrevented the release of free scopoletin into the medium even at a
high level of auxin. Pritig, Hirth and Ourisson (1967) have chown
that the phenylalanine and tyrosine were incorporated into scopolin
ard scopoletin and that the synthesis of gcopoletin occurrved prior
to the synthesis of scopolin. FPilgrim (1970) detected heliein and

isosalicin in callus culture of Agrostemmu githago and Datura ferox,

when fed with salieyie acld or sallcylaldehyde. Kirkland, Matsuo
and Underhill (1971) have reported the presence of 2-phenethyl
glucosinolate frem cell culture of Resede luteola and Z2e-hydroxy,



2-phenethyl-glucosinolate from Irovacolum majus cell culture.
Myrosinase, a glucosinolate hydrolysing ensyme has been detected by

them in seven plant tissue cultures examined. Sinapis alba eallus

culture contained glucosyl transferase, an enzyme assocliated with
glucosinate blosyntheslis, although no glucosinate was detected.
Itrahin, Thakur and Parmanand (19?1) have shown the presence of
glucosides of cyanidin and malvidin in culturss of J_e_ggsaleg
artichoke and carrot respectively. They alse demonstrated the
pres;:ence of cyanidin-3',5'-diglucoside in flax callus culture,
while the whole plant is rich in malvidin end hirsutidin,

Steroids _

Benveniste, Hirth and Ourisson (1954, 1966a, 1966b) have
identified campesterol, ﬁ -gitosterol, stigmastercl, 4,4'~dimethyl
sterol and h-mett_:yl stevol in tobacco tissue culture. Benveniste
(1968) also identified cycloeucalenol and cbtusifolicl in tobacco
callus culture and suggested that these compounds might be intere
medistes in sterol biosyntheslis, By using labeled acetate 1t was
shown that oycleartenol was converted to sterol possibly by more
than one route (Benveniste, Hewlins and Fritig 1959). Dioscorea
tokore (Tomita, Uomori, Minato and Hitoshl 1970) and rice callus

cultures (Yai,o.agawa, Kato, Kitahepa and Kato 1972) contain rhytosterols,
B4 ﬁ» ~sitostercl, stigmasterol and cenpesterol. Cholesterol was
present in D. tokoro (Tomita et al., 1970). As stated earlier,

Furuya et al. {1967) demonstrated that 2,4D directs the metabolism

of tobacco cells to produce phytostercls while IAA favours the

N |
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synthesis of alkaloids., Kaul and Staba (1968) have reported
+the presence of diecsgenin in root suspension callus culiure of

D. deltoidea. Callus culture of Solanum xanthocarpum produces much

higher quantities of diosgenin and A -sitosterol than the plant
(Hebel, Naryanswami and Chadha 1958). S. laciniatun (Vagujfalvi,

Maroti and Telenyi 1971) produces the same amounts as the plant,
Tomita et 21.(1970) have shown the presence of tokorogenin,

dlosgenin and yonogenin in the tissue culture of D. tokora.

Volatile olls and terpencids

The zbsence of sssentlal olls in ecallus culituvres of Mentha sp.,
carrot, Pimpinella anisum, Cordandrum sativum, Anethum graveelens and

Sium suave was noted (Krikorian and Steward 1969), whereas Andyographis

paniculata produces three new sesquiterpsne lactones (Allison, Butcher,
Connolly and Overton 1968), identified as paniculide A, paniculide B
and paniculide C (Butcher and Conmolly 1971). However, the
characteristic cdors of plonts are found in some cases when the

callus develops minute plantlets or organised structures.

Recently Reinhayd, Corduan and Volk (1968b) and Corduen and
Reinhard (1972) showed the presence of essential oils im the culture
of Ruta graveolens and demonstrated that light induced the callus
to form essentlal olle corresponding to the leaf tigsue, while
darkness induced synthesis of essentizl olle similar to root tissue.
Sardesal and Tipnis (1969) have shown the presence of geraniol in root

cailus of Corisndrum sativum, grown on White's medium with 15% CM,
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4 ppm TAA and 4 ppm 2,4D. Benveniste, Hirth and Ourisson (1966b)
have isclated the trif.erpenee. cycl;artenol. 24-methyl cyeloartencl,
citrastadienol and 28B-nor-citrastadiencl frem callus cultures of
tobaceos Squalene-2-3-epoxide, and squalene were detected in tobacco.
Squaleme callus (Benveniste and Massy-Westropp 1967). Arundoin, a
triterpene present in the root and leaf of the rice plant was also

detected in the callus culture (Yavagawa etal. (2972).

Phenoliecs
The process of lignification has been shown to occur in

in vitro cultures of many plant cells. Wacek, Hartel and Meralla(1953)

found that when coniferin and eugenol were supplied to callus cultures
of carrot and spruce bark, lignin formation increased. Gautheret,
Wacek and Meralla (1958) have shown that cultures, which had reduced
or no powsy of lignification when suppliecd with coniferin and exposed
to air, elther started the 1iénificatiox§ process (e.g. Vitls vinefora

and Sequloia glsantea) or increased it (e.g. Scorzqneﬁ:a hispenica and

Crataegus monom). Hellanthug tuberosus shows lignification
irrespective of the addition of coniferin. Malele hydragide, a

growth inhibitor had no effect on lignin formation. Wacek gt al.(1953)
and Gsutheret et al. (1958) have reporied that proploguaicone~De
glucoside did not augnent lignification. Higuchl and Barnoud (1964)
have shown tx‘,énafomaﬁion of ferulic acid into coniferylak in in vitro
grown cambial tisrues of a wlde varlsty of trees a.nd they have also
studied the lignin present in these callus cultures. Hasegawa,
Higuchi é.nd Iéhi.kawa (1960) have isolated lignin from callus culitures

of Pinug s;;g} bus grown on nutrient agar, and found thait noncondensed



nononexr wés higher in the lignin of young tissue, The unltravisiet
and infraved spectra show the characteristles of anglospermous and
gymnospernous lignin. Tobacco callus did not incorporate tyrosine into
the 1ignin (Dougall 1962). Working with a cell suspension culture
of potato Gamborg (1967) has shown that quinic acid and caffeic acld
can serve as direct precursors of chlorogenic acid., Callus culiure
of P. pigra (Vanverloc 1969) showed lignin which was like that of the
young secordary xylem but having an acld resistant property like
lignin from the phloem and old szecondary xylem of the tree. The

P. nigra callus had tracheids and more syringaldehyde/vanillin ratio
when grown on IAA than on 2,4D, Schafer and Wender (1970) have
studied the effect of Ca on lignification and suggested that the
scopolin/écopvlé?n ratio may be of even greater signlficance than
elther alone with vegard to lignification. Koblitz (1962, 19%66)
reported that kinetin and glblerellin #ncreased lignification.
According to Bergmann (1964) this is dve to increased number of
tracheide in colonies of callus culture. Bergmann (1964) also
suggested that kinetin shifts carbohydrate metzbollsm towards
shikimlc acld synthesls and accununlation of'phenylpropane éeriQa-
tives. Sugar level haAEeen found to influence formaiion of phloeml
and xylem (Wetmore ard Rier 1963) and also lignification
(Miodzianowski 1965). In camblal callus culiure of Szlix cinerea
kinetin IAA and NAA Ylocked lignification although fibrovascular
bundles were formed (Saussay 1967). Wacek et 81.(1953) have shown
that coniferine did not form trachelds and vascular elements but

increased ligpification in carrot callus cultures, Thus it seenms
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that 1lignin synthesis and differentiation into lignified cells ave
physiologleally independent. |

Tannin production in callus cultures of Junipsrus communis
was studied by Constabel (1965, 1968). Tannin level im callus
dininished with increase in dry welght or growth zute. Clnnamle
acld at 10™Y concentrstion stimulated growth apd at highsr level
increased tannin productlon. Light reduced tannin content to half
of that of cultures grown in darkness although nitrogen content
or dry welght were not affected by it. Glucose concentration at
1-2% increased tannin content shexply, at 2-6% 1ss rapldly, whereas
at more than 6% the increase was as rapid as at 1-2%.

Hany pigmented styains have besn rnoted in tissue sultures
(Gautheret 1959; Straus 1960 and Constabel 1967). Straue (1958,1960)
isclated several sublines of corn endosperm which varied in thelr
abllity to synthesig: anthocyanin and observed that aspartic aeid
enhances its synthesis. Blagkely and Steward (1961, 1964) working
with a highly pigmented strain of Haplopappus @acﬁlﬁ.s grown on Cli, NAA
and casein hydrolyszte have shown that increase in auxin level inhibited
anthocyanin synthesis. Blakely isclated three green stralns by
plating the plgmented cells on medium con‘eaining €N, NAA and caseln
hydrolysate, Sugano and Hayashi (1967, 1968) working with red
carrot (kintoki) tissue culture found two typss ,:.:qne (ac1) having
prominent synthetic capacity for anthoecyanin and the other &%GID)
which produced small amount of hydroxy clmnamic agld, TAA ‘ar;,imula.tad
anthocyanin formstion while 2,UD did not. Moreover, the activity of

!



Ll

ammonialiyase fo:_: thenylalanine and tyrosine was fourd {0 be mach
higher in AGID than AGIL. Thus it seems that the action of auxin
has a direct bearing on the prmary matabolic pcol.“ Callus tissue
of Dimorvhothecs auriculata grown with Q-chlorophenoxy acetlic acld
produced anthocyaning . Hormal plastids were not formed when those
colls were transformed to a medium contalning auxin which supports
the develorment of chloroplast In originally isolated stem tissue. -
Callus tissue of D. sinusts (Ball, Harborne and Araitti 1972)

grown on O-chlorcophenoxy acetic acid produced cyanidine3-glucoside
and delphidin-3-glucoside, Constabel, Shyluk and Gamborg (1971)
have shown thaet H. gracilis in the presence of 2,4D accumulates
anthocyanins, In the absence of auxin with kinetin or benzyl-
adenine for six days the anthogyanin content of cells increased

and at a higher level of NAA 1t decreased. Leucocanthocyanin was
detected by Goldstein, Swain and Tyhlo (1962) “n Acer pseudoplatanus

suspension culture and it was noted that a restricted amount of aix
veduced the synthesis. Forrest (1969) working with tea callus found
that 1llght inhibited polymerisatlon of leucoanthooganin and detected
catechin in the callus., Cronenberger, Vallet, Nef.ein and Mentger
(1955) have isolated cyanidin with a trace of what was possibly
dei!.phﬂ:gin from callus culture of Virginia creeper. A colourless
precursor, presumably leuccanthocyanidin (5-7-3°-4*-tetrahydroxy=
flavon 3=4% diol) was also lsclated.

The absence of flavanoids in the cultuvre of rature juice

vesdiclses from clirus fruits was earller reported by various workers
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(Krikorian and Steward 1969). Kordan and Morgenstern (1962) reported
that cultured vescicle stalks from mature 1eraon‘ frults frequently
released a white alcohol scluble strongly fluorescent compound. The
tissue turned yellow when exposed to ammonia suggesting the rresence
of flavonss, flavanones, chalcones and xanthones. The chromatographic

patierns of young seedlings and in vitro culiures were different.

Miller (1959) has isolated dizdsein (deoxyisoflavone) from callus
tissue of Glvebns max (soyabean), In the presenco of 2,4D cytokinins
were not regquired for deoxyisoflavone synthesis, MNelonic acld was
more effective then citric acid in promoting synthesis of the
compound. When the tissucs were supplied with 0.1 M sucrose in the
presence of ¢ytokinln they formed dladzein tui in the presence of
0.6 ¥ sucrcse or manmnitol they formed an unidentified compound
(¥11ler 1972). Inhibitors of protein and RNA synthesls reduced the
production of diasdrein but cycloheximide and puromyein ypromoted

the synthesis of an unidentified compound. Iliuminated culiures

of G. pax produced the flavone aplgenin at the end of the growth
pericd (Hahlbrock 1972). Berlin and Burz (1971) have isolated
diadzein (1), coumesterols (II), soyaged (III) and 2°,4,4'-
trihydroxy chalcone (IV) from callus suspension culture of root

tip of Fhageolus aursug. On prolonged culturing callus suspensions
showed disaggregation and decrease in the acocunulation of rhenolics.
B =IAA, ol-NAh or kinetin promoted more of (11). 1In suspension
culture (I) was mainly bound to a polym%ic ethanolic insoluble

material, although a small amount was transferxred to IY and 002.



Hecently o new chalcone, echinatin, was isolated and identified

by spectral analysis from the tlssue cul%m of Glyeprrhiza echinata
(Furuya, Matsunoto and Hikichi 1971} Neitein and Jacquelin (1971)
have reported the presence of simple phenolic acids, cinnemic and

p-0OH benzole acid, and the absence of complex phenolic acids in tissue

culiures of seven plant specles siudled. Jorgensen and Balsillie
(1969) isolated pinosylvin and its monomethyl ether from callus‘
culture of Pinus resinosa subjected to desiccation leading to death
over a perlod of 3 days at 2503. This indicates that these compounds
are formed by a change in metabolism of cells dying slowly under

the influence of adverse envirommentzl conditions as postulated by
Jorgensen (1961). Ulmus americana (Jorgenson and Balsillie 1959)

callus culture under similar conditions formed heartwood phenols in
young undifferentlated parenchymatous cells,
Furuya and Kojima (1971) first reported the presence of

anthraquinones from callus cultures of Digitalls lanata. The pigments

isolated were (1) digitolutein,(2) 4-hydroxy digitolutein, and later
(3) 3-methyl quinizarin, (&) pachybasin, (5) 3-methyl alizarin and
(6) 3-methyl purpurine were isolated and identified by Furuya,
Kojima and Katsuta (1972b), the last being reported for the first
time,

Miseellaneous Conpoundsg
Visnagin, a furanochromone, has been isolated from

suspension culture of Ammi visnaga (Kaul and Staba 1965, 1967).

A large amount of l-paackizin and a small amount of l-pterocarpin
have been isolated and identified from esllus tissue of Sophora
engstifolie (Furuya and Ikuta 1968). Coumarins were formed in the



cultures of Melilotus sp. (Routein and Nickell 1956), From the
suspension culture of Ruta graveolens (Steck et al. (1571) when

croun under continuocus light a new natural product rutacultin
6,7-dimethoxy~-3(1"',1'~dimethyl allyl) coumarin and five coumarins,
namely umbelliferone, scopoléidn, psoralen, xanthotoxin, isopempinilin
and rutamarin were isolated. From the root tissue culture of

B. graveolens, 7,8-dimethoxy~3(1' ,1'-d1m§thy1 211yl) coumarin
peoxalen, bergapten and xanthotoxin were identified with the help of
paper and gas liquid chromatography analysis by Kuzovkina, Kuznetsova
and Smirnova (1971). The phytoalexin pisatin wes produced by callus
culture of Pisum sa‘f_t}vum (Batlsy 1570). On prolonged sub-cultﬁre

plsatin formation was reducsd and it was found to be inhibitory
for growth. Glycine max grown on Heller's medium with NAF (10"3M)
end tryptophan (1 prm) gave fluoroscetate and fluorocitrate (Peters
and Shorthouse1972).



SECTION 3
Blogenesis

Blogenesis of Anthraguinones

Most of the anthraquinonezé.re polyhydroxy (methoxy)
derivatives with 1little variation in skeletzl structure. Early
analysis of the natural anthraguinones by Birch and Donovan(1953,1955)
suggested that thers are at least two blosynthetic routes fox the
formation of anthraquinones, (a) compounds like emodin (I} had
structures in accord with the acetate hypothesis, (b) while a group
of compounds related to alizarin (IX) seemed io be formed in some
other way, l.e. by shikinate and mevalonate route as it was liater
proved by Zenk and\ﬁstner (19672, 1968a and 1968b) and Burnett and
Thomson (1967 and 1968c¥.

Laballing experiments with e acetate by Birch, Ryan
and Smith (1958) and bty Catenbeck (1958 and 1960) established the
acetate derivation of heminthosporin, emodin, islendicin and cynodontin.

Additional confirmation was obtained by using ¢, 18

0 acetate as
precursor. GCatenbeck (1960), Bentley and Keil (1961), Bu'lock and
Smalley (1961) and Bu'lock, Smalley and Smith (1962) showed that
aromatic polyketides were actuzlly btullt up from a starter unit,
usually acetate, and a chain of malonate units (formed by carboxylation
of acetyl COA). This was confirmed in the case of islandicin
(Gatenbeck 1962) and the blanthraguinone rugulosin (Shibate and H—

TRekawa, 1962, 193). These results were obtained using moifs and
slnce all fungal anthragquinones are structurally consistent with

the acetate-mevalonate route this concluslon appears reasonable.

p
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As shown in Fig. 1 the variations in carbon skeleton can be
attributed to folding of the polyketide chain in different ways prior
to cyclisation, and also resulting from O-methylation, side-chain
oxidatlon dimerisation and the introductlion or omission of nuclear
hydroxyl groups. The presence of two ﬁ_—-methyl groups in the pigment
of Curvularis spp. is exceptional, the orlgin of the second being a
matter for conjecture., The products of animal metabolism have o -side
chain in thelr anthraquinone molecule (an exception being Ericcoccus
confusus which contains emodin and 7-hydroxy emedin). There are
indications that phenolic compounds found in marine inveritebtrates
arise by the acetate melonate pathway, although blosynthesis by
microbial flora cannot be execluded (Salaque, Barbier and Lederer 1967).

Half of the anthraguinenes found in higher plants unlike
emodin are substituted in only one of$ the bengenoid ring arggnay be
totally devold of a carbon side chain, i.e. allizarine (IX) or hydroxyl
groups, l.e. tecloquinone (X). The majority of these occur im the
Rublacese (subfemily-Rubloidese) and, to a lesser extent, in the
Bienoniaceae and Verbenjaceae (teaks) heartwood, tectoquinone {X) being

present in all three. The anthraquinones present in Bignoniaceae
and Verbenaceae

Loind

(Burnett and Thomson 1967, 1968)/(Sandermenn and Simatupang 1966)
heartwood are accompanied by 815 naphthaquinones, ex.deaxylapachol (XI},
while the Rubleceous plants contain a number of 015 naphthalenic
compounds )XII), (XIII) and (XIV) and also a-meth$xy-1~naphtho1
(Burnett and Thomson 1968b). These finds sugzested that (XI) is

synthesised in vive by prenylation of a nzphthol precurscr followed
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by oxidation, and since (XI) can be converted to (X) in vitro, either
by borontrifiuoride catalysis or by irradiation, it scems llkely that
the substituted (C) ring in thi; group of anthraguincnes is derived
from mevalonate., Burnett and Thomson (1968c¢) and Liséner and Zenk(1968a)
have established the above hypothesis by feeding experiments in Rubla
tinctorun (madder) plants with 2-1%C nevalonate. Appropriate degra-
datlons of pseudopurpurin ﬁRVI),'which had the same specifle activity
as rubladin {XV) and double that of alizarin {IX) and purpurin (XVII)
established égat carbon-i4 was distributed between the side-chain and
Cy in ring (C). This indicates that the origin of ring C in Rubiaceous
anthraguinones 1s as shown in scheme 1 and presumably the same pathway
is followed in Bignonlaceme and Verbenacese. The 015 Intermediates
(XI and XVIITI) have not been detected in R. iinctorun mt a pyran (XIV)
has been isolated which is eguivalent to (XI) and (XVIII), and 2 low
incorporation of deoxylapachol fXI) into alizarin g;s baen effected.
The Cyo precursor has not been isolated and identified. Labelled 1 l=
naphthaquinone was readily incorporated into alizarin (Leistner and
Zenk 1968c¢c), most probably by reduction and prenylation of the gquinol.
U 1“0 shikimic aclid has been shown to be totally incorporated into
alizarin and purpurin (Leistner and Zenk 1967291n R. tinto:um and thereby
provides the whole of ring 4 and one of the quinone carbenyl groups.
Henee the C;q precursor must have originated from shikimic acld,

All the anthraquinones in Rublaceae are not substituted

in one ring only. As shown in Flg. 3, seme of the‘species (Coprocma,
Morinda, Digitalis,etc.) contain both one ring substituted and both the
ring substituted anthraquinones. These can be derived from the

shikimate-mevalonate pathway, btut there is no experimental evidence,
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Digitalls was known to have only one ring substituted anthragulnone,
leading to the conclusion that they are derived by shikimate-mevalonate
pathway. However, in a recent investigation of D. purpurca, digitolutein
and 3-methyl alizarin were abtsent or barely detectable among & large
number of tvace components of which (XXITI) and (XXIV) could be
identified, Pachybasin (Curtis, Hassal and Parry 1971). an anthra-
quinone sutetltuted in one ring enly, which occurs in teak wood
(Vexbenaceae) and as a metabolic product of the fungus FPhoma foveats

was found to be synthesised by acetate-mevalonate pathway in the

fungus. Chrysophenol (Leistner 1971) in Rumex alpinus and Rhamnus

franguls vas found to incorporate labelled acetate. Hence the
possibility that plants may utilize more then one metabolic pathway
for the formation of anthraguinone cannet be ruled out.

Until recently anthraquinones were regarded as metabollc

end products. However, ing erzot (Claviceps purpures) anthraguinones

and ergochomes (XXVI) occur together (Franek 1969) and it has been
established that the latter are derived fyom the former by feeding
experiments with labelled emodin. Similarly sulochrin (XXVII) wes
shown to be derived from questin. (1,6-Dihydroxy-3-methyl,8-nethoxy-

anthraguinone)in cultures of Penicillium frequentans (Thomson 1971).

Study of blogenesis in ¢issue cultures

In kis review State (1963) has discussed the biosynthetic
potentlalities of various organ and tissue cultures and has stated
that tissue cultures are cytologically, physicloglcally and
blochemically distinet from the parent plants. However, a few organ
and tissue cultures have been reported to synthesise compounds

rresent in parent plants.



The blosynithesis of sccondary metabolites was studled in plant
tissue cultures by feeding various precursors. Thus by feeding L-ornithine-
HCl, Lephenylalanine and both together, and from the percentage of alhkalold

isolated from callus cultuwres of Hotursa stramonium, the blosynthetic

pathuay for tropane alialold was postulated (Tomita 1971). One

of the earlier reports on biosynthesls of secondary metabollies by using
the tracer technigue wae by Hasegawa, Higuchl and Ishikawa (1960) on
biosynthesis of llgnin, Tissue eulture of white pine readily lncorporated
glucase-bm{} and shikimateua-m’c into 1ignin (Higuchi, Ishikaws and
Hasegawa 1960). Further work by Higuchl (1962) has shown that phenyl
alanine, p~coumariec aeld and fexullc acld were guite good precursors

of conifer lignin and that the ligniflcatlon route via phenylpropanocice
aecid is Qperaﬁive in these tissues. Bardinskaya (1960) has reported the
use of 4issue culture in the study of blosynthesis of lignin, and

Ganborg (1967) using potato cell cultures has shown the direct incorporation
of il quinic acld and i4; caffeic acid into chlorogenic acld and also has
shown that a large portion of labelled carbon from aromatic compounds
(cinnamic acid, p-coumaric acld, caffelc acid, shikimic acld and

guinie acld) was incorrorated into the aleohol insoluble fracticn

’and_ was associated with Klason lignin. Solt et al.(1960) ueing

root cultures of N-glasueca have shown that labelled ornithlne wae
incorporated Into nicotine and labslled lysine into ansbasine. By

using labelled acetate as precursor labelled eguelene 2,3-epoxide

was isolated from tobacco tissue culture and was shown o be an

¥
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Westropp 1967). m’ﬂ-sq_ualene 2,3=epoxide was converted to cyéloéé‘tenol
and ZM-UHB, cycloartenol by tobaces tissue culture under anaeroblc
conditions (Eppenberger 1969). Fritig, Hirth and Oxxz:issoﬁ (1970)

have shown the incorporation of latelled I-phenylalanine into scopcletin,
and mcopolin, cinnamic acld and hydroxy clanamic acids (p-coumaric acid,
caffeic acid and ferulic acid) and also indicated that scopoletin is
synthesised prior to scopolin. The blosynthesis of scopoledin was

studlied by feeding tobacco callus cultures with U~1“'C

phenylalanine,
2-1#C-cinnamic acld, 2-1&3 glucoside ferulic acid and methyl-mc-
methioriine (Tomita 1971). Ricinine blosynthesis in excised roots of
Ricinum commonls was studied by Hedwlger and Waller (1964) and was
found to incorporate n;cotinic acid-'i’we and succinic acid-Z.B-mC.
Stohs (1969) hac shown the incerporation of radioactive tropine and
trople acid into scopelamine and hyoscyeamlne by suspension cultures
of Datura stramonium and N. tabacum. It has been shown that ihe
amount of scopolanine produced exceéd@l the Fformation of hyoscyamine
and cultures of D. giramonium more than three months old lost much of
their abllity to syntheslse these two alkeloids. Demvenisie et ml.
(1969) has shown the non~-gpecific conversion of 1M’C--cyc:l.c’a:vr:i;omﬂ.
{which was cbtained with other labelled stercls afier feeding the
callus with labelled acetle acid) into sterols and stated that ihe
schene, cycloartenol —» nethyl-24=cycloartenol > cyclosucalencl —>
obtusifoliol _5 "lovhenols” ete. might be only one of the pathways

followed. By adding 160 mg/l. tryptophan to the standayd medium

"Loof ﬁhaseolus vulgaris the concenbration of the alkalolds norbax}%‘!an



and harman were increased and alsc no alkalold was produced with
inorganic nitrogen indicating a direct role of tyyptophan in the
blosynthesis of carboline alkalolds (Vellky 1972).

The conversion of labelled mevalonic acld into sapogenins,
diosgenin, yonogenin and lokosogenin by the fellowing route, in
callus cultures of Datura tokoro have been reported: HVA ~> squalene
2,3 epoxide —> cycloartemol —> cholesterol —> 26 hydroxy cholesterol —»
16,26 dihydroxycholesterol -7 16,22,26 trihydroxycholesterol —>
. dlosgenin ~> yonogenin -S> tokonogenin (Tomita 1971).

5)
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PRESENT INVESTIGATION

The object of this work is to establish tlssue culture
of forest trees and to study their nutrition and the ;‘ormation and
blosynthesis of phenclics by a ¢issue culiuro.

Viable callus cultures of Tectona grandis (Tezk),

Artocarrus heterophyllus (Jack), Mgrus albe (Mulberry) amd
Populus nigra (Poplar) have been established in vitro. The

nutritional requirements of teak callus were studied in detall
and one unknown and twe known phenolic compounds were isolated
and characterised. The structure of the unknown compound wap
established by synthesls and its blosynthesis was studied by the
use of isoiopleally labelled precursors.

Tissue cultures of some speclss of poplar have been
established in wiiro by several workers (Cautheret 1959; Uélter
1964 Mathes 19%ba). The culturss of other trees, i.e. jack,
nulberry and teak have boen inltlated and established as viable
cultures for the first time in the present work.

Chapter 1 deals with Materlals and Methods.

Chapter 2 deals with Initiation and establizhment of
continuous cultures of Teak, Mulberry, Jack
and Poplar.

Chapter 3 deals with Nutritional requirements of teak
tigsue culiure.

Chapter &4 deals with Isolation, identification and
synthesis of teak gquinone-A,

Chapter 5 deals with (a) Effect of some nutritional factors
on teak quincne-A., (b) Biosynthesis of teak
quinong~i,
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CHAPTER =1

MATERIALS AND METHODS
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SECTION = 3
Materlals

t

The inorganic salis used for the preparation of medis and
the cartohydrates were of analytical grade (British Drug House or
B. Merck)., The following were from the sources indicated in
. parentheéis. Yeast and melt extracts, bacto casamine aclds, caseln
hydrolysate and bacto agar (Difeco), muxins, vitamins, nucleotides,
;:inins. aminoacids (Sigma Chenical Company or EDH), AMO 1618
(California Biochemicals).

I wish to acknowledge generous gifts of the following
chemicals: Zeatin from Dr. G. Shaw, UK., and Dr. D.S. Lethan,
New Zezland, 2-BT0A from Dr. H,Y. Mchan Ram, New Delhi, C.C.C. from
American Cyanamld Company, New Jersey, abscisic acld (I1) from
Hoffmann La Roche, Basle, and gibtberellins (GAy, GA,, GAy, GAs,
GAMGAW CAg and C'Aﬁ) from Imperial Chemicel Industries, U.k.

The plant materials used ave from the following sources:
Tectona grandis (Teak) and Populus misra (Poplar) from the Poona
University gaxden. Horus alba (Mulberry) from the garden of this
Laboratory. Aﬂam‘ ue heterophyllus (Jack fruit).: Seeds
collected from freshly cut frull from the local market and

germinated as described in Methods.

Ferric ethylene dlamine tetraacetic aecld was prepared
according to Murashige and Skoog (1652). Coconut milk was obtained

by pooling together the flltered water from a number of tender



green ccconuts, autoclaving at 15 1bs per eq.inch for 20 min, and

storing at -20°C, Before use 1t was thawed and filtered.

The silicaz gel used for chromatography sms 260 nesh for
thin layer chromatograp}iy and 40-60 mesh for column chyomstography.
A1l the solvents used were distilled and purifised. The specirus
pure alcohcl was obtazined by twice distilling alaahnlyan@. srored
i# in a2 Wrown bottle. Before use lts purity wes checked by taking
its UV spacirum;

Glassuere

All glassware used was Gorning trand. It was cleaned
by bolling in a solubtlon of sodium carbonate, rinsing with tap
water, immersing in 30% nitric acid and then washing successively
with tap water, distilled water and glass distilled water. It was
dried at room temperature on a draining rack. Test tubes and
Tlasks used for culbures were plugged with absorbent cobtiton weol,
autoclaved at 20 ibs. per sg. inch for one howr and dried at 100°¢

for 2 hours.



SECTIOR = 2

Conposition of Media

The composition of the different hasal media used in the

course of this work is shown in Tables 34, 3B znd 38, 7The supplements

added to the basal mediza and their concentrations are described in
the text. Modified Relnert and White’s (1966}, Murashige and
Skoog (1962) and Blaydes (1$66), macro and plare s2lis {Tavles 34
and 3B) were mrepared according to their 01:’135-?18"-1 publications.
All the other redis were modified as described below and therefore
refer not to the media descrlibed in the original publications, but
to modification as shown in the respective tables and merked with

an asterisk. The macro salts (Table 34) in the media were exactly

as described in the orlginal publicatlion. Among the micro elements ‘

(Table 3B) iron was added as fexric EDTA in White's and Smith's

at the concentrations shown in the Table instead of ferric sulphate
(Whites 1954) and ferric tartrate (Smith 1957), The trace elements
added to Knop's were according to Smith (1967) and aluminium and
nickel chlorides omitied from the miero salt solution originally
used by Heller {Cautheret 1959). Copper and molybdenum were added
to Whites media at the concentrations used by Smith and Smith's
mediun was supplemented with potessiun fodide at the same level as
in ¥hite's medium. Thiamine, pyridéxine, nicotinlc acid and
glycine (Table 30) at a ten times higher concentration than those
used by White (1954) were added in Whites, Knops, Hellers and
Smiths media (Table 3C). . In Murashige and Skoog's medlum glycine
was added at 1 mg insteed of 2 mg/l and in Relnert and White's at

56
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%.
3 ng instead of Amg/l. Ho changes were mede in the organic constituent

compositlon in Blayde's medium,.

The sucrose concentration was 20-30g/1itre and that of
agor ? g/litre. The sucrose concentration used is mentioned in the
composition of sach medium in Chaptexr II for the initliatlion of callus,
tnt in the nutritional studies on teak callus (Chapier IITY it was‘
kept at 30 g/litre according to Murashize and Skoog (1962).
Abtraviations have been glven in Table 3D to deseribe the
composition of the more frequently used medisz. Any chapges in these

tasal medla avre shown in the corresponding tables.

Preparation of media
After the addition of the supplements indleated in the

respective tables the basal mediun was 2djusted to pH 5.8-6.0 and
then made to volume. For semisolid médium agar was added at 0.7%.
The medium was steamed for 30 min. to melt the agar and¥% transforrved
in 20 ml lots to teet tubes (25 x 150 mm). Sterilization was carvied
out by autoclaving at 15 lbs rer sg.inch for 20 miﬁ.’, folloved Yy
steaming for 30 min, on the subsequent day. Heat lablle compounds
were sterilized elther by passing through & seliz bacterial filtex
or dissolving the solid compound in 70% alechol amd storing in a
sterile flask. The heat labile compounds were added aseptically

to the medlum at the required lsvels after the autoclavoed medium

had been steamed on the second day and had come down to a temperature
of 40°C. The contents of the tubes er flasks were tﬁ;n nixed

thoroughly.



SEQ 10K _3
Metheds of Subeoulture and Crowth Messurement

() Inoculations

All inoculations were carried out in a sterile room under
an inoculation hood heving an ultraviolét lamp which was swltched off
during inoculations. A continuous stream of alr, which was sterilised
by passing through aluminium strips coated with glycerine followed
by irradiation with UV, 1light was passed through the room. Sterile
forceps, sealpels and Petrskishes usve used for transferring the
plant tissues during the i:oculation and subculture. Callus
tigsue pleces of teak, mulberry, Jack fruit and poplar having
approximately uniform initial weight, as Judged visually, were
removed from four 4o five weelke old agax ’01‘11‘&111’63 and traﬁsferred

to teat medie. Teak callus wer generally grown on Nedium No.i

(Table 4) for maintenance and for use as inocula for growth experiments.

The wet weight of teak callus inoculum was between 80 - 120 mg. per
tube, Similarly Jjsck, nulberry and poplar callus were grown on
jedia 3, 4 and § (Table &) respectively. The inocula simes foxr these

cultures were between 60-80 mg. per tuieg, :

Heasurement of growth

Wet and dry welghts were taken as e measure of the growth
of the callus. Dry weights were obtained by drying the callus at
100°C + 5. In comparing growths both dry and wet welghts were
taken into account. Changes In dry and fresh welght were genexally

similar but in some nses the water content varied considerably.

63
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Standard error

To determine the dlifersnce in welght between repllcate
cultures an experiment was set up in whleh teak callus of uniform
size was transferred into 20 tubes of standard medium., After 35
days the welfht of the tissue in oach of the tubes was taken and
the standard ervor was o’b«_baineé by the formula _-_r_' Zn-:(?:% where &
is the difference between the individusl value and the average

and n the total number of tubes (Murashige and Skoog 1962).

The dlfference ia the welghts of the inoculum was also
determined in a similay mamer vsing 20 different pleces of falrly
uniform inocule. The standard evror of inoculum was below 7% and
for the final welght between 6 and 10 per cent. Tho resuibs of
experiments in which there was visibly a mar?edly(high@r or lower ) Q‘T‘ .
growth in one or move tubes were not taken into account for
deternining staniaxd ervor.

The growth measurements of all the cultures were generally
rade at the end of 30 to 35 days after which time the wet and dry
weights were determined. Tne a.verage growth o f:.ve replicate

’1.163 -

cultures was measured by 5% ewa:;*d (71903) in his growth studies and
a simllar mmber of culturee was kept in the present investigation.
Incubaticon of cultures

After inoculation the cultures were incubated in a dark
room at 27°C + 19C whers the zelatlve hunidity was maintained at

60 to 70 per cent,



SECTION _ &

{2) Estimation of teak-quinone A
A knowm quantity of teak quinone A (crystallised from bengene

and isolated as described in Chapter IV) was dissolved in spectrum
pure alechol and the absorption spsctrum of this standard solution
was recorded on o Beckman ratio recoréing spactrophotoneter model DK-2,
The pigment showed maximum absorbance at 410 m& and 276 m&

Teak quinone A was isclated from teak callus groun on
different medlia and its absorbence at 410 muor at 276 mj1 was
neasuved eilther on a Beckman spectrophotometer model DK-2 or DU,
From the optical density of a known amount of sample of pure Teak-
gquinone 4, the amount of Teak quinone-A/g tissue for the unknown

sanples was caleulated,

(b) Counting of ¥

C labelled teak-guinone 4

Teak callus culture grown on Murashlge and Skoog's medium
having GA, at 10 ppn was fed with labelled acetate (2-1¢) ana
2-1"'"'0 movalonate. The detalled experimental procedures of feeding
and isolation of pigment are described in Chapter V, Section 2.

After purifying the Teak quinene 4, its concentration was
estimated as described in Section %4(a), A known amount of labelled
teak quinone A was dissolved in a known quahtity (0.1 to 0.2 ml)
of pure methanol and this was added to 5 ml of Bray's scintillation
fluid of the following compositiont Naphthalene 120 gf: 3 PPO 8 5?*1513
POFOF O €7 Methanol 200 ml; Ett;ylene glycol 40 mls Dioxane 1700 ml.
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The radiozctive counts were iaken on a Packard liguid
scintillation Spectrometer, medel 3002, having 90% efficiency. From
the counts per mg of pigment taken, the counts per +oial amount of
pigment was ecaleulated. Percentage incorporation and speeific
activity were caleculated by the following formulas:

dpn of isolated compound

3 . X 100
(1) % incorporation dpm of precursor fed

dpn of compound taken for counts , Molecular welght

welght of the compound taken of the compound.
for counte

(2) sSpecific activity =



CHAPTER «1II
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INITIATION AND MAINTENANCE OF CALLUS FROM

A ST 4. 5K TR

EXPLANTS OF TEAK, JACK, MULBERRY AND POPLAR
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When this work was initiated there were very few reports
regarding the establishment of viable callus cultures from forest
trees. Accoxding to Gautheret (1959) only & oub of 25 species
tested formed viable callus, whils Jacquiot (1959) wes successful
in cultivating seven oub of twent)ﬁive trees tested. In most
instances suboptimal nutritional conditioné night have been
rosponsible for failure to establish successful cultures from

this group of trees, In order to inltlate and establish viable

callus cultures from teak (Tectona graniis), Jack (Artocarpus
heterophyllus), mulberry (Morus alba) and poplar (Populus nigra)
several media were tested. The possibility that medla nscessexy

for callus initiation and for malntenance on subculture may be
different was kept 1n view when this work was begun.

This chapter deals with the standardization of conditions
for callus initiatlion from btranch segments or seedlings of tesk,
Jack, mulberry and poplar and studiea on thelr viability on repeated
subculture, Greater emphasis has been given to teak because of lis
economic importance, its ready callus formation and the visible
pigrentation of the callus. Based on the results of these studles,
callus cultures of the other three forest trees were obiained and
the effect of different nuirlent supplements tested.



SECTION 1

(2) Initiztion of callus from teak

A tranch 2.5 = 4 cm in diameter from a teak tree, approximately
8 years ¢ld, was cut into 5-8 cm plecez. For sterilization two methods
were followed., (All operations were carried out under aseptic conditions
with stern?é’olu'tians). In the firet, segments of the branch were washed
with distill;d water after scraping off the outer bark and then rinsed
for 10 min with distilled water contalning a detergent (DET), The
detergent solution was poured off and the pleces were sashed thoroughly
with distilled water, and then put into 70% alcohol for 10 min., washed
with distilled water and finally transferrsd to a flask containing & 10%
sodium hypochlorite solution. This treatment was given for 20 nin.
undeyr vacuum with occasional shaking. The hypochlorite solution was then ‘
poured off and the plecos were rinsed 5-8 times with distilled water,
In an alternative method of sterilization afier washing with detergent,
the pleces were flamed 3 times after dipping in 70% alcchol,.

The sterilized stem pleces were placed separately on a sterile
wooden block and 2-U mm, square portions containing the cambium and pl'fiéem
were carefully dissected out with o scalpel and then transferred to test
tubes containing different media. Younger twigs (1—2 cn dlameter, 2«3 em
length) after sterilization were divided longitudinally into & wedge shaped
vieces and transferred to différent media., Initiation of callus was
observed after 10-~15 days. In addition to tranches and twige,?petioles
were also used. The petloles were cut inteo 0.5-1 em sectio;'xs and
transferred to tubses contalning different media.
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Twenty one different media combinations were tried for the
initiation of callus (Table 5) White's basal medium (WBM) supplemented
with yeast extract (Expt. 2) or pantothenate and bilotin with NAA and
cocormt milk (Expt. 7)43’?‘. and Reinert and White's modified basal
medium {RWEM) having casein hydrolysate, 2,4D and kinetin gave good
callus formation. RWBH without pyridoxine and with 2,4D, CM, CH and
vitamin C gave best ecallus formation (Expt. 20). The minimum require-
. ment for callus formation wes & tasal medium contalning NAA and CH or
RYEM without pyridoxine but with kinetin and 2,40 (Bxpts. 1 & 11).
Malt extract inhibited eallus formation (Expt, 3) which was reversed
by pantothenate {Expt. 5). Callus formation also took place with
petioles on RWBM containing 2,4D and kinetin and CH or GA3 and vitamin C

(Expts. 14 & 17).

(b) Growth of teak callus on subculture

For the survival of callus on its First subculture 14 different
conmbinations of media were tried (Table 6). WBM with 2,4D, GM, panto-
thenate and blotin supported slight growth of callus (Expt, 1). RUBM
supplemented with vitanmin C, 2,4D, kinetin and CH gave better growth
of callus than without vitamin C (Expts. 8 &) although it was a
good callus forming medium with primary explants. Optimum growth
of eallus on 1lis first su'bcultuie was obtained on Kﬁop's basal medium
(kBY) having 2,4D, kinetin and CH (Expt. 13). Coconut milk was
superior to kinetin (Expts. 14 and 15), while blotin and pantothenate
shoved an inhibliory effect (Expts, 13 & 14). KBM with 2,4D,
kinetin and CH did not support the growth of the callus on its
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second subculturse (Expt. 13). Stimilarly, KB with CH, vitamin C,
caffeine, inositol tryptophan, glbberellic acid, NAA 2,4D, YE and ME
in various combinations (Expts. 17-30% was found to give poor growth
of callus, When the basal medium was changed to Murashige and Skoog's
(MSBM‘;{) and cupplemented with IAA, kinetin and CH best eallus growth
occurred (Expt. 31). 'It nust be noted that HSB!S%: contained { ppm

of glycine instead of 2 ppm. GA::, and vitamin C kExpt. 32) under these
conditions did not further enhance growth, When JAA was replaced by
2,40 {Expts, W and 35) or NAA (Expte. 32, and 33), growth wes poor
even in the presence of kiretin, indicating that IAA is the best auxin
for the proliferation of thism callus. Even in the 4th subculture it
wasy noted that CM was better than kinetin (Expts. 31 & 36).

On medium 36 & 37 the colour of teak callus progressively
changed from twright yellow to orange and the plgment gradually diffused
into the x;e\éium. The isolation of the pipmented component in oallus
tissue vas therefore attempted. The callus was maintalned on MSBM4
supplenmented with IAA, CH and CH upto the 10th subeculiure. As
described in the next chapter (Chapter III), after the 10th subculture
CH was omitted and the lovel of glycine was increased to 3.2 ppm.
After the 15th suboulture the level of glyclne was maintaix;ed at

AY

4)" s
2 ppm as in Murashige and Skoog's original report, ( 7 lo's 1)



PUIT. .1
(A) Initiation of toak callus on explant

(a) Teak callus

gU&LJIUL
Callus of U) Jack; (2) Mulberry
and (3) Poplar.



SECTION _2

a) Initiation of callus from Jjack, mulberry and poplar

The seeds of Jack tree were outained from a freshly cut
fruit and sterilized as follows. They were successively washed with
detergent, distilled water, 707 alcochol and 10% hypochlorite solution.
Further manipulations were carvied out aseceptlcally. Afier 15 min
of hypochlorite treatment the seeds were washed free of chlorine with
sterile distilled water, transferred to sterile tubes having moist
cotton and allowed to germimate at 28°C in the derk, After 10-15 days
the seedlings were transferved to Petx:iiiishea and the shoot regions
cut into 2-4 mm long segments and inoculated into test tubes containing
different media. '

Explants of mulberry and poplar were obtained from small
tranches (1~2 om dlameter), sterllized and inoculated into media

according to the method employed for teak.

Jack callus

Explants from seedlings were cultured on 30 differcnt media
(Table 7). Callus formation was initlated on WBIH supplemented with
various growth factors (Bxpts. 2-10 and 12), but not when 2,4D and kinetin
(Expte. 11-13) were used together. When a pure sample of pigments
noreally present in the jack tree was added to the medium, callus
formation was inhibited (Eupts. 4 & 1}}). WEM having NAA, C¥, YE, MBE
and inositol gave good eallus formation but betiter ecallus formation
was noticed when BIOA replaced NAA (Expts. & & 12). CM was better than

kinetin for callus proliferation (Expts.12 & i4). At lower concentrations

7{'/
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of inositol (0.5 ppm) or CM (5%) or YE (0.05%) ox ME (0.05%) there
was very little or no callus formation (Expts. 18-20). There was no
callus formation on any other basal medium cxcept RWBM having 2,4D,
CH, YE and ME (Bxpt. 21). '

Kulberry ealius
The optimum requirement for callus formation in mulberry

(Table 8) was 2 basal medium (UBM, RWEM or MSBH% supplemented with
pantothenzate, biotin, 2,4D (IAA) and kinetin (or coconut milk)
(Expts. 2,6 & 7). TAA and 2,4D togsther ylelded better callus
formation than NAA alone (Hxpt. 7 & 8). The initlation of callus
was observed 10-15 days after inooulation and afier 35 days the
tissue was sybeultured. The callus was white in colour when grown

on (Expts. 2 & 6) ¥EH ard RWBM and tan in colour on HSBﬁi(Expt. 7)s

Poplar callue
The inltiation of callus from primary explants of

poplar was notlced 10=-15 days afier inoculation on media noted in

Table 9, The dinimun rejulirements for eallus formation were NAA, CM

or kKinetin, pentothenate, biotin with MSBMJ_ or RWBM, The best callus
formation was observed with ﬁSBMi containing NAA, kinetin, pantothenate,

blotin and 3% sucross.

Growth on subculiure

The experimental results on the survival of callus of poplar,
Jack and mulberry on repeated subculture are glven in Tables 9, 10, & 11
respectively. The best callus forming media for jack explants did not
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suppsrt growth on subculiure, but when supplemented with artocarpine,
a plgment from jack wood (Expts. 2 & 33 Table 10) a 1ittle growth was
ohserved when tissues were incubated at 26°C. The effect of arto-

. | gEx,:t 4&5)
carpine was not observed when callus was grown at 29-30 A & temperature
found sultable for Jack eallus., Further studles on this compound were
not pursued. Since Hsmliwas found sultable for the cultivation of
teak callus, this basal solution with BTOA, CM, YE and ME was also
tested and found to be good for the survival of jack callus. Either
BTCA and CM oy kinebtln and TAA were equally effective as supplepents
(Table 10; Expts. 7 and 8), whereas relatively poor growth was observed
with BIOA and kinetin (Table 10, Expt. 9). {2 eliminate the possibilities
of the presence of unknown factora“ospacially thenolics in Ci, Blaydes medium
with 2,40 and kinetin was tested. This medium with or without 10 ppm
of tyrosine and phenylalanine singly or together gave good growth
(Teble 103 Expts, 11 & 12),

’ Since mulberry resenbled teak in showing better calius
formatior; on a high salt medium 1t wasz transferred to RWDN or MSBHq
with pantothenate, blotin, YE, HME, C¥ or kinetin, IAA or 2,4D, in
different combinations (Table i1). 2,4D with RubH (8xpt. 2) or MSBiy “
(Expt. 6):*‘ as well as NAA (expt. 3) gave poor growth, Y& and ME-
singly or pantothenate and blotin together gave goed growth (Expis.

4, 7 & 8), Since the medium (Bxpt. &) is chemically deflned the

eallus has besn meintained rouilnely on thils medium by subiulturs

after every 35 days. ( Pla!?’é ~1I -
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Khe different medla tyied for survival of poplar callus
are 1isted in Table 9. 1In the case of poplar the best medium for
callus induction is alse the best for survival on subculture. When
different basal media (Expts. 3-6) were irled it was noted that HSB
with NAA, kinetin, pantothenate and blotin zave optimum growth. The
culture is routinely bveing maintained on this nmediun and subcultuved

every 25«30 days.

SECTION

Changs of growth rate of the cultures on subculturs

The growth rate o?ﬁhe cultures which was}‘ery low initlally
increased with subculture (Figs. & & 5). The growth rate of teak showed
marked fluctustion. With jack callus (Fig.5) maintained on Blayde's
medium, the growth rate was more uniform thyoughout. A steady
increase in growth was observed with mulberry cultures after the ninth
subculbure (Fig. 5). The rate of growth changed very markedly with
popler callus, In the first few subcultures the growth ratio (ratio
of £inal fresh weight to initlal incculum welght) was 10-15 wheress
later it was 30-40,
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SECTION 4

g,) Appearance of the callus

Teak, poplar and Jack grown on agar mediunm formed undifferen-
tisted masses of cells. Teak callus was compachk, hard and lig?lxt
yellowisheorange to brown in coleur depen&ing' on the composition of
the medium and incubatlon pericd. After 20-25 days the callus
gradually sank into the semisolid medium. When callus was grown
on MSBﬂisupplemen-hed with CH, IAA and kinetin 1t was pale yellow in
colour after 25«30 days. On the other hand hy addition of GA@} or by
replacement of kinetin with coconut nilk the callus was bright yellow
to0 orange in colour. The callus turned twown afier 40 days in medium
containing CH, and after 60 days in medium having kinetin. Callus
of Jack and poplar was soft and friable., Jack callus was brown amd
porlar callus white, t1il the 25th subculture, bul later slowly turned
pale yeliow and at present is light brown. Mulbarry callus consisted
of & mass of brown undifferentiated cells with a few white roots.

These rooits in general did not grow beyond 1-2 mm and were not affected
by the length of the inoubation periocd, except in a few cases where

some roots thickened and grew to 2 length of 2«3 cm,

b) Repreducibility of the Results
Tissue culturss were established from the branch segments
of teak in four independent experimenis using RWBM supplemented with
2,40, kKinetin and CH or RWBM (without pyridoxine) with 2,4D, CM, CGH
and vitamin C, from mulberry in two experiments using RWBM with 2,4D,
CM pantothenate and biotin or MSBMy with IAA, 2,4D, kinetin, pantbthenate
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) ",
and blotlin; from poplar in two experiments using M5By with NAA,

kinetin, pantothenate and blotin and from Jock seedlings in three
experiments using WBY with BTOA, CM, YE, MBE and inositol. Callus
initiation was visible after 25 days with Jack, whereas wlth the
other three 0’c:resa»s it took about 15 days.

A1l the cultures were viable on their respective nedia
for move than six years and with the excspticn of Jack they ave
being routinely maintained in this laboratory.

The results of these experiments indicate that viable
cultures can be obtained from branch segments of teak, mulbserry and
poplar and from éeedlings of jacke For Jack and teak the requivement
for callus formation 1s a tasel medium supplementsd with auxin,
cytokinin, CH, YE or ME. HMulberry and poplar formed good callus
when tbe basal medium was supplemented with an auxin, cecomut mlik,
pantothenate and blotin. Kinetln could replace coeonut milk for
roplar callus formation. Mulberry callus could be maintained on NSBl
supplemented withIAA, kinetin, pantothenate and biotin, which }
differed from callus initiating media by the absence of 2,4D, The
nedia required for callus formation and malintenance were the same
for poplar (i.e. MSBMy with NAA, kinetin, pantothemate and blotin).
With teak and jack the media for callus initlation and maintenance
were différent and a basal medium containing & high salt concene

tration gave good grouwth,
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SECTION

Digcusslion

The primary purpcse of the present study was to obtaln !
viable callus cultures fxom some of the forest trees on a chemleally
defined medium, and this objective has been sttained for teak, Jack,
nulberry and poplar,

The ninimun requirements for the formationd callus by all
the four tree explanis were a baszal ;nedium containing mineral salts,
vitamins, glyeine, an auxin and kinetin or coconut milk. Supplements
1ike pantothenate and blotin Heré found to enhonce ecallus initiation
from explants of ‘teak (Tabls 5, expt. 7), mulberry (Table 8, Expt. 32)
and poplar (Table 9, Expts. 1, 2 & 3) but not from jack (Table 7,
Expte 7)s The mineral salt composition of the basal medium influenced
callus formation in the case of poplar (Table 9, Expts. 1 to 3), but
not of mulbarry and teak., Various wérkers ha;m ghown that different
$issues differ in their auxin reguirements, Although it is not
certain whether an auxin is necessary for callus formation sinca'
the explants in the present study were not grown on auxin free media,
the results with different auxins show differences in callus formation
(Table 7, Expts. B & § and & & 12) and (Table 8, Expts. 7 & 8).

Medla without kinetin or coconut mllk were tested only for teak

explants and the resulits definitely indicate that for eallus géli-
feration these growth factors ave nscessary (Table 5, Expts, 21 &11),
Coconut milk was found to be growth snhancing for teak (Tabls 5, expts.
19 & 20), jack (Table 7, Expts. 12 & ib4) and poplar (Table 9, Expts.1d2).



89

Malt extract was found inhibitory for teak (Table 5, Expts, 2 & 3)
and stimulatory for jack (Table 7, Expts. 2 & 3). The enhancenent of
growth by inositol with Jack tissue (Table 7, Expts, 3 & 4) may be
due to the “antinecrosis effect” mentioned by Jacquiot (1964).
Although teak and jack formed callus on RUBM or WEM with
different supplements, they did not survive on subculiure on these
media {Table 6, Expt. 6 and Teble 10, Expts, 1 & 2). Hence different
medie were triad for the survival of these tissues. Teak callus
easlly proliferated on MSBMy, medium supplemented with IAA, kinetin
ard CH (Table 6, Expt. 31) and growtf; was betler than on RYBY supple-
mented elther witk 2,4D, kinetin and CH (Table 6, Expt. 6) or with CH,
TAA and Cii (Table 6, Expte. 12), Similer results were observed with
Jack where HSBtﬂi was found to be better for survival than WBN (Table
10, Expts. 4 & 7). The only difference between the callus initiation
ard callus maintenance media for mulberry was the elimination of 2,4D
from MSBM; containing pantothenate, biotin, kinetin, IAA and 24D
(Table 11, Bxpt. &), Mulberry grew better on MSBYy than orRWEN
(Tavle 11, Expts, 3 & 4). Poplar callus coiild be maintained indefinitely
on the same medium used for initistion (Tablc 9, Expt. 3). It also
grew better on a high salt containing medium (Table 9, Expts. 3 to 6).
These results support earlier reports (¥urashige and Skcog 1662 and
Borchert 1967) that added phytohormones and other growth factors can
exert betiter effect if supplied at optimum salt concentrations. IAA
was the best auxin for teak (Table 6, Expte, 32 & 33 and W & ‘35),
whereas jack grew better with BIOA (Tabieio, Bxpts. 8 & 9), Coconut
milk was clearly superior to kinetin for teak (Table 6, Expts. 31 & 36).
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Jack had a specific temperature reguirement of 30%ard <
the tlssue did not survive when incubated at a lower temperature (26%), /¢

!

The other tissues grew well cver the temperature vange of 26-3(30&. n e

One of the objectives of growing callus tissues from the
four trees was to devise a chemicaliy defined medium for thelr
growth. Teak callus could grow on MSI?M& containing kinetin and JAA
(Chapted ITIT), Jack could be grown on Blaydes' tasal medium
contelning 2,4D, kinetin, thenylalanine and tyrosine (Table 10,
Expts. 11 and 12)., Mulberry was grown on MSEM; supplemented with IAA,
kinetin, pantothenate and blotin (Table 11, Expt. &) while poplar
survived on MSBMy supprlemented with NAA, kinetin, pantothenate and
blotin (Table 9, Expt. 3). All these are synthetic media of known
composition. |

In most of the reports on the culburez of woedy trees the
tissue died on subculture and only in a very fow cases have viable
cultures been obtained . The tissues isolated from explants of teak,
Jack, mul'beﬁ:y and poplar in the present studies have been maintalned
by repeated subculture without any dimimutlon in growth for over six
years and can be congidered as viable cell lines of these fouxr trees,
These are the first reports of viable callus cultures from these

four trees.



Eie ) g
AP B = TI¥
Lo aty =g

RN, IO P

SUTRITIONAL BEQUIREMENIS OF 1hak CALLUS CULTURE

W i



SECTION 1

The nutritional requirements of teak callius were studled in
detall after obtalning viable callus as described in the previous chapter.
The effect of different minersl salt compositions, nitrogen and carbon
sources, auxins, cytoklinins, gibberellins, growth retardants and other
suprlements, pH and temperature were siudled. In some ecases the optimum
concentration of scm§ of the nutrients was determined, The experimental
corditlons regarding the inoculum, medium, pericd of growth etc. are
given in Chapter I, It should be noted that the objective of the
presenf>study was not merely to define the condlitions for obtaining
good growth of the eallus tut also good pligmentation. Rapid growth
of colourless tissue with no plgmentation would be of no value for
the study of the phenoclic pigments. The experiments described in this
chapter are not in chronclogical order. The variation in the final
welghts of the tlssues grown on the same medium may be due to the
period for which the cultures had been maintained in vitro when
the experiment was performed. The growth of teak tlissuve varied fron
one subculture 4o the other as deseribed in Chaplexr II. Although the
results»%glpach Table can be compared, the wesults in two different
Tables under identical conditions are not necessaxrily compsrable.
Hence controls were yun in each experiment and the significance of
gach experiment has been discussed with reference to the contrel in
each case, Carry over of nutrients with the inoculum could also
have influenced some of the rssulis. The effect of kinetin clearly

denonstrates this point as the tissue 4id not grow when subculiured

y\‘é‘: %»@ .



repeatedly on & medium without kinetin, although 1t grew well
in the first subeuﬁ\mf.,

In ﬁoét of the Tables used foxr the growth of teak ecallus,
the chahges in the composition of the medis are given with reference
to the medium (Chapter 1), Both wet and dry weights were determined
and were taken as a neasure of growth. sze standard error of mean
has teen discussed earlier in Chapter I. On the basis of these results
a particular effect was arblirarily cc;riaidered as significant only
when the growth obtalined differed from the control by at leas£ 15 to

20 per cent.

(a) Mineral nutxition

Several inorsanic solutions have bsen used for the culti-

vation of plant tissves in vitre. Of these, six differant basal

inorganle salt solutions, differing either in the concentration or
number of salts supplied, were used fox the growth of tsak callus.
No change was made in the original composition of lnorganic
solutions as veported by the respective workers. The micronutrient
requirvements were not studled. The organie aupﬁlements were supplied
according to Murashige and Skeog's (15?62.)medium. |

On a d{s;hnd wet welght basis tezk 'ﬁssue grew best on,
Murashige and Skoog's medium (Table 12). Although on itgfivst
subculture the callus grew on Smith's (1967) as well as Nurashige and
Skoog's (1962) media, on subseguent subcultureé the wet and dry
welghts were markedly reduced on the former. Teak callus did not

survive on Hellar's (Gautheret 1959) or Reinert and White's
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(Wolter and Skoog, 19&6) mineral solutions on subculture. On White's
(1954) medium, the callus gradually diminished in welght, while on
Blaydes®' (1966) medium it gradually increased in weight.

The cclour of the callus was also different with different
nineral salt compositions. On White's minerals it was pale yellow,
on Hellexr's brownlsh yellow, on Smith's very light yellow and on
Reinexrt and White's blackish brown in colour., The appearance of
callus on Blaydes' and Murashlge and Skoog's solutlions was similax
in being compact and coloured yellow to orange brown on Murashige
and Skoog's medium and orange yellow on Blaydes' medium. In all
cases the callus grew deep into the medla, Subsequent work was
carried out on Murashige and Bkoog's medlum as it gave optimum
growth with good plgmentation.

(b) Nitrogen

The main source of niirogen in Furashlgze and Skoog's
mediun ie amronium and potassium nitrate. The effeet of different
nitrogen sources 1s shown in Table 13. Potassium was supplled in
equivalent amount as the chloride and nitrogen was added either in
an inorganic or organic form. All the organic compounkls except urea
and allantoin vwere added at concentrations given irn the Table and
not in amounts equiva'lent to the niirogen present in [lurashlpge and
Skoog's medium, Optimum growith occurred when standard hurashige and
Skoog's nedium was used. Falrly gocd pgrowth was observed with
totassium or ammonium nitrate and yeast extrzet while ammonium

sulphatse, ammonium chloride and calclum and sodlum nitrate 4id not



A -

- -

FE0IN0S UDSDOLILU JUBABISLID 40 196378

€7 ~ otaey

91 08 U4 #e1 9% gee Ye'0 W0TXIXe JTe €1
48 €ty 111 1A 1] 4 25d $2°0 10vayxXa I880L 2T
W2 961 i 602 iy ode ¥6T ATTm nucoey 11
19 88t 0% et 8% 9ge wid gQy-sresitoaply uiesel 01
44 2419 €l 629 &8 494 uiojuUeILy
41 ) 72 602 84 66¢ Baay
- - €1 {44 81 64t ToMun
- - €1 €11 62 ze2 o5 ()
8z oLt O 9%z 4 62z Conex
- - o4 7062 82 Pl 2(Comyen
64 oS 49 894 65 09 ContTy
09 905 0gt 0401 ) 7 o
28 248 s. . oig 101 ghot (mmgpen gan)Eontiy + Comt
oW
§ *3s Azq *3m 9 m van £xg *a1 208 *an fIg saM 303 SeRI0T UOTOTAIN oy
€ z JeqEnY sanjLnoqug
wppen T8 QO0T/N 2 O48°0 1' PeppR Se0anos uedoadiy ,
of = esozong fudd § - ugpzeupy swdd ¢ - wvi B
«udd 7 oupoAf2 + (DZ oTaL]) s,90048 puR ITUSRINY - mwc&amﬁpsw opaedan
eoanos usfoxtu fue noysts =,8c0ig pue OFpusmANy - SITeS [BISUIR CETESW

o 8N 2 WO O O



give good growth. Foor growth was observed with all the orgenic
nitrogen sources except allantoln and ysast extract., CGrowth on
allantolin decreased on subculture. All the organic nitrogen
sources gave higher dry welight of the tissue compared to the
standard medium. The moisture content of the tissue was variable
and was least with yeast exiract,

Nitrogen scurces influenced the pigmentation and
appearance of calius, Calcium and sodium nitrate and ammonium
sulrhate and chloride gave & black or brownlisly black, hard compact
tissue., On potassium nitrate the callus was yellow to black and
imparted a red colour to the medium. A 1ight yellow, soft,
spreading czllus was observed with ammonium nitrate and allantoin
although the colour was lighter with the latier. On cocomut milk,
casein hydrolysate and malt extract the callus was black in ecolour,
on urea it wes pale yellow and soft while on yeast exiract it was

yvellowish brown and compach.

(e) Carbon sources

The effect of different carbon sources which inecluded
different carbohydrates was tested on teak tiseue (Table i4),
Sucrose was omltied and thé carbon sSources were adcied at 3% concen-
tration. All the medla contained inositol at 100 ppue Teak callus
grew best on sucrose and glucose on its flrst subsulture. The
results with galactose were striking. There was an increase of
almost 700 per cent in the final wel welght of tissue with galactose
in its second subculture compared to the first and this effect was

maintained in its third suboeulture also. A similar but much lower
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increase was also observed on subculture with Bructose and glucose.
Starch and sorboae d4id not support growth while xylose gave negligible
growth,

On sucrose the callus grew as a compact, yellow to dark
yellow coloured cell mess; with glucose a white soft callus was
observed and with fructoss it was a black conpact mess. On maltose
the tissue grew as a soft pale yellow spreading culture. With
galactose the tissue grew as hard yellowish callus,

Sucrose Concentration

The effect of dlfferent concentrations of sucrose was tested
on teak tissue (Table 15). On its first subculture 3 to 5 per cent
sucrose gave better growth then at lower concentration; the water
content with $% sucrose being high. On subculture the growth was
very poor with 5% sucrose whereas there was marked inereasei in
grovth with 1 to Z per cent sugar. In the third subculture the

growth with 3 and &4 per cent was as good as with 1 per cent sucrose.

(4) Amino Acids

As indicated in Chapter II, teak callus was grown on media
having casein hydrolysate. In this experiment casein hydrolysate was
omitted and the amino aclde, groupsd as shown in Table 16 were added
to the MEBM4 medium (containing 1 ppm glycine) at concentrations
equivalent to those present in 200 ppn of casein hydrolysate, From
the data it con be observed that glyeine alone could give optimum
growth of eallus. Growth in the presence of methionlne, threonine,

Di~valine and Di-isoleucine or with nedis having all the amino aclids

7
i
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Table =~ 18

Slyeine concentration

Media. Mineral sclution NMurashige & Skoog's (Tabloe 3A°& 3B)

;v’-

Orgenic supplements - Vitamine Murashige and Skoog's j{lo glycine

¥inetin 1 ppms IAA 5 ppm; sucrose 3% adgded, Table 3C}
Subgulturs number 3
Ho. Glyeine conc. poms et wt. Dry wt. 24
1 0.0 972 192
2 2,0 1268 184
3 3.0 1044 120
& 5.0 1176 208
5 10.0 1328 200
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ag present in caseln hydrolysate was the value as that obtained
with caseln hydrolysata.

The effect of casein hydrolysate, glbberellic acid,
nucleotide bases and an increased glycine level were tested with
Murashige and Skoog's nmedium containing 1 ppm glyelne and the
resulis are giér\en in Table 17, From the data 1t can be observed
that an increased glycine level gave bvetter growth than caseln
hydrolysate especlally in the third subculture. When gibberellin
and nucleotlde bases were added alone or combined to the medium
a little increase in growih was observed. Optimum growth was
however obtained with glycine and sibberellic acid. From the

above results it can bve concluded that glycine alone can yeplace

Al o
casein hydrolysatey The effect of glycins concentration is shown ‘i‘) Tohe ot

in Table 18 and it can be observed that glycine concentraiion
of 2-10 ppm was equally effective. For further work 2 ppm of
glycine was used instead of 1 ppm.

(e) Effect of different vitaming

Murashige and Skoog's medium contains thiamine, nicotinie
acid, pyridoxine and inositol only. The effect of these vitamins
was detormined by testing the eifect of the individual vitamines
and mixtuves of vitamins. From Table 19 it can be seen that when
thiamine, pyridoxine and nicotinle acid were eliminated fyom the
mediun the growth of the callus was poor but significant. The

callus grew very well with thiamine alone on its first subculture,
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hz;t on subseguent subculiures the growth was negligible. Hlcetinic
acid showed some sbimulation whereas pyridoxine showed a three fold
increase in growth on the third subceulture., Of the three combinations
of two vitamine each (Expt. 5,0,7) only pyridoxine and thiamine
showed marked stimulation especially with firsi two subcultures.
Faxinum growth was observed when all the three vitamins were added.
Table 20 shows the effect of 1%&31%.31 and glyecine which
wers not omitted in the previous experiment. As-the callius could
grow without pyridoxine, thiamine and nicotinic acld, in this
experinent all the three vitanmins were omitied. It can be observed
from the resulis that 4eak csllus slowly dled on subenlture when
inositol and glycline were omitted. The callus barely swuxrvives
when glyelne wae added at 2 ppms Inositol at 100 ppm, increases
the growth of callus strikingly in all the subculitures. Glyeine
and inositol together dld not increase the growth more than
lnositol alone. The best growth was obtained on media containing

all the organle supplenents of MNurashlge and Skeog's medium.

Concentration of inositol

Inosltol was generally added at 180 ppm. As inositol was
shown to be essential for the growth of teak callus, iis optimum
concentration vas determined. As noted above, callus dled on
subculture in the absence of inositol. The optimum concenitraticn
of inositol was found to be about 160 ppm (Table 21),

(£) Auxins
The effect of different auxins was tested by omission of
IAA, which was generally added at 5 ppm and additlon of the auxins
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at the concentrations shown in the Table 22. IAA was found to be
the best auxin for the growth of the callus. The callue did not
proliferate in the absence of auxin and cytokinin. On subculture
siight growth was maintained even in the total absence of kinetin,
but not in the absence of auxin. IBA, K-NAA, IPA and pB-NAA
supported growth, each compound belng more effsctive thaen the
rreceding one, but none of them gave ae good growth as IAA,
2,4D and 2,4,5-T did not support the growth of the callus,

The callus was pale yellow ic orange when growi on IAA,
whitish yellow with q(__-NAA. necrosis set in with 2,4-D ‘;nﬁ 2,4, 5-T

whize IBA and IPA gave dark brown coloured callus.

The effect of different concentrations of IAA is shouwn
in Table 23. Optimunm growth occurs at 5 ppm IAA. Auxin is
esgential for the growbth of teak callus,

(8) Cytokining
Callus tissue of teak was grown on medla having different

eytokinine (Table 24). Teak callus could grow on medla without
cytokinin but at a slow xate. Coconut milk gave maximum growth
of callus, Of the chemically defined compounds kinetin rave
maximum growth. With diphenyl urea dnd zeatin there was a gradual
growth stimulation on subeculbture. Growth with thiourea was less
than with other compourds.

The callus turned vory pale yellow without any cytokinin.
With zeatin and DPU 1% was more yellow. Meximum pigmentation was
vieunlly observed in eocomut milk containing medla though kinetin

also gave bright yellow callus,
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The effect of different concentratiouns. of kinetin on teak
callus growth was noted (Table 25), Optimun growth was obtained

at about 1 ppm. The callus survived even at 5.0 ppm kinetin.

(h) Gibberellins

Glbberellins, particularly g;bberallie acid (GAB) have
been reported to havé growth pronoting activlty'in plants.h ASQ
GAg at 10 ppm concentratlon was found to enhance the growth of
teak calluns in its initial stages, the affect of varlous
gibberellins added aseptiecally to the mediunm was studled
(Table 26). The welghts obtained in these experiments show that
there wasn no significant incresse in the growth of fhe callue
with any of the gibberellins, eapeclally on subculture. The slight
increase obtalned with GA3, GA5 and GA13 requlires confirmation.
There was marked inhlbitlon with Ghn.

There was no visual difference regarding plementation
or type of growth of the callus with any of the compounds.However,
when gibberellic acid was added to the medlum and antoclaved,
marked pigmentation of the tlssue was observed (Chapter V).

Concentration of zibberellic aeld

Table 27 shows the effect of different concentrations of GA3.
It can be sesn that on subeulture, as the GA3 concentration increased
tissue growth was reduced. At hlzher concentration of GA3 50 ppm
the tissue turned brown.
(i) Huclelc acid bases

The five nucleotide derivatives (adenine. guanine, c¢ytidylic

acid, thymidine and ufacil) were added separately and together to
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the standard tesk medium 8t a concentration of 2 ppm (Table 28),
The results indicate that on the third subculture adenine and
vracil were markedly growth enhancing whersas cytidylic acid was
inhibitory. All the compowds together were not morve effective
than adenlne or uracil alone, The callue in all the cases had an

4

orange yellow colour and & compact appesrance.

(3) growth retardants

The offect of different growth retardants was studied on
teak callus. Tt can be observed from Table 29 that at as low a
concentration as 0.005 - 0,01 ppm, all the three growth retarding
substances, ABA, CCC and AMD1618 reduced the growth of teak callus

markedly. ABA and ANO 1618 at 1 ppm were strongly inhibitoxy,

the growth being only 15-20% of the control and with CCC about 407,

The appearancs of the callus dld not change when growth
retardants were added, except that at higher concentrations

necrosis was observed.

(k) CAg ang ABA effect

ABA at four different concentrations was added under
aseptic conditions to stardard teal medium (Table 30). It was
cbserved that ABA was incresasingly inhlbltory as the coneentration
was increased., Vhen UAq was added to medlum having 4BA, it
partially reversed thg inhibltlon due to ABA,

In all the cases the callus was hard, compact and yéllow
to brown in colour. The colour became more brown vhen the

poncentration of GAB and ABA ¥as increased,

116
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Table - 29
Effect of ABA, GCC & AMO 1618

Media: Mineral salts - Murashige and Skoog's (Tables BIA & 3B)

Organic supplements(ppm) =~ Murashige & Skoog's (7able 3¢)
L

j{yo?ne-'ippm - IAA - 5.0? kinetin - 1 ppm; sucrose - 3%

No., _Supplements Wet wt. Dry wt,
(mg)
1 Basal medium 1004 %
2 ABA 0,005 346 37
3 ABA 0.01 410 by
& ABA 0.1 423 38
5 ABA 1.0 130 1%
6 cee . 0,005 523 55
7 cee 0.01 7 59
8 cee 0.01 384 by
9 cce 1.0 236 36
10 AMO 1618 0,005 655 85
11 AHO 1618 0,01 57 62
12 ANO 1618 0.1 519 56

13 AMO 1618 1.0 189 20

L




Table 20

Effeet of GAB and ABA

Fedias

Hineral salts - Murashige and Skoog's (Tables ZA & 3B) ‘
. Organic supplements - Murashige & Skoog's (Table J0), y(y’ﬁ”e - 4 ppm
Kinetin - 1 ppm; IAA - 5 ppm & sucrose 3%

ABA & GAg added asptically, concentrations in ppme

119

No. Supplements (prm) Wet wht.  Dry w.
1 - 1204 "4 119
2 ABA 0.01 704 77
3 ABA 0.1 274 51l
4 ABA 1.0 290 33
5 ABA 2.0 71 20
6 GAgz 1 4 ABA ,O1 1099 110
7 " " 595 63
8 v T 1.0 586 54
9 " " 2.0 27 38
10 GA3 10 + APA 0,01 703 34
11 oo+ " 04 516 53
i2 " " 1.0 636 65
13 * " 2.0 458 40
14 Gay 50 + ABA 0.01 606 67
15 " 0.1 b3 Ly
6 " " 1.0 393 4o
A " 1.0 492 48

-
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(1) ZTeuperature

Since growth of Jeck callus was found to bo enhanced at
higher temperature, tealk callus grown on medla with or without GA3
was incubated at four different temperatures and the growth was
neasured (Table 31). It was found that teak callus grew best
at about 30 + 1°C. GAg had no measurable stimulatory effect
at 26° ~ 30°C and at 40 days it was inhibitory at these tempera-
tures at which there was good growth without GA. Teak callus

generally was incubated at 27 + 2°,

iy 9’ t
parniired EA

o 1 1

(m) Hydromen ion concentration  The & w¢ &y

In all the experiments on the effect of aifferr;n'h growth
factors, the pH of the medium was adjusted to 5.6 to 6., To Tind
the optimum pH (Table 32) for the growth of teak tissue, the
ezllus was grown on mediz at pH 4 to 8. On wet welght tasis
the growth of the teak czllus obtained from pH 4 to 6 was about
the sane, At pH 7 the growth declined, and again at pH 8 it
increased. The reason for this is not known. These resulis
require confirmaticn. The change in pH during growth was not

neasured.,

(n) Inoculum size

Table 33 shows the effect of inoculum size. The results
of these experiments are represented by final welght and by the
ratio of the final wet weight to the inoculum wet welght. With
inocula of 30 - 135 mg of fresh tissue the zatio waz nearly the
same. Further work has to be done to establish whether the

€
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Table = 31

Effect of temperaturs

Inceulun - 80 %+ 20 ng.

-y o

¥o. Temperaiure MSB ( Table 4-1) MSB + Giaq 10 ppm
o vet wt. (ng) webt wt,” (me
c 20 days 40 deys 20 days § 40 days
1 26 - 27 k15 927 652 753
2 30 - 31 1367 1706 1348 881
3 37 - 39 290 256 410 349
4 4 w45 261 173 161 153
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Iable - 32
Effect of oH

Hediume o, .
Mineral salts - Murashige & Skoog's (Tables 3A & FB)
. Organic supplemente ~ Murashige & Skoog's (Table 30)
- IAA - 5 pomy kinetin - 1 ppm & Sucrose 3%

P Wet wh. (mg) Dxy ut.{mg)

4 800 70

5 799 80

7 2% 20

8 59 62
Table - 33

Effect of sige of inoculum

¥edium: Kinecral salis - Murashige & Skoog®s (Tables A & ZB)

: Orgenic supplements - Vitamlns & Glyolne at the concentration

Sl of SB-medium ( 7able -1c), glycine-1ppm
e ' ' TAA =~ 5 ppm; klndetin - 1 ppmj sucrose 3%

No. Wt. of inoculum  Final average wt. Ratlo of final wi. /

(ng) (mg) inoculum wt. (mg) —
i 30 328 11
2 50 1188 24
3 115 1263 11
b4 135 1391 10.4
5 250 1hh9 6.0




L
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Table =~ 34

Different Awexr Concentration
Mediums Minerals - Murashige & Skoog's (Tables fék & éﬁ)

Organic supplements - Murashige & Skoog's vitamins and glycine(Table 3&?
5@ Gne~ 1 W/IAA - 5 ppmy kinetin - 1 ppmy sucrose 3% '

Inoculum - 100 #+ 20 mg

Ho. Agar % Wet welight Dru welght
ma

. [
0.5 738 68

1

2 0.7 932 138
3 0.5 2h2 102
4 1.1 83 86
5 1.3 7% 84

k7
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highér final ratic obtained with 50 ang inoculum size is of
significance, The minimum inoculum size was not determined.
The results of this experiment show that the incoculum generally
used wos suffleient to permit growth and that verlation of size
within definlte limits dld not affect the experiments provided

that inocula in each set were nearly the sanme.

(,fo) Agar conecentration
Agar 1s asdded to the medium as a senl-solld btase for the

growing tissue. At a low concentration of agar the mediun is
softer and the tissue gote subnmerged whereas at a higher concen-
tration 1t affscts the diffusion of nutrients to the tissue,.

Teak tissue zrew best at 0.7% agar concentration{Table 34), With
more than 0.9% concentration of agar teak tissue showed diminution
of growth.

('P) Crowth curve

Many of the subsequent experiments on the production of
Pigment were carried out with or without GA3 in the medium. Hence
growth curves were determined for both media. t

The growth curve of teak eallus with or without gibberellic
acid (10 ppm) is shown in Fig. 6. Therc was no significant
difference between the growth curves in the two media, There is
a brief lag perlod followed by 2 pericd of almost linear increase
in weicht with time.



SECTION 2
DISCUSSION

t should be noted that in the present work the effect of
geveral different factors was studied during three subcultures
under the same conditions. This reduces the effect of carryover
of nutrlents with inocculum which can be of significance in many

Casete

Hineral compesition

The mineral composition of the medium has a profound
effect on the growth of plant tissue and organ cultures. The
inovganie salt solutions now belng used fox the cultivation of

plant tissuee in vitro have been developed by modifylng the

solutions of White (1954) which was originally used for root
and later for callus cultivation and of Gautheret (1937).

Burkholder and Nickell (1949), Heller (1953), Hildebrandt,
Riker and Duggar (1946) and Murashige and Skoog (1962) have
demonstrated that the concentration of salts in White's and
Gautheret's solutions are sub~-optimal i‘for some tissues. Nitsch
and Nitsceh (1956), Wood and Braun (1961) and Murashige and Skoog
(1962) have shoun that enhanced levels of nitrogen, potassium
and phosrhorus promoted the growih of & number of tlssues. For
the cultivation of tree callus in vitro, Jacquiot (1964) used
Gautheret's mineral solution, Reinert and White (1956) modified
White's solution by increasing the salt concentration, Mathes(1967)
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used White's mineral solution while scme workers (Gautheret 1959)
used Gautheret’'s or Heller's mineral solution. This indicates
that callus cultures from various trees have dlfferent salt
requirenents.

The optimu}n growth of teak callus on Murashige and Skoog's
- mediunm shows that the higher concentyatlon of salis in the medium

is beneficlal. Successful cultures of Acer vennsylvanliea and

A, saccharum (Mathes 1967), Cupressus lusitenica (Borchert 1967)

ash, pine, and oak (Wolter 1964), olive (lavee and Hesser 1969) were
obtained when grown on media having high salt concentrations.

The fatlure of teak tissue to survive on White's, Heller's,
and Reinert and White's media can be attributed to thelr lower
nitrogen, phosphorous and potassium levels, but the growth on
Smith's mineral salts ig not eamily explainable as this medium
also has«(aﬁlon salt concentration. On Blaydes' mediun which has
a lower nitrogen and higher phosphate than Hurashige and Skeog's
medlun, good growth was cobtained. Though Hurashige and Skoog's
salt soiution is adequate for the growth of teak callus it would
require a large number of experiments to determine the optimum
concentration of each of the macro elements. The micro elenents
present in each medium may alsof affect the growth ofﬁcallus
and 1ts survival but these have not been studied.

Nitrozen sources

Riker and Gutsche (159:8), Hickell and Burkholder (1950) and

Heller {1953) reported that nltrogen was reguired as nitrate and
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that their callus culturss could not utilize nitrite or ammonium
salts. However, tomato root cultures at neutral pH could utidlze
amzonium as the nitrogen source (Hannay, Fletcher and Street 1959).
Very fow trze calll have been studied for their nitrogen reguirement,
Simpkin et 2l. (1970) reported that nitrate was essential for

A. pseudoplatanus c@llfs and growth was enhanced by ures, CH or

& mixture of amino acids. Mango leaf gall callus (Jain and Arya 1666)
grew well wvhen a pancreatic dlgest of casein was used along with

“hite's alneral salts. Steinhart et al.(1951) showed that ammonium

nitrate was not useful for the cultivation of Picea ables callus,
culture, while White and Gilbey (1966) have shown that spruce
ecallus could grow well on media supplemented with glutamine and
ammoniunm nitrate, chloride or sulphate though on sodium nitrate
arowth was poor. De Torok and Thimenn (1961) have shown that for
their strain of spruee czllus, asyaraginé was & bettor nltrogen
source,

Teak callus grew best when supplied with nitrogen in the
form of ammonium nitrate and potassium nitrate. é4mmonium as
sulphate or chloride, and nltrate as the sodium or calciun
salt gavq&oor growth., The fallure of these salts to give good
growth m;§ be due to the high concentrations of calcium, scdium,
sulphate or chloride ions which had to be added to supply the
required nlitrogen level thereby upsetting the balance of lons
in the medium.

Complex orgenlic nitrogen sources such as casein hydro-

lysate, edamin, peptone, malt extract etc. have been used

7
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extensively in studies of many plant tissue cultures (Gautheret 1955).
Yeast extract was first usedd by White (193%4) for the culitivation

of tomato roots. Later it has been used for pollen cultures of

Gin}é;fa%iloha (Tulecke 1957) seed cultures of Santalum album (Rao 19565)
and maize endosperm culture (Straus and LaRue 1954). MNalt extract
has been successfully used for the cultlvation of Pinus streobus
(Lowenberg and Skeog 1952), Picea ables (Steinhart gt al. 19%1),
Vigna catjang (Mascarenhas, 1965). Casein hydrolysate has been
utilized for the cultivation of maize endosperm cultures(Straus

and LaRue 1954), mango leaf crown gall cultures (Jain and Arya 1656)
ard Thuja orientalis (Razo and Mehia 1969) callus culture. Bdamin
together with other incrganic nltrogen sources was found t¢ be

growth enhancing for tobacco callus (Murashige and Skoog 1962) .

Compared te the other organic nitrogen sources studled
for the growth of teak callus, yeast extract at (.2% concentration
gave good growth.

The poor growth on compiex nitrogen rich substances llke
caseln hydrolysate, malt extract ete. can be explalined as
sugzested by Street (1566) that the absorbed amino aclds might
not be deaminated or thelr deamination products may not yileld

ammonium at sites where they can be effectively used.

Carbohydrate sources

Gauthevet (1941, 1G45) was the first to study the
carbohydrate requirements of calilus cultures. Similar studles

were made by several workers and it was conecluded that most
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cultures grew well when supplied with sucrose, glucose or
fructose (Hildelrandt and Ricker 1949 & 19533 Nickell & Burkholder
1950; Henderson 195:). Galactose was ineffective with most tissues,

but tumor tissues of Vinca rosea (Hildetwandt & Ricker 1949 & 1953),

and normal tissue of Bequola sempervirens (Ball 1955), Acer

Sarc re

penusylvanicum (Mathes 1967) and A. peeudoplatanus (Simpkinsl

et al, 1970) could readily utilise it, Sequola (Ball 1953) could
utilize mannose which is also not readily utilizable by most of
the tissues, Maltose was readlly taken up by normal carrot
tissue, corn enddsperm tissue (Straus and LaKue 1970), and

A. pennsylvanicunm (Mathes 1967) and A. pseudoplatanus (Simpkin:.

et al. 1970) and tumor tissue of Vinca rosea, Tagetes erecta,

Chrysanthemum fructescens, Helianthus ennus (Hildelrandt and

Ricker 1949, 1953), and mango leaf gall callus (Jain and Arya

1966), A, permsylvanicun (Mathes 1967) had the ability to

utilize raffinose., Hildetrandt and Riker (1949, 1953) have
reported the utilization of pectin, dextrin ani soluble

starch by various tissuwes, Soluble starch has been found to be
utilized by virvs tumor tissue of Rumex acetosa (Nickell and
Burkholder 1950), corn endosperm tissue (Stra;us and LaRue 1954)

and callus tissue of Rubus fruticosus (Karstens and de Heester 1960)

Juniperus commurnis {Constabel 1963), A. pennsylvanicum (Mathes 1967)

and A. pseudoplatanus (Simpkin et al. 1970). Clycerol was

utilised by carret (Cautheret 19482). Callus cultures from

Malus pumila and Halus rchusta could utilize sorbitol as



paeed |
:,«‘] .
ey
S

sole carbon source (Chang and Taper 1972). Like Acer sp. teak callus
also could use a variety of carbohydrates, partlicularly monc-
saecharides like galacteose, glucose and fructose and dizaccharides

" Hxgxoadpgicsooalucens a xisuekass Rrs dlereshexides like

sucrose and maliose. GCGalactose in particular is an excellent

cazrbon souree,

Vitanming

White (1954) first included yeast extract at 0.01%
concentration in tomato root media and later found that thlamine
and glycine present in yeast could replace thls extract. It has
genérally been observed that like organ cultures, callus cultuvres
also require vitamins. Pyrldoxine was found to be essential for
ash (Wolter and Skoog 1966) ‘ami niacin for spruce callus (Rissgz'
and White 1954), btut in many cases there is no proof that
Bfvitamins are essentlal for growth, The requirement for
thilamine by totaceo ecallus could be replaced by high levels
of kinetin (0.5 to 1 ppm) ard at this level of kinmetin,
synthesis of vitamin By was activated (Digby and Skoog 1966).
Thiamine has been added for the growth of various woody tissues,

Juniperus virginiana, Pices ables, Pinus banksiana, P. strobus,

Citrus limonum, Populus deltoides and Quercus alba (G&uthgret 1959) .

The resul¥s with teak showed that 1t has no absolute
requlrenents for pyridoxine, thlamine or niacin. Of theme three,

pyridoxine alone and pyridoxine and thiamine together highly



stimulated grokh in the presence of IAA, kinetlin, inoslitol and
glycine, Wicotinie acld alone or together with pyridoxine and
thianmine did not stimulate the growth of callus showing that 1t
was not essential for growth, Czosnowski (1952a) demenstrated
that certoin callus +issues were not stimulated by thiamine as
they already contained this vitamin. Other workers (Gzosno%?ki
1952bs Paris 1955) have shown that a number of callus cultures
require thiamine. Fyridoxine has not been shown to be essentlal

or to enhance the growth of callus in meny cases (Street 1969).

Inositol has been found to enhance growth of nany
callus cultures, (Risser and White 1964; De Toroks and Thimenn
15613 Pollard, Shantz and Stewsrd 1951; Linsmaier and Skooz 1965)
and alsc 4o be an essentisl yrsguirement in some cases 1like,
Fraxinus pennsylvenicz (Wolter and Skoog 1966). The growth
of teack callus was totally dependent on inositol even when IAA
and kinetin were supplied. The optimum concentration of incsitol

for growth was found to be 100 ppm.

Auxins

Auxine ave known 4to control cell elongation and several
other processes in plents, Indole acetlc acid 4s the naturally
cceurring avxin, Many synthetlc auxins have been described, |
gome of which are nore active than JAA and ave used in the cultl-
vation of plant sissue cultures (Street 1969, Cautheret 1955).
" Callus cultures of Cltrus limeonum, Cratasgus monogyna (Gautheret

1959) and Pinus nigra (Bodgavendc 1968b) required NAA for growth.




Jacquiot (196L) described four types of cultures based on their
auxin, cytokinin and other growth factor regulrements and showed

that some callus cultures (e.g. Fopulus iremula, Ulmms campesiris,

Tilla parvifolia and Frunus aviam) requlred auxia for their
proliferation. White pine (narvey 1%7) and maritime pine

(Lavavda 1970) vequired IAA and NAA for callus formation. 2,40
which could initiate callus formation counld not suproxt growth

cn subculture in white pine. Sendalwood seeds (Rao 1965) formed
callus when grown on media having IAA and kinetin. Follen of

Thuja orientalls formed callus with 2 ppm 2,4D (Rao and Mehta 1969),

Anton (1968) hos shown that at low levels of 2,40 (0.04 ppm)
rooting of aged callus of aspen occurred.(Simpkin-sbale<19703
Cell suspension cultures of A. pseudoplatanus (Simpkin gt 21.1970)
required 2,40 which could not be replaced by IAA,and NAA at high

levels gave poor growth. Pinus nidra (Bodgavonic 19%8b) required

2,40 initially for callus development, but later NAA was required,
Nobecourt and Kofler (19%45) used IAA for xoee cultlvation in vitro.
TAA was better than 2,4D for olive callus (laves and Messer 1969).
IAA or NAA was: added for the formatlon of callus in Einus
sylvestiis (Bodgavonic 1568a). Citron tissue (Schroeder and
Spefl{;or 1957) was found to respond to a wider range of GAB concen-
tration In the presence of exogenous TAA., GCallus cultures of

Botuls varucosa, Castanes vesea and Sallx carre were not

stimulated by avxin (Cautheret 1959).
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Teak callus could not survive without suxin and showed an
abeolute requirement for it, Like Plnus nigra (Bodgavonic 1556b)
cultures teak callus could be initilated on 2,40 contalning medium
but later 9t required TAA for growth. NAA wes not as goed as IAA
2t the concentration supplied, Stimulation wilth IAA occurred even
at as low a concentration as 0.1 ppm. IAA was the only phyto-
hormone required by teak eallus culture, its optimum concentration

being 5~10 prm.

Citokinine

Coconut milk was first used by Overbe_ék, Conklin and
Dlakeslee (1944, 1942) for the growth of immature embryes of
Tatura. Since then 1t has been found to atiaulate cell division
in othor cultured tismsues and has been used exthbensively for the
cultivation of many tissues in vitrs (Gautheret 1955, Street 1969).
Unlike callus cultures obtained from Hucalyptus gomphocethala
AP, E. camaldulensis, Dehnk and E. gunni Hook sieans (Jacquict
1954), pollen of Thuja orientalis (Rzo and Mehta 17%9) and

Ginkeo biloba {Tulecke 1957) and entryos of Ginkgo bilobe
(Wang and L1 1966), teak tissue did not have an essentlal
requirement for coconut milk. Like Acer pseudoplatanus
(Henshaw et al. 1956), A. pemmsylvanicus and A. saccharum
(Mathes 1957) ecallue cultures which grew in (M and later on
kinetin, teak callus also could grow oa kinetlm over repeated
subculture, The growth of teak callus in C¥ containing medium

was double that obtained on kinetin medium and was simlilsr to
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Cupressus cultures (Borchert 1967) which had a greater requirement.
for CM than kinetin.

Diphenyl urea was isolated from coconut milk by Shantz and
Steward (1955) and shown to have cytokinin activity by Strong (1958).
Bruce, Zwar and Kefford (1965) tested a number of substituted ureas
and thioureas and found that most of them have cytoklnin activity.
Carew and Schwarting (1959) observed that DPU was able to support
the growth of rye embryo callus when added with CH and 2,4D.
Mascarenhas (1955) have reported the stimulatory effect of DPU
on maize, Tice » Sorghum and wheat calll in the presaence of high
levels of NAA (5 ppm). Teak callus was stimulated only slightly
by DPU and thicurez in comperison with kinetin.

The stixaulétoxy effect of kinetin on the growth of tlssue
cultures has been extensively reviewed (Street 1969). Risser and
White (1964) reported the depressing effect of kimetin at concen-
tration from 10~° to 1676M on spruce :;iaaéi cultures. Wolter and
Skoog (1956) reported a stimulatory effect of kinetin in the

prexence of 2,4D. for Fraxinus, Finus plnaster (Lavaud 1970)

and sandalwood seed callus (Rao 1965) were formed in the presence
of kinetin and an auxin. Plnus momticola (Haxvey 1967) callus
was stimulated by kinetin and P. nigra (Thomae 1972) hypocetyl
tiszue was cultivated in the presen¢e of kineitin. 0Olive callus
reguired kinetin afier a number of passages on media without
kinetin (Lavee and Messer 1969). At high levels of kinetin in

an auxin free medium Acer pseudoplatenus cell suspensions formed
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egrregates (Simplirsed 2l, 1970). In maple wood callus the exira-
cellular hemlcellulose formed in the presence of high kinetln had
2 veduced cmcunt of galactoss and xylose and an increased content
of glucose (Simphkin and Stveet 1970). For the growth of teak
callus kinetin was found to he stimulatory but not essentlal and ’
‘ho callus was sensitive to kinetln sven at 0.1 ppm level in the
presence of 5 prm IAA. The plgmentation was moxe than with DPU,
thiocurez or zeatin, indicating that kinetin affects plenent

metebollsm of 4eak callus.

Zeatln at 0.1?}l level enhanced growth of teak callus.
Lethan (1963) and Miller and Witham {1964) Ffound that meatin was
much more active thon kinetin in inducing cell dlvision in carrot
root and soyahean eallus tissue cultures. 2Zeailin grown teak callus

with this kinin

was white irndicating that cell metabolisn/end kinedin is different.
Glbberellins

After the detectlon of gibberellins in higher plants (Paleg
1965; Lang 1970) a number of workers have tested their effect on
the growth of cultured tissues, Netien (195%, 1958) and Nickell
and Tulecke (195k) found that the tissues tested by them were
elthsr insensitive €0 or inhiblted by glbberellin. Growth of
tumor (Street 1959) and Fraxinus pemnsylvanicum (Wolter and Skoog
1966) was cnhanced by gibberellin. For the continucus culture

of tlssues from stsminate cones of Cupressus funetris gibberellin(GAB)

was found to be essential (Straus and Epp 1960). GAB in conjunction

with IA4 gave good growth of Nicotlana (Murashige 1964).



Teak callus growth was initlally stimulated by GA3, "aut
later on the stimulatory effect was not observed (Tables 17 & 27).
Recently many different glbberellins (ILgng 1970) have been ilsolated
from different plants. Nome of the glbbersllins tested had a
stimulatory effect on teak callus but & marked inhibiition was
observed with GAg.
Nucleotide Bases

Very few workers have reporied the effect of nucleotide
bases on tif::sue enlture (Murashige end Skoog 1962). Callus
formation in excised corn endospera (Tamaokl and Ullstrup 1958)
and growth of rye embrye callus (Carew and Schwarting 1958) and
spruce callus (Risser and White 195%) was not affected by adenine.
Tobaceo tis:ues (Murashige and Skocg 1962) increased in welight by
50% when supplied with Braun's solutlon (CNP, GMP, L-asparagine
zad Leglutamine)., Growth of malze tissue was enhanced by
cytidylic acid snd aderine and inhibited by uraeil, wheat tissue
was stimulated in the presence of all the nucleotides added,
while vice tissue wus not stimulated in studles carrled out
in this laboratory (unpublished). Teak callus showed inhibition
of growth wlth cytidylic acid and enhancement with uracil ard

adenine.

Growth Retardants

The effect of growth retardaents has been situdled morxe in
intact plants then in organ or czllus cultures. Dolichos lablab
(Tung and Raghavan 1568) root cultures were inhiblted by CCC,
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phosphon and B=995 at various econcentrations and it was noted

that the inhlbition was due to & yveductlion in the frequency of
cell division. Absecisic aecid (ABA), CCC and ANO 1618 were found
to be inhibitory for teak callus culturss at very low levels.
Blumenfield and Gazit (1970) found that at low levels of kinetin
10 pom ABA is inhibitoxry but the inhlbition is overcome by
increasing the kinetin level in the medium. ILi, Hie, Rohrbaugh
and Wender (1970) reported that at higher and lower concentrations,
GAB overconss ABA Inhibition of growth and lignin synthesls and
vartlally reverses ABA inhibition of soopolléi}n. proéuction in
tobaces tissua culture. HRecently Altman and Goren (19?1) reporsed’
the prohotion of callus formation by ABA in the citrus bud. Although
ABA inhibited growth of teak callus, GA3 could reverse this

inhibitory effect,

Temperature and Light
Bost of the plunt tissues ave incubated at 23° to 33°C.

The optimum tempei’a'bures for Spruce ¢issue was 20° (ﬁiaﬁer and
White 1964), for wheat cultures 25° (Shimeada, Sasakema and
Tsunewak: 1969) and for tarley and wheat 27°C (Gamborg and
Eveleigh 1968) vespectively. Cultures in thls laboratory are
crown at 26° ¢ 1°C though teak callus grew best at 30° * loc in
" darkness,

Teak callus showed very good growth under light and turned
green, However, there was also a higher tempevature in the light

chanber, This effect was not studied further.



Hydrogenakiss lon coneentration

The optimum pH for sunfloxer and tobacco tlssues was
found to be betwsen 4.5 to 6.3 for spruce between 5.5 to 6.5
(Rimser and White 1964), for mailze erdosperm callus (Straus and
La-Rue 195@) between 6.1 to 7 while normal and diseased Pennilsetum
typhoides gave good growth at pH 6.0 (Tiwari and Arya 1967).
It was obsorved that at nesutral pH, growth of teak waes minimum

and opbtimum growth was between pH 4 to 6,

Inoculun size

Plant culiures generally grow‘poorly; if the inccuium
size is too amall. Growth of teak cultures was neaxrly the same
over a wide vange of inoculum weights (30-i3% mg) though generally
100 + 7 mg vet weight callus was used, The effect of very:

small inocula was not tested.

138



CHAPTER - IV

QUINONES FROM TEAK CALLUS
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SECTION 1

gxpagimehta;

One of the main purpose for growing callus iissues from
the woody trees was to determine whether the phenolicancrmally
present in the wood of these +rees can also be synthesised by
tissues in cultwre, and aleso to determine if any new phenollc
conpounds are produced by these cultures., The earlier chapters
dealt with the initiatlion, maintenance, and nutriticnal
requirements of the forest trees with particulsr reference
to teak. This chapter describes the methods used for the
extraction, isclation and cheracterisation of some compounds
(anthraquinones) from callus tissue of teaka Fig. 7 shows
anthraquinones obtained from teak heartwood (Sandermmnn and
Simatupang, 1966).

Detection of anthraguincne in callus cultures

In preliminary experiments one tube of each of the callus
cultures grown on two media (1,23 Table %) was haryested and each
callus extracted separvately with cold and hot acetone. The yellow
coloured exiract was filiered, concentrated and spotted on silica
g6l plates (150 x 50 x 1 mn). The chromatogram was developed with
different solvent systems.gof which benzene containing 5% acetone
wae found to be best. All@%he extracts showed the presence of
three yeliow spots having g% vaiues very near to each other, and

a fourth yellow spot moving with solvent front.
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The callus from the third subculture also showed the same
type of chromatographic behaviour, The extract ‘fromb the callus
growing in its third subculturs was spotted for :prepaiat'ive layer
chromatography (PLC) and developed w:;ih benzene containing 5%
acetone. The PLC showed the presence of six coloured compounds -
four yellow, two violet (Fig.8), The major band A was eluted
with acetone and filtered,the acetone evaporated to dryness, the
residue dissolved in benzene, filtered, ‘concentrated and kept

for crystallisation.

The UV spectrum of the crystals was taken in ethanocl
and thelr solubllity in NaHC0q and NepCOy determined. U.V.
spectrum was also tzken in alkeline seodium dithionltie. The
plgment turned pink in NaOH solutlon and on additlon §f Haw-
dithionite 1t turned yellow, which by air oxldation again

turned pink,

IT. Isolation of teak gquinone-A and teak gquinoneg-B

In order to obtain compound A in sufficient amount to
identify its structure, a batch of teak callus consisting of
about 100 tubss was gom‘on mediun 2 (Table 4).

The tissue was hervested after about 50-60 days of
growth, The wet tissue (250 g) was dried in a freese dryer
(25 g) and soxhleted succe#slvely wlth petroleum sther, benzene
and acetone, Pe‘fz.ethe:c refnoves fast moving and waxy compounds.
Teak quincne-A and teak qginone-B were present in benzens extract.

Two methods were used for isolation.
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1} Teak callus extract

2) 1,2,3 trihydroxy 3-Me ,anthraquinone



141

1. Isolation of teak quinone-A by selective solubllity

(a) The benzene extracted material (0.3 g) wes dlssolved in
about 350 to 100 cec. of benzene and ghsken with & satwrated solution
of NaHCOB. The NaHCOB layer was collected gud the benzene solution
was again extracted. The collected NaﬁGQB eolution was aecidified
+111 slightly acidic, extracted with &H(.tljf dried over NaosS0y,
filtered and concentrated. The emulsion formed did not bresk easily

and was kept for several days.

This NaH003 soluble fraction was chromatographed. It
showed the presence of traces of tesk quinone-A a,nd» teak quinone-b
on the chromaiogram along with four cther minoxr compounds. The
rresence of teak quinones A and B might be due to traces of Ha,zﬁoB
in NaHC04.

(v) Benzene extracted material treated with NaHCOg was
furgher treated with 5% NapC0g solution till 2 colourless extract
was obtained. The carbonate solution was acidified, extracted with
6}203_3. and washed free of acld, dried over NapS(p,, filtered and
concentyated.

The presence of tesk guinone«A and teak guinone-B was

observed in this fyaction by chromatography.

(e) Tho benzene extract after treatment with NaHCO4 and
NapC03 (a & b) was further extracted with 5% NaOH solution $111
it was colourless. This was then acidified, and extracted
with chloroform, the chloroform extract dried over NazS04,

filteved and concsntrated. The unbroken emulsion was kept aside.
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This fraction on TLC shows the presence of teak quinone-B

and other slow moving fraections.

{d) The benzene soluble material shows three bands on
preperative layer chromatography.

By preparative layer chromatography, teak quinone-~A was
collected from Eal!&')B soluble and Na.2003 soluble material. Teak
quinone~B was collected from Na,gGOB soluble, HaZCOB soluble and
ﬁaOH soluble fractions.

Four mg teak quinone~-A (16 mg/100 g dry tissue) wes

crystallised out from benzens,

2. Isolation of teak quincns-A by chromatosraphy

As deseribed in (II), teak callus was collected and
dried (15 g). The powdered tissue was soxhleted successively with
pet.ether and acetone. The acetone extract was concentrated and
adsorbed on a silica gel, which was loaded on a eoclumn (100 om x
2.5 cm) packed with 90-100 g of column grade sillca gels

The column was eluted successively with bengene, benvene
with different percentages of acetone and lastly with acetone.
25 cc% of elunte were collected, teak quinone-A was eluted -
ty benmene contalning 5% acetone. This was further purified by
prepavative layer chreomatography and crystallised from bensene.
Pive mz. teak auinong-A (30 mg/ 100 z dry tissue) wes
crysiallised cut by this method. Further isolatlon of the quinone
was obtained by this method.



I1I. HMethylation of tezk guinone-A

Teak quinone~A (0.050 g) was dissolved in dry acetone
and to this 1 '3 HpCOg and 0.2 nl DMS were added. The reaction
nixture was refluxed- for 12-14 hrs, After removing acetone by
evaporation, distilled water (100 cc) was added to the reaction
flask, The separated compound was extracted wlth chloroform,
dried over scilum sulphate, filtered and concentrated to dryness.

This was crystallised from methanol a&s pale ysllow needles
(0.0% g).

IV. Denmethylation of the methyl ether of teak quinone-A

The methyl ether of teak quinonse-A {0.03 g) was dissolved
in 1 nl of methylik?:ﬁloride and treated with 1 ml of 37% HBr in
Hie at voon tempsrature for 24 hrs. This was diluted with water
and the compound which separated was collected by flltration.

The compound was crystallised from bengene (0.82 g) as twown

needles.

V. Demethylation of iteak quinone-i
Teak quinone-A was treated (0.005 g) with 0.025 ml of 37%
HBr in Hic in methyl chloride. The compound wes crystaliised from

methanol in daxk brown needles,

VI. Trimethyl 8ilv] ether of teak quinone=-A

" Teak gquinone-A (L0 mg) was treated with 1.6 ml of
Bls(trimethyl silyl) acetamide at room temperature for 2-3 hrs.
The excess of the reagent was removed under reduced pressure. The

dry compound was used for MR studles,



VIii. Isolation of compound 21

After passing through silleca geol colunn and isolating
teak qulnone-A, the other fractions of the column were monitoxed
on thin layer chrematography.

The fractions showing teak quinone-A and ccmpmm;‘i B
‘together (1) and compound B and compound C together (2) were
farther monitored on sllica gol by prepavative layer chromatogra;;ﬁhy
using hexane containing 20% ethyl acetate. Teak quinone-A,
compourd B and a slow moving compound F were isolated from (1)
and compound B, compound C and another compound slower than
compound G were isclated from (2).

Compound B (% mg) was further purified bty rumning a

TFLC with benzene-othyl acetate (9515) where 1t separated into
thres bands of very e;lose Rf. The second band B2 belng similax
to compound C was mixed with it and kept aslde as the total
weight of cempound was very little. The first band By bLeing
major was further purified by running it repeatedly into 100%
benzene, where a slow moving minor band was separated.

The compound By (2 mg), belng very 1ittle and not
eaally soluble in CHC].B wag subjected to mass spectrum and

colour reactlion and its structurs determined.
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E5CTION 2

Txtraction of Teak ool

(1) Teak wood powder (2.5 kg) obtained from the local market
was extracted with 2 %o 2,5 1, of acotone. The acetone exiract
was concentrated and a TILC run along with teak quinone-A from
the callus. The wood extract showed the presence of a compound
sinilar to teak gulnone-A.

The acetone extract was adsorbed on spent wood pow@er
and soxhleted successively with hexane and benzenms. The ben,ene
extract shoewed the presence of e compownd having similar colour
and TLC behaviour to teak quinone-A. This was called TWE-4,

The benzene exiract was dissolved in 100-200 ml.
bensene, sxtracted with &% KieHCO3 and then with 5% HaCH solution
t11l a colourless extract was cbtained, Both NalCOg and NaOH
extracts were acldified and extracted with ethyl acetate. The
ethyl acetate extract of NelC05 soluble {a) and of HaOH soluble {b)
fractions were dried over NasS0y, filtered and concentrateds
(b) showed the presence of THE-A, which was isolated by silica
gel column chromatography using hexane,; benzene, benzene
containing acetons, and acstione.

THE=A was eluted with benzene containing 2.5% acetone.
This was purifled by PIC using bonsene containing 5% acetene
as solvent system. 'IWE~-4 was crystalllsed from methanol as

dark coleoured nsedles,.
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(2) Preperation of ethyl chlorcformate of THE-A

To TWE~A (15 mg) in cold chloroform, ethyl chloroformate
(0.2 ml1) and pyridine (1 drop) were added. The reaction mixture
was kept at 10-15° for 12-16 hrs, The reaction mixiure was
pourad on 'ice and the s0lid which serarated was exiracted with
chloroform, dried over NapBOp, filtered, concentrated and
separated on PLC into two major bands, one greenish black and
ons yellow, using benzene as solvent system. The yellow band
was collected, eluted with acetone, flltered and concentrated
to drynese, The 10 mg of ethyl chloroformate of TWE-A were
hydrelysed with &N NaGH and a yellow precipitate after scidi-
fleation was obtained which was collected by filtration,

crystallised from bengene and seont for mess epechtra and IR.



SECTION 3

Synthesis of 1,2,54trimethoxy-3=nethylanthraguinone

Route 1. Freparation of benzoyl benzolc acid. (Chart 1)

(1) 3~Chiorephthalic anhydride (6 g) and cresol methyl ether
(4 g) were treated with anhydrous aluminum chleride (10 g)

in TCE (100 ml) at 100° and the reaction mass siirrea at 110120°
for 6 hrs. The reaction mixture on cooling was poured on 2N HC1
in ice. The solvent TCE was removed by steam distillatlion and
ihe solid which ssparated on ccoling was collected by filiration,

washed and erysiallised from ethanol (7 g).

(2) Cyclization of benzoyl benzoic acid
Cyclisation of benzoyl benzoic acld was carried out by

(2) NaCl + A1C15 and (v) HzS0y + Boric acld mixture.

(2) To (10 g) A1C13 + (2 g) NaCl melt, at 120-130° (1 g)
of benzoyl benzolc acld was added. The temperature of the reaction
mixture was ralsed to 180° and kept for 10 min. with stirring.

The reaction mixture was allowed to cool to 120° and then poured
over ice cold 2N HC1 (100 cc). This was kept on a water bath
- for digestion and the separated solid was filtered, washed with
sodium bleartonate and water and dried. The separated product
was dirty grean in colour (250 nmg).

(b) Benzoyl bonzole acid (1.5 g) was treated with 30 ml
of H280), and 1.5 g. of boric acid for 2 hours at 140°, The

raaction mixtéxe wes poured over lce, and the separated solid was
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collected by Siltretion. The preduct was washed wlth blearbonate
solution to remove keto acld and sulphuric acid and then with
water, dried and weighed (0,775 g).

The preductﬁ%iggwas crystallised from acetic acld after
treatment with norit. The pele yellow coloured crys%als {03 g)
showed 2 singls spot on TLC, and were soluble in sodium carbonate

and had a ReDe 2200-

(3) bromination of 2-hydroxy=3-methyl=Sechlorc-anthroguinone

Compound (ZXXT) (0.3 g) was stirred in & 50 al RB flask
containing 15 nl of acetlic s0id and 0.5 g of anhydrous sodlum
scetate at 100° To this 2 clear tromine solution (1.1 mol)

(1 ml bremine diluted with 9 ml acetlc scid) was added dropwise
and stirced for 3 hrs. Ths product which separated (XXXII) on
cocling wags filtered, washed, drisd and crystallised from acetic

aeld (200 mg). The pale yellow arystals had a m.p. 223°,

—

XXX
(4) Vethylation of Sample I, 1.6, i-lromo, 5/8 chlore,
2-hydroxy-3-nethylanthraquinone

Compourd (XXXIT) (6.8 &) was vefluxed with i nl of DES
ard 5 g of Kz003 in dry scetene. After rofluxing for 12-16 hrs
acetone was evaporated off and water was added to the rezction
flask, The separated treduct was collected by filtration, washed
with water end dried. The compound [XXXIII) arystalliszed from
methanol (0.5 g) hed & u.p. 190-191°,
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(5) Methoxylation of i-bromo, 5/8 chlore, 2-hydroxy
3-methylanthraquinone

Sodiun (1.5 g) was dissolved in 100-125 ml of dxy

rmethancl, To this freshly prepared methoxide, 600 mg of (M}
and 0.5 g of anhydrous sllver nitrate were added and refluxed
for 55 hrs. As the reactlon progressed some solld separated
out. There was no fprmat‘itm of (XXXIV) and the solid was
collected by filtration.

Tn a second set silver nitrate was not added and the
reaction carried out as in the first set. Here also the
ingolutie nateria] separated out, which wes collected by
filtration. The filtrate on TLC plate showed tha presence
of two compounds, one corresponding te the sclid which was
geparated and the other corresponding to the methyl ether of

teak quinone=A,

The flltrate was diluted with water after removing
methanol and extracted with chleroform. The chloroform extract
was dried over NasSOy, filiered, ccncenitrated and epotted on FLC.
The g PLC was developed with beusens somiaining 5% ethyl acetate.
The four hands which were separated oa FLC were collected and
eluted with acetone. The compound simllar in Rf te the methyl
ether of teak quinone~A was abtout 1-2 mg and was used for mass
spectral data.

The solid which separated out was welighed (0.4 g) and
analysed. This &id not give a halogen test and had a m.p.231-34°C,

(b) Methoxylation by potassium methoxide also gave a poor
yield of the desired product.
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(6) Preparation of 1,3-dimethoxyenthraquinone

1,5-Dichloroanthraquinone (1 g) was refluxed with 10 ml
of phenol and 1 g of anhydvous Kgﬁﬁg for 6 hrs. This was diluted
with ethencl and poured over 107 HalH solution. 1,5-Diphenoxy
anthragquinone (1 ) having a m.p. 213-215°¢ was dissolved in
100 nl dry methanol and vefluxed with 5 g of KOH and 5 wl of
pyridine for 60 hrs. The separated product was erystallised
from methanol as pals yellow needles having a m.p. 2360(3, which
waa identical to 1,5~dimathowanthraquipcne.

(7) Phenoxylation of lebrome,3-chloro-2-methoxy=3=-nethyl-
anthraquinone

Compound (XXXIII) (0.8 g) was taken with 0.8 g Kp(0g

and & nl of phenol and rafluxed for 6 hrs in a 100 ml RB flask,
This was diluted with ethanol and poured over 2N NaOH solution,
ti11 it was alkaline. The product 4id not separate out. The

solution was extractec’!: with chloroform and the extract spotted
on TLC, This showed many spots and a black material which did

not move on TIC,

(8) Freparation of 1,2.3,4~tetramethoxyanthraquinons
1,3-Dihydroxyanthraguinone was hrominated with Br in
acetlic acld contalning fused Hsezcetate., The preduct obialned
1,3-dthydroxy 2,4~dilvensanthragquinons(m.p. 224-226°C) was
methylated with UHS and then subjscted o phenoxylation as
deseribed in (7).. |
The reaction product when worked out showed & spots

on TLC with trailing, and had black appearance,
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(9) Prepexetion of 1,5~-dichloro,2~hydroxy-I-methylanthraguinone

2%,
13
A

Compound (XXXI) (100 mg) was dissclved in 30 ml of dry
benzene. To this 0,03 nl of sulphuryl chloride was added and
refluxed for 4 hre. On TLC plates it showed two spots with
benzene as solveat system. To the resction mixture 0.015 ml of
sulphuryl chloride was again added, refluxed for & hre. and then
bengene was dlstilled off. The produet was crystallised from
nethanol and mase spectra taken,

The molecular welght of the product was 272 which is

similar to (XXXI).

Route 2:
(1)  Preparation of 3-methyl alizarin ( chwb-2)

At 180°C o clsar melt of anhydrous £1C13 (100 g) and NaCl
(20 g) was made and the temperature was bought down io 120-130°C.
At this temperature, a honogensous nelt of phthalie anhydride
(XxXVI) (9 g) ard 3-methyl catechol momomethyl ether (XXXVII) (7 &)
was added in lots with stivring. The tenperature was raised to
180°C and maintained for half an hour. The reaction mixture was
allowed to conl down to 120° and then poured into 24 HC1 in ice
(1.5 @.). This was dlgested on a steanm Tath for half an hour,
flltered, washed and dried. The crude preduct on oxalated sillca
gel plates using benzene as the solvent system showed a yellow spot.

The compound was extracted with hot benzens 3 to 4 +imes. The
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hot benzens solutlon was treated with norit, filtered and concentrated
to 50 ml. The (3 g) of benzene soluble material gave 1 g pure
erystalline product which had a m.p. 245°C (3-methyl alizarin, mep.
zscfzgz%\‘(mvnx)q

II. Preparation of 3-methyl, 1,Z2,5-trihydroxyanthraguinoae

3-Mothyl alizarin (1 g) was treated with 6 ml of 100% olsum
at roo;n temperature in a 50 ml stoppered RB flask for 14-18 hrs,
The reactlon mixture was diluted with 50 nl of concentrated HaS0y
and poured on 250 p crushed Iee. The sulfuric ester which
separated was filtered and the wet cnke dlssolved in 10% aquecus
NaOH selution. The vlelet solutlion was acldified carefully with
concentrated HpS0),, avoiding an excess of the acld, On beiling
for 15 minutes, the precipitate was {iltered and washed well,
| The dry precipitate (0.750 g) chowed two spots, on oxalated silica
gel plates using benzene as solveni. One corresponded to 3-methyl
alizarin. The erude compound (0.750 g) was disselved in DMF and
absorbed on eoclumn grade slllca gel. 4 dark viclet band was 2lubed
from the column upon elution with benzene. The eluate was concen-
trated to 1-2 ml and 5 ml of methanol were added o it, The
conpound crystallised out when allowed to stand overnight. The
crystalline product (180 mg) was 1,2,5-trihydroxy=3-methyl-
anthraquinone JXXXIX), while the mother liquor contained mostly

3-methyl alizerin. The erystals were hright red microplates having

a Mmep. 220°C, Theory Found
¢ 66.7% 67.2%

H 3.7% b .5%,
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ITI. Methylation of 1,2,5-trihydroxy,3-methylenthraquincne
1,2, 5-Trihydroxy-3-nethylanthraguinone (0,3 g) was refluxed

with DMS, acetone and dry KpCOg for 6-8 hre. After working up the
reaction mixture, the crude product wes dissolved in CHCl3

and passed through o grade I neutral alumina column. The eluate
was concentrated and spotted on PLC, which was developed with a
mixture of benzene-acetone (911) and out of the three bands the
rajor btand was collsclted, extracted with acetone and afterwards
evaporated to dryness. The compound was crystallised from methanol
as yellow needles (180 mg) and hed a m.p. 130-137°C,

Theory Found
C  69.2% 69.0%
H 5.1% 5.3%

The IR specirum of the synthetic compound is superimposable
with that of the dimethyl ether of the compound iscolated from
teak callusg culture,

The fast moving band from the PLC gave yellow needles
nelting at 131-1320C which was near the melting point of

3-methyl alizarin dimethyl ether (m.p. 127°C).
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SECTION &
DISCUSSION

1« Structure of teak quinone~-A

In the present work, the isolation of the plgments from
teak callus tlesues and characterisationes of these compounds
has been disecussed.

The tissues were lyophilised and extracted with acetone.
The acetone extract on thin layer chromatographic plates (silica
gel; benzene-acetone) showed the presence of four plgménts
Moo P
dosignated as teak quinon&;é,v B, C and %Kmvey very fast
on TLC plates (Fig. 8),

Ini¢lally functlonal separation of the total acetone
extract was tried but was unsuccessful. Thus when the %otal
extract was shaken successively with agueous saturated RaHCOB,
10% aquecus NapC0Oq and 5% aqueous NaOH, there was no clear cut
separation of these compounds., All the pigments were scluble
in agueous NapC03.

The total extract was subnitted to silica gel column
chromatography using benzene and benzene-acetone for development
and elution of the fractions: Acetone was used in increasing
percentage In bengene and a number of fractions were collescted.
All the fracilons were monitored on TLC plates and similer
fractions were pooled and worked up in the usual manner. The
Pirst few fractions contained the major compound (teak quinone—A).

It was crystallised from bengene as yellow nesdles, m.p. 237°C,
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I1 was iusoluble in aqueous sodium biearbonate, but dlesolved in
5% agueous sodium carbonate. It was readily reduced by alkaline
scdium dithionite and was regeonerated by aly oxldatlon, indlcating
its quinonold character. The electronic specixum of the plgment
in alkaline sodium dtthionite showed that 4t is an anthraguinone
derivative, and its solublility in agueous sodium carbonate
indicated that it has a hydroxyl gfoup in B ~pesition. The mass
spectrum showed the molecular ion peak at m/e 28k, shifted by
in situ deuteration to m/e 286, showing the presence of two
hydroxyl groups., The IR spectrum (KBr pellet) showed the
presence of & hydroxyl group (3350 an~1), 2 non-bonded carbonyl
(1675 em~1) and a bonded carbonyl (1635 en~l). The UV epectrum
in ethanol showed maxima at 253, 276 and 415 nm. '

Its NMB spectrum (pyridine, chemical shifts on P -secale)
showed the presence of one methoxyl group (6.1) and a methyl
group (7.6) in a ;3 ~positlion of an anthraguinone molecule, On
methylation with methyl sulphate and potassium carbomate in
boiling acetone, it gave a dimethyl ether (M} 312) indicating
the presence of two hydroxyl groups. e 3R spectrum in CDCL

3
(Fig. 9) of the dimethyl ether shows the presence of a f-methyl

group at 7.6 and throe methoxyl groups at 5.95-6.05. In the
aromatic region 1t shows a2 single~-proton quartet at 2.75, a
‘single-proton triplet at 2.33 and a single-proton quartst at 2.15;
the pattern is cheracteristic of the aromatlc protons of
1,8-dimethoxyanthragquinone, In addition to these three aromatic

protons, the spesctrum shows a single-~proton singlet at 2.1



(overlapping with the quartet at 2.15) indicating that one of the
benzene rings of the anthraquinone molecule 1s substituted in the
1,2,3-positions, The occurrence of the singlet at 2.1 about

0.4 prm downfield comparsd with the 4-proton in i-methoxy=3-
methylanthraquinone can be explained by the overcrowding of the
ad jacent groups which may result in pushing ?ff: ~pethoxyl group

out of the molecular plane.

The trimethylsilyl ether of teak quinone & has been
prepared by disszolving it in excess of hﬂ,.g—-(trimethylsilyl)-
acetamide and then distilling the excess of the reagent. The
NMR spectrum of the silyl dexivative in CCl, showed iwo,
three proton singlets at 7.7 and 6.2 representing the }"o’ur-’fa and
QOlle groups respectively. In the arcmaiic reglon it shows the
presence of 4 arcmatic protonaz a quartet at 2.93, a triplet
at 2,47 and another guartet at2.17 all consi:!.tﬂt.ing ABC spsctrum
indicating that one of the bengene rings of the anthraqulnone
moiety is substituted at i-position by an OH or OMe group.
Besides these three protons a singlet at 2.13 suggests that the

other bongene ring is substituted at 1,2,3-pesitions.

The substitution in one benzene ring in the dimethyl
ether can therefore be 1,2-dimethoxy=3-methyl or 1,3-dimethoxy-
2-methyl, the former 1s to be preferred bvecause the méthyl
sandwiched between two Olie groups will appear at 0.2 to 0.3 ppm
upfield compared to a normal B-methyl group. Ffurther proof of

the former orientatlon of groups in one ring wes obtained by

15
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treatment of the parent plgment wlth hyﬁrobu:cmi;:z acld in glaclal
acetlic acldy the product was a trlhydxow—methylénﬁhzaquimne
which gave a colowr reaction cheracteristic of alizarin (violet
with aqueous sodium hydroxide)., Based on the spectral and
chemical evidence, teak tissue quinone-A can have siructure {XL)
er JXLI).

Structure )'XLI) was suggesied earller for obtusifolln,
a compound isolated from Cassia obtusifolia (Takido 1960)

and its dimethyl ether was synthesised by an unambiguous route
by Patwardhan (1951). The dimethyl ether of the teak tisaue
quinone was not identical with the dimethyl ether of (XLI)
(TLC behaviour, m«p., IR). The dimethyl ether of the new quinone,
on trestment with hydrobromlic acld in acetic acid at room
temperature, which preferentlally demethylates 53( -mathoxyi groups
in anthraguinone, gave a dihydroxy compound whose IR specirum
shows only one absorption at 1635 em~l for both the carbonyls
indicating that the hydroxyls are in the 1,5-position. Further,
its NMR spectrun (CDCl3) shows the slgnals corresponding to the
bonded OH groups at =-2.83 and -2.63, which can be assigned to
the hydroxyls in the 1= and 5-positions respectively. Hydroxyls
in the 1,8-positions may be expected to appear in the rogipn
avound =2.0.

The mass spectrum of teak quinone-A (Fig.10) showed a
strong peak at m/e 284 (base peak) corresponding to the molecular
ion. There were relatively few peaks in the speetrum. The

molecular fon loses 18 mass units glving an intense peak at
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CHART-3
MASS SPECTRAL FRAGMENTATION OF TEAK QUINONE-A

M/e 239 (10:4%) < oc— m/p 267 (173 %)

~17(~O0H)
OCH3
m/e 255 (11'7 %) <——— O‘O —————a» m/e 266(68-98 %)
OH O m*t2s4 -60 l—zs
~co|-28 m/e 238(46:5%)

m/e 256 (3 %)

m/e 213 (55%) <22 m/e 241(24%)

CHART-4
MASS SPECTRAL FRAGMENTATION OF DIMETHYL ETHER OF TEAK QUINONE-A

M/e 269(6%)<— 20— m/e 281(157%) — 20> m/e 25| (6%)
OCH4
OCH4
~CH,0 .
—_Mm/e 283(10%) «——— O‘O —o > M/e 282(5%)
-29\[—CHO H CO '—CH3 - 15
m* 312
m/e 254 (3 %) m/e 267 (5 %)
~>m/e 253 (5 %)
15 -28 \-CO

myse 297 (26-2 %) M/e 284 (2 %)
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nfe 266. 1t shows a8 the other hydroxy and methoxy enthyaquinons
compounds loss of carhonyl, mothyl and hydroxyl gréups {Chaxt T51).
In the mass spectrum of dimethyl ather of teak quinone A (Ghart E§§ ot
also the base peak corresponds to a molecular ilon. The peak
corresponding to M-1% at m/e 257 is relatively of low intensity
compared with the 1,8-dimethoxyanthraquinone supporting that the
methyl groups must be in 1,5-positlons.

Teak quinone-A, therefore, has the siructure (XL).
¥hen this work was completed there was no record of the ocourrence
of an anthraguinone derivative in & 4issue cultures but ln recent
papers isclation of 3Jemethylpurpurin-i-methyl ether, an isomer of
JXL) from the tissue culture of Digitalls lanate has been reported
(Furuya et al. 1971, ?972). Alizarin, morindons and damacanthal
have been 1lsolated by Leistnsr from the callus of MNorinda citrifolia
(Leistner 1973). None of the quinones so far isolated from teak

has the structure (XL).

HMR spectra of hydroxyanthraguinones

A number of hydroxyanthraguinones have heen isoélated
from varicus natural sources and in recent yesrs their structures -
have been olucidated malnly based on thelr spectral data. NMR
analysis of these compounds 1s very helpful in arriving at the
structures of these compounds although it may not be possible fo
arrive at the location of different substituents in the two benzene
rings of the anthraguinone molecule with certainty. Thus it is
difficult from the HFR data to differentlate the structure of
1,6~dihydroxyanthraquinone from 1,7~dihydroxyanthraguinone.
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Anthraguinone shows two sets of multiplets centered at
a3
1.8 and 2.2, corresponding to the ‘ig(( and ﬁprotons rospectively.

In general an OH group shifts the ortho and para protons by

0.5-0.,5 prm upfield while a Me group shifts by 0.3 ppn. The
rule of additivity is very much valid in these compounds,.

Hothoxyl group shifts the ortho and para poslitions simllar to

hydroxyl substituents. Thus in l-hydroxy anthraquinone the
2-protons appear around 2.8, an upfleld of 0.6 ppme In 1,3~
d¢hydroxyanthraquincne the 2-H is seen at 3.3, while the b4-H

is at 2.8, both have moved to highey fleld by 1 ppm compared to
the values in unsubstltuted anthmq,uﬁnone. However, the xule
of additivity is not valid in f‘;’ne case of 1,2,3~trinethoxy-
anthraguinone and 1,2-dimethoxy-3-nethylanthraguinone, because
the 4-H 1s always seen at a lower field than expected. Thus

in teak quinone-A, the 4-H is scen at 2.1 and not at 2.5 to 2.6
which 1s normally expected 4f the rule of additivity 1s walid,
This t;an be explained by overcrowding of the substituents
resulting in pushlng the 1-0Me group out of the molecular plane.
However, if this 1s partlally demethylated, the ®~OH group will
be bondad with the zdjacent (=0 group and will come in plane
with the rest of the molecule and the 4-H appears as usually
expected.,

No proper attembt has been made An ahélyaing the OH
groups in hydroxyanthraquincones in thelir NMR spectra. These
compounds are normally insoluble in C:Bﬂl:;, but they go . -
freely in msé. The OH groups at o ~protons are seen as sherp



Chernlcal shift of the bonded hydroxyls in
some of the hydroxyl derlvatives of anthraguinone

Table = 35

A

methyl ag.

No. Compound Solvent Chemical Possible
shift plicity protoms aeslgnment
1 i-Bydroxyanthra- nuso A chelated OH
quinone
2 2-hydroxyanthra- " ~1.15 $-0H
guinone
3 1,3~-Dihydroxyaq. “ ~2,9 chelated OH
4, 1,4-Dihydvoxyag. AsCly ~2.58 "
1,8-Dihydroxyaq. CDC14 ~1.84 "
7 1-Hydroxy,2-hydroxy
methyl,-methoxyaq. CDCly ~2.70 "
8 1i-Hydroxy,3-methyl © 2,60 "
aqg.
9 1,8-Dihydvoxy,3- DMSO  -2.80 "
mathyl ag.
10 i,2-Dihydroxy, “ «3,3 o
u-mathyl ad .
11 1,5/ hydroxy,
3"13&'“1)’1 al e U-DGJ.B «1.90 "
~1,80
12 1,5-Dihydroxy-
2arothoxy 3= DHSO -2,83 "




signals because of thelr bonding with the C=0 groups, but the
£ -OH groups many times appear as twoad signals and also difficult
to assign if there are more than one such substituents, In
i~hydroxyanthraquinone, the OH groups ls seen at -~2.9, and the
variation 1s not much with different substituents (see Table 35).
However, if there are two hydvoxyls, both at . ~positions in the
same ring or different rings, the situatlon is altogether different
and one can easily find oubt she location of the hydrouyls. If the
OH grours are at 1,M-positions as in quinigarin and purpurin

they are seen avound ~3.2 to «3,5, Bui if the two hydroxyls are
in the different rings of the antlwaguinone molety then two
isomeric structures can be written, 1l.0. 1,5~ or {,8-substituted
derivatives and the chemical shifis of thelr OH groups ave a
diagnostic feature in differentiating these iscmers. Thus in
1,5-dihydroxyanthraguinone, the OH groups are strongly bonded
with the C=0 groups and appear around -2.7 tc ~3.3. However,

1f they are located at 1,8-positions, then both are bonded with
the same (=0 group and are seen at -1.8 to ~2.1. A few such
exanples have been quoted in Teble 35, Teak quincne-a is
partially demethyleted wish I'IBr~CH3€00}I, the HHR spootrum of

the resuliant 1,5-dihydroxy-2-methoxy-I=-nethylanthraquinone

shows the bonded OH groups at -2.63 and ~2.83. This supports the
orientation of the oxygenatlon pattern in teak gulnons-A at

1,5- and not at 1,8- position,
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(2) Teak quinone Bi

An described in the experinents, compound By was isolated
and purified by repeated clvomatogrephy. The quantify of conpound
B4 being very little (less than 2 mg) it was subjected to mass
speetra only. It shows a molecular ion peak at 268, A sirong

reak is shown at M=15 indicatling the presence of one methoxyl group.

The compownd gave positive vat test indlcating its
quinonold nature, The absence of ferric colour, shows that
there are noi(bydrowl groups. Its solubility in NapCO3 indicates
the presence of a ﬁ ~hydroxyl group. From the molscular weight it
can bhe assumed thet the present compound is elther dlzitolutein
(1—0(1!{3. Z-Oé. 3-CH3 anthragulnone)or 3e-methylalizerin-Z-methyl
ether, 1,5 or 1,2-dimethoxyanthraquinone, all beling very near to
tezk quinone~4. The last three possibllities were ruled out
as [3 -0 is indicated by solubllity in ag. NepCO3. Also on
depethylation with HBr in HAc, the compound gives g dark violet
colour with NaOH solutlén showlng the presence of two adjacent
OH groups. Its melting point (215-218%) being nearer to digitoclutein
(224-228°) the compound was found to be dlgitolutein, which for the
first {;imefbeing reported in teak§ XTT1)

(3) Premence of 1,2,%-trihydroxy-3-methylanthraguinone
in teak tissue culture

Total acetone exiract of teak tissue indicated a violst
band near the htase line when chromatographed on silica gel plates.
A pure sample of 1,2,5-trihydroxy-3~methylanthraquinone was spotted

)

w?



along with the t;atal teak tilssus extract. RE: values of toth the
1,2.5-trihy&reiy-%methylanthraqumone and the violet hand were
sinilar in bonzene-acetone (95:5) and bhenzene~-ethyl acetate($515)
syatere, The iotal mizture and 1,2,5-irihydroxy-J-~nethyl were
spotted on oxalated silleca gel plates, and it was noted that the
total mnixture contalned s compound similer to 1,2,5-trihydroxy~3=-
methyl authraquinone, From this it ¢an bs concluded that the

teak +issuss contain the latter compound.

4. Chemical examination of teak wood

The presencs of teak guinone-A in the teak iissuve culture
required reinvestigetion of teak um.)d 1o ascertaln its presence or
absence of the same. Sandermamn and Simaltupang (1966) heve reported
7 anthraquinones from teak wood. Nonc of the reported compounds is
identical to teak guinone-a (‘i%i?fg,?). 6

From the acetone extrzot of teak wood a compound having
similar Rf 1o that of tenk guinone-A wos obtained, This compound
(TWE-A) was isclated and rurified by column chromatography and
PLC (Bengzene-acetone, 95¢ 5)° THE=-A was crystallised from methanol
a8 derk yellow crystals., TWE=A gave o pesitive vat test indicating
its quinoid nature. Further purification of this compound was

done by prepariné; an ethylchloroformate derivative.

The HER srectzum of the above derivaiive was iaken in
CD013. It indicates a B-nethyl at 7.5 and a methoxyl at 5.95 amd

a singlet at 1.9 Intensitybf methyl was double that of nmethoxy



indicating that this compound is probably & mixture of two
compounds, When spotted on an oxalated plate and run with benzene
contalning 5% acetone, it showed the presence of two compounds,
From this data the fellowing two structures can be suggested for
these compounds. Teak quinone By (X171) was alsc isolated from

eallus cultures,

(5) Synthesis of 1,2,5-trimethoxy=3-methylanthraquinone

The synthesis of teak qulnone-4A trimethyl ethgr has boen
undextaken to confirm its structure, (chast 1 #- 2)

In tl';e flrst Instance an attenpt has been made to eynthssise
this compound by the condensation of 3-chlorophthalic anhydride
with o-cresol methyl ether and subsequent twomination and
- conversion of the two halo groups to methoxyls as indicated
in chart 3.

J-Chlorophthalic anhydride was preparesd by bhubbling
chlorine gas through a melt of 3-nitrophthalic anhydride at 240°,
Condensation of o~crescl methyl ether with 3-chlorophthanc'
anhydride resulted in a mixture of +two henzoyl bengole aecids,
one being major, and were cyelised with sulphuric acid-boric acid
to yleld the corresponding anthraguinone derivatives XXXI).
Howsver, when the erude nixture was crystallised, the majox
conpound separated and was homogeneous on TLU. The prcduct
is soluble in aqueous sodlunm hydroxide solution indicating
that it is a -hydroxyanthraguinone derivative and may have

formed by demsthylation during the cyclisation process.
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t can be wopressnted elther as 2-hydroxy«3-methyl=S=-chloro-
anthraguinens (XXXIa) or 2-hydroxy-3=-methyl-8-chlorcanthraguinone
(3XXTb). This on brominatlon geve the corresponding i-hwonmo
derivative {XXXIT). The product was methylated with dimethyl-
sulrhate and K2004 in bolling acetone to give i-bromo-Zemethoxy-
3-methyl=5 or & chlorcanthraquinone (XXXIII). The NMBE spectrum
shows two singlets of 3 protons each at 6.09 and 7.75 corresponding

to OMe and a . -mothyl group of the anthraquinone moiety.

Compound JAXXIII) was then treated with sodium methoxide
in absolute methanol In presence of silver nitrste. The resction
product was found to be a mixture of compounde and did not
contein any spot corresponding to the Bf valne of teak guincne-A
or obbtusifolin dimethyl ether. On purification by column
chromatography, small quantity of 2 pure product was isolated
ard was characterised as 2,S-ﬂimethoxngémethylantbraquiﬂone L
formed by the debromimation of (XNXIII} during the reaction.
However, 1f the conversion of the halo groups to methoxyl wes
carried out in the absoence of silver nlirate, the reaction
mixtuwre showed the presence of & minor compound corresponding
to the Rf value of 4eak quinone-A. The compound was too amall
in quantity that no further attempt could be made to obtaln
the product by this route.

It is known that chlorine or bromine can be converted
with sodlum phenoxide to the corresronding phenoxy dexivative

more easily than directly to Ole groups. PFurther tho phenoxyl



groups can be exchanged with OMe groups by bolling with sodium
methoxide in abzsoclute methancl. When this sequence of reactions
were carried out on i,5~dichlorcanthraguinone, the resultant 1,5«
dimetha:qrantﬁraquinone was obtalined in reasonable yields, but

in the case of l-brcmo-Z-methoxy-3=-methyl 5 ¢t 8 chloroanthra-
quinone, the ssme sejuence of reactions resulied in intractable
mixture of oroduets.

Having falled by the usual sequence of reuctions indicated
ahove, the synthesis of teak guinons-A methyl ether has been
achigved unaublgucusly steriting from 1,Z-dihydroxy-3-nethyl~
anthraquinere . chaal 2.)

Atout 83 years ago Bobn (1891) trsated alizarin with a
high content of oleum and owbtalned a valuable dye which was
subsequently characterised as 1,2,5,8-tetrahydroxyanthraquinone.
Almost at ths same time and irdevendently Schmidt (1896) tang LCross
serxess the same reaction using 2% oleum. It was Cattersan {(891)
who examined the dye obtained from allgzarin sad found it to be
1,2,5;8~tetrahydroxyanthraquinone. Schaidt also found simulta-
neously & number of other methods of intreducing OH group into
the anthraquinone moiety. This caused scome nisunderstanding
about a clear definltion of the Hohn~bSehmldt reaction and is
rofeorred to the aection of a high percentage of oleum with
hydroxyanthraquinons with aj{least one hydroxyl at Z-position at
temperature between 25~30°. Although this methed of hydroxylation

is hasic and of technologlieal Importance in anthraguinons chemlstry,
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there are only secanty refersnces in the llterature about the
nature of this reaction. According to Gastermann (1891) the
conversion of allizayin to gquinslizarin goes ithrough 2 neutral
cyellc sulﬁhate witQA§$ intermediate. The lsolation Af this
eyclic gulphate glves no Indication of the reaction course.
The meschanisa of the reaction is algo diffieults to predict at
this stage. 1t ls alsc found that if the reactlon is carried
out fox a shoriter duratlion of tine ths product frem allgarin
will be 1,2,5-telihydroxyanthreguinone, From this it is clear
that alizafin goes to Quinalizarin through 1,2,5-trlhydroxy-
anthrequinone by further hydroxylation.

It wag thought that 1,2,5~hydroxy-3~pethylanihraguinone
can be prepaved Y Hohn-Schmidt's reactlon on 1,2-dihydrory~3-
methylanthraquinone (XXXVIII). This compound was synthesised
by the condensation of J-methyleatecholdimethyl (XXXVII) ether
with phthalic anhydride (XXXVI) by sluminium chlorlde-sodium
chloride melt. The compound (XXXVILI) was then dissolved in
80% oleum and left at 25-30° for 12-16 hr, and on working up,
1,2, 5-trihydroxy-3-nethylanthraquinone (XXXIX) was obtained
together with zome starting material, The product showed in
the IR specizum both the (=0 groups bonded to the hydroxyl
groups and hence the orientation of hydroxyliﬂggefixed. Gn
nmethylation it gave 1,2,5-trinethoxy~3-methyl (XXXIVa) anthra-
quinone identical with the dimethyl ether of teak quinone-a,
The IR spectra of tezk guinone-2 trimethyl ether and the synthstlc

product are superimposable (Fig. 19).
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EFFECT _OF VARIOUS FACTCRS ON THE PRODUCTION
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SECTION- 1

Effect of various factors on the production of
Teak quinone - A,

Experimental and Results

In Chapter III, the effect of various growth factors on the
groﬁh of teak eallus was described. This chapter deals with the effect
of some of these factors on plgment production, particularly of teak
quinone-A whose structure has been discussed in Chapter IV. The
tigsue was grown as described in Chapter I on different media
containing the growth substances, and haryested afier 35-45 days.
Estinates were made as described in Chapter IV and the preducts,
chiéfly teak quinone A, isolated by PLC using benzene, acetone (95:15).
For quantitztive determination, comparisons of the u.v. absorption at
276 or 410 nm were made against known amounts%f erystalline teak
quinone A, The effect of a partlcoular growth factor on the
production of pigment was compared with controls in each set of
experiments., Changes in the compesition of the media with respeet

to the different test substances are referred to in the respective

o P , (;I‘
Tabl?s. Ciuem&togz‘aphié pattézn is compared wii;h that of Fig.éa (spot 1).
5;}-3'523

(a) Effect of age of tissue

Callus tissue for these studles was obtained by growing
the tissue on the standard medium containing 10 ppm gibberellic zcid
arnd 3:2 prm glycine instead of 2 pom sinece the earlier isolsation of
teak quinone A was carrled out from tissue )@own on this mediunm.

Pigment (Teak quinone A) concentration was determined in the tissue
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over a pericd of 0«70 days at 5 to 10 day intervals. The amount of
pigment in the tissue during the fivst 30 days increases gradually
(Fig. 12) and later shows a sharp rise, reaching its meximum on the
L5th day. This correspords to the end of the logarithmic phase of
growth. After this period the plgment concentration gradually drops
t111 the 70th day.

(b) Effect of gibberellle acid (GA3)-

Teak tissue was grown either withi.or without gibberelllc
acld and the pignent estimated in the iissve after 35 days growih
(Table 36). Tissue grown with GAq contained three times more teak
quinone A than tissue grown in its abscence,

The influence of gibberellle acid when it was autoclaved or
sterilized by filtration is also shown in Table 36. When GAq was
filtered and added aseptically the concentration of teak quinone A
was doubled, but when auvtoclaved with the medium 1t was about seven
times higher than the control. This indicates that during autoclaving
the GA3 poésib]y breaks down to products which enhance pigment
production.

(c) Effect of different gibberellins

Since autoclaved GA3 wag found to have a mavked positive
effect on pilgment vroduction the different gibberellins were autoclaved
with the medium for testing their effect on pigmentation in teak
callus (Table 37). Pilgment production on tissues grown with GAh
was the maximun being 11 times more than the control, followesd by

GAg, GAg3, GA5, GAp and GAq vhere the levels were 4 to 5 times more.
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Tablg = :ﬁ

Effect of gibberellic acid (autoclaved and
aseptically added)

Medias Mineral salts - Murashige and Skoog's
Organic supplenments - HMurashlge and Skoog's |
Other supplements(ppm) TAA - 5; kinetin -~ 1 sucrose - 3%.

Ho. Supplements Teak gquinone A
per . wet tiseue

1 - 0.058

2 GA5 10 ppm (autoclaved) 0.256

3 » {aseptically) 0.098
Table = 37

Effect of various gibberellins on pigmont production
Hedias As in Teble 36 all gibberellins added at 10 ppm and eutoclaved

Ho. Suprlements Teak quinone &
ng/em of wet tissue

1 - 0.061
2 "1GAq 0,287
3 GAg 0.217
L GAy, 0.706
5 Ghg 0.2%
6 GAg ¢ 0.231
7 Gay, + GAy €.0%0
8 GAg . 0,089
9 GAgq | 0.263

]



It is surprising that o mixture of GAY4 and GAy did not increase
plgment formation,

‘ The number of plgments as determined by FLC also varied
with the different gibberellins., Tissues grown on GAy, Gﬁ.? or GAj3
showed a similar type of pattern similax to that of the controls with
a total of eight different bands. On GA3, GAy or GAg the tissue
extracts showed one extra violet coloured band situated above btand.D.
GhAy, Ghy/Gho and GAg grown callus were similar but had in addltion

R

one violet band above bard A (i.e. teak guinone A),

(4) Effect of carbohydrates

¥hile studying the effect of different carbohydrates on
growth (Table 14) it was observed that pizmentation differed with
respect to the carbon source supplied. Table 38 shows the effect of
suerose, glucoes, galactose and fructose on pigrent formation.
Maxinum pigment formation was observed with fructose followed by
sucrose and galactose, With glucose, plgment formation was negligible,
The bands observed om PLC with glucose, galactose and sucrose grown
eallus vere similar while in fructose grown callus band C was very
prominent, and a very dexk viclet astyreaking above the base 1line
wag also present. Although galoctose was the best carbon souree
for growth, tismsue grown on this carbon source contalined almost
the same amcunt of plgment per gram of $issue as sucrose grown tlssue,
The results suggest that the constituilon and metabolsim of these
different carbon sources by teak callus differs particularly with

reapect to plgment formation.
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Table -~ 38
Effect of various carhohydrate sources on pigrentation

Hedias Mineral sslts - Murashige and Skoog's

Organic supplements = Murashige and Skoog's

Other supplements(ppm IAA - 5; kinetin - 1; all the carbohydrates
vwere supplied at 3%

Nos Supplements Teak quinone
mg/g wet tissue -
1 Suerose 0.051
£ Glucoge 0.003
3 Galactose 0.046
L Fructoss 0.143
Table - 39

Bffect of various nltrogen sources on pigmentation

(Control contains macro salis as per Murashige &
Skoog's medium)
Medias )
Mineral salts - Murashigs and Skoog without nitrogen sources
Organic supplements - Mureshige and Skoog's
Other supplements (ppm)= IAA = 53 kinetin ~ 1; sucrose - 3%.
In experiments Z-5 inorgenic nitrogen soureces
were omitted and Ny sources added at 840 mg Ny/1.
medium and KCl was used for supplying K* ions
in experiments 3, 4 & 5. YE was added at 0.2%

Koo Suppleients Teak quinone A
: ng/e wet tissue

1 Control 0.059

2 KNOB 0.257

3 HHyNO3 0.055

L Allantoin 0.024

5 IE 0.579

Y
i
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(e) Effect of nitrogen sources

Figment concentration in tissue grown on different nitrogen
sources i1s indicated in Table 39. Highest pigmentation was observed
with yeast extract grown tissue followed by potassium nitrate,
ammonium nitrate and allantoin., Tissue grown on potassium nitrate
inparted a red colour tc the medium. The pi of this medium was
found to be ahout 6.5 and may have been responsible for this colour.
In the other cases the pH of the medium was unchanged,

(£) Effect of coconut milk and NAA

In all the previous experiments carried out to study pigment
production with regard to different nutritional factors both kinetin
and TAA wers used together, Table 40 indicates the effect of CM and
HAA on p?ument production.

The ecallus tissue gave fm}m times more teak gquinone A when
kinetin was replaced by coconut milk and gave almost half of it whenl
JAA was replaced by NAA,

(¢) Effect of growth retardant and GAs

The effect of the growth retardants on plgmentation was
studied in the presence and absence of gibberellic acid (1 ppm)
(Tabtle 41). A 40 fold increase in pigment formation with respect
to teak quinone~A was observed with ABA 0.1 ppm. When GA3 Wae
added together with ABA (0.1 ppm) the amount of pigment formed was
greatly reduced whereas when GAq was comblned with ABA (0.01 ppm)

plgment formation Aincreased.



Table = 40
Effect of CH and HAA

Mediat Mineral salis =~ Murashige and Skoog's

Crganic supplements - Murashige and Skoog's:

Other supplemsnts (ppm) IAA - 5; NAA - 2; kinetin - 1§ sucrose = 3%
G

o S WD A N B Mt B SO

Ho. Supplenments . Teak quinone A
me/z wot tissue

i Kinetin, 14A 0.015

2 GH’ m OO%O

3 Kinetin, NAA 0.007
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Teble = 44

Effect of growth retardants and GAq on plznentation

Medias Mineral salts - Murashige and Skoog's

Organic supplements - 'mrashige and Skoog's

Other supplements(pom) - IAA - 53 T8A = 135 ABA - 0,01 & 0.1;
AMO 1618 - 0.i1 CCC - 0.1; GAB - 13
sucrose - 3%,

The growth retardants were added aseptlcally to
mediunm while GA3 was avtoclaved with the nedium.

lo. Supplements Teak quinone A

ne/z wet tissue
1 - 0.015
2 GAq = 1 ppm 0.184
3 ABA - 0,01 pom 0.033
4 ABA « 0ol prm 0.052
5 ABA - 0,01 + GA3 1 prm 0.275
6 ABA - 0.1 ppm + GAg 1 ppm 0.135
7 A¥O 1618 = 0.1 pmm 0.038
8 ANO = + GAg 1 ppm 0,137
9 CCC - 0.1 ppm . 0.032

10 cce + GAB 1 prm 0.086

BTN G 0. e G o B R M St R e e o S B B, g, P D 70 - - . G G o A A S S B 7 o 401D S B9 i S




The pigment patiern as observed from PLC bands was
different with the different growth retardants. The control, GA3
(¢ ppn) and ABA (0.01 and 0.1) grown callus showed 8 bands. ANO 1618,
GA3 + ABA {.01 prm), GA3 + ABA (0.1 ppm) and CAq + AKO 1618) grown
callus gave in addition a viclet band between teak quinonefh
and bend B whereas CCC grown callus showed a violet band afier
band B whexes and above band C, which was not observed when GAj
was also added ta this medium,

" ABA (0,01 ppm), ANMO 1618 (0.1 ppm) and CCC (0.1 ppm) eave
two to two and halfl times increase in teak quinone-A. GA3 :feversed
‘the; effect of ABA on growth but pigmentation increased eight times
when GAq (1 ppm) and ABA (0.01 pom) were added together than with
ABA (0.01 ppm) alome. In the case of ABA (04F ppm) and Gaq (1 pm)
together, the teak quinone-A concentration was almost half that with
ABA (0.1 prm) 2lone. This shows that the synergic effect of GAg
and ABA for plgment production depends on thelr respective concen~
trations. In case of AMA 1618 and CCG, GAq Increased pigment concen-
tration three fold and two and half fold compared to ANMO 1618 and
CCC alone but it 4did not enhancs growth.,

(h) Effect of light

The effect of light on pilament formation was tested on
tissue grown on a CM contalining medium when kinetln was omitted
(Table 42), The tubes were illuminated with 1light from four
Tluorescent 40 watt dey light tube lights situated about 15. o



Table « 42

Medias Mineral salts « Murashlige and Skoog's
Organic supplsments - Murashige and 8koogls
Other supplements(ppm) =« TAA - 53 C¥ ~ 15%, Sucrose - 3%,

No. Conditions Teak quinone A
ng/g wet tissue

1 No light 0,050
z 16 hrs/day light 0.147
3 16 hrs/day 1ight (Ist subculturs) 0.159




from the tube for 16 hours. The tissues turned green within the
firvst 10-20 days but later they became dark bwown. Light grown
tigsue contained nearly double the amount of pigment. This
tendency to produce higher levels of pigment in light was not lost

sven after subeouliure,
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SEGTION 2

Biogenesis of teak quinona - A

Experimental end Resulits
Tigsue culture techniques are belng used for the study of

blogenesis of various plent products. Higuchi (1962), Fritig et 21.(1970),
Dougall (1965), Hosel, Shaw and Barz (1972), Austin and Brawn (1973),
Chen, Stohs and Staba (1969) have studied eynthesis and degraedation of
prinery and secondary metabolites of plants by using tracer technliguss
in conjunction with tissue cultuve.

To study the blosynthesle of teak quinone-A, two methods
for administering labelled compounds weve employsd (1) as in Higuchi's
(1962) work on blosynthesis of lignin in white pine callus and (2)
based on Fritig et al. {(1970) work on biosynthesis of coumerins in

. tobaceo callus culture.

Method I

In the previous section it was shown that plgment production
increases rapidly between 30 to 45 days, Hence the labelled precursors
were fed to 30 days old callus in its logarthmlc phase of growth.

In the first methed, tissues were starved for 24 h. by
imnersing them in salt solution (Murashige and Skoog's) at pH 5.0 to 6.
The callusiég transfexred to the radicactive solution of 2-14g
acetate (specific activity 1.829 n€fm mole)s The tissueswexo
harvested after 24 h, washed free of lavelled solution and dried.
The callusfe.e extracted as described in Chapter IV and teak quinone-A

was isolated by preparative layer chromatography. Teak quinome-A
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showed lncorporation of acetate but the percentage incorporation
was found to be low compared to that obtalined in the second method
(Table 43).

Hethod TT

In this methed 2-1%C Na-nestate having specific activity
of 4,665 m—C‘Jm mole was dissolved in water and made upto 1 ml with
acetate buffer at pH 6.0; 0.05 ml, of labelled solutlon was placed
over actively growlng callus on Murashige and Skoog's mediunm on its
30th day. The solution was allowed to metabolise for one day ard
then the tissues were harvested, washed, drled and extracted. A
higher percentege incorporastion of 2-.1‘*0 Ha~gcetate into Teak=
guincne~A was obtained by this method than by Methed I (Table 43).

ond Thomsen C163),
Thompson and Burnett Ahave shown that in short term tissue

fe-ding of labslled mewalonate to Rubla tinetorum plants, equilitration
was not reached and only the carboxyl group of pseudopurpurin get
labelled. For the blogenesis of alizarin and other compounds in

this plant they fed labelled mevalonate for fifteen days. Tesk

callus was fed by the second methed with 2-148 Na~acetate having a
specific activity 4,667 zP_C;'/m nole for fiftesn days. After that teak
quinone-A was isolated and purified as usual, Therpercentage incor-

poration was better than in one day feeding\experiments (Table 43;
Expt. 3).
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Incorporation of labelled mevalonate

4 known amount of a benzene solution of 2—1"'0 mevalonic acld
lactone was vacuun dried and then treated with a sclution of potassium

bicarbonate at 37° for one hour to convert it into the potassium salt,

Two experiments weve carrled oute In the fivst z-wc

mevalonate having a specific activity of 5.85 mf/m mole was fed
according to method II for one day. Teak quinone-~A was lsolated
and purlfied according to the standard method and percentage lncor-

poration of labelldd precursor was caleulated (Table 43; Expt. 4).

In a second experiment potasslum salt of mevalonic acid
having & specific activity of 5.85 m”c/m mole was fed for fifteen days
aceording to Method TII and the perceﬁtage inccrporation into teak
quinone~A was caleulated. It was observed that mevalonle zcld had a
higher percentage incorporaticn than acetate. It was also observed
that mevalonic acid fed for fifteen deys had a higher percenmbage
incorporation than one day fed calius (Table 43; Expt. 5).

¥hen acetate was fed for 15 days the bands above and below
of teak quinonefwera isolated by extraction with acetone and the radlc-
activily neasurad. As they showed & very low count after repeated
chromatography, it was assumed that there was no Ilmpurity :1}: teak
guinone-A, In éll the four experiments the counting for 1‘1-0 was done
on 2 liguid scintillation counter using Baver's solutlon. Teak
quinone-A was dissolved in a known quantity of methanel taken for
counting. The compound was purifisd €111 4t gave a nearly constant
specific activity (see table). ‘



SECTION 3

ISCUSSION

'The bilogynthetic potentlalities of plant tissue and organ
cultures have been reviewed by various“workers (Staba 1963
Krikorisn and Steward 19%69; Tomita 1971) and generally they differ
fron that of the intact plants. The isolation of teak quinone-4
fron teak callus cultures alse supporis this view, as this is the
first tine 1t has been found in nsture and is not similar to any

of the anthraquinones isolated from the teak tree (Thomson 1973a).

The effect of varlous factors like 1light, auxins, cytockininms,
carbohydrates stc. on secondary plant motabolites have been studied
by varlous workers. In the present chapter the effect of a few of
these factors on the production meinly of ¢eak guinons-A is
described. Only those factors were studied where either growth was
erhanced merkedly or pigmentation visibly incressed. In experiments
where the concentration of teak quinone~A wasi.i higher, the mumber
of spots in TLC plates was also found to bte more, indleating possibly
that a particular nutritionsl factor leads a greater influence on

the blogonesis of these pigments,

(2) Age and pigmentatlon

Zince the formation of lignine, flavonolds, anthraguinones,
etes is related to the process of ageing in plants, a relation
betwesn growth and pigment synthesis in teak calluq&as studied.

An increazse in pigment production with age of the callus has been

T————-

18
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1671). Alkaloid production was aleo found to be increased with age

of T. foenun-grascum cultures (Khanna and Jain 1972) or as the tlssuss

e
-
&
3

differentiated (West and Mika 1957; Newmann 1968; Reddick and Butcher
1972).

¥aximum plement formation was observed with teak callus
tissue jusl before the steady phose of growth. No cyitologleal studles
wers carried out on teak callus to determine whether any celiular

differentlation had taken place.

(b) Effect of gibbesrellic acid

The blologleal activities of gibberellic acid and othex
gibberellins in plants have been extensively veviewed (Paleg 1965;
Lang 1970). Gibbsrellic acid (GA3) was reported tc have an effect
on the flavanol content in Plsum sativum leaves -(i¥oore and Fetket
1972) and also on the enzyme activities (Jacobsen, Scandlalois and
Warner 1970, Pillet 1957) and development of autumn colour and leaf
fall in a few woody plants (Brain, Petty and Richmond41959).
Gibberellic acid has, however, been shown to enhance the uptake
and incorperation of anthocyenin precursors by callus cells of
Daucus carota (Louchele, Lehner end Sertz 1974). In the presence
of antoclaved glbberelliec acld teak callus showed a 3-fold increase
in the amount of teak quinone-A in freshly ieocleated cultures;,
whereas the increagse was over 7 fold with cultwes which had
undergone many subcultures. The increasme in pigment production
in the presence of aseptically added glbberellic acld was relatively

less, Pryee (1973) recently has shown that on autoclaving, only
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1-2% GA3 rerains intact, the rest decomposes mainly into 6 products.
The increase in plgmentation of the cultures by autoclaved GA3 may be

due to one of these products or to all of them.

(c) Effect of various gibberellins
All the gibberellins tried were structurally quite different

from each other and except for GAy which showed 2 maximum enhancement
and Giy + GAg and GAg, & minlmum enhancement of plgmentatlon, all

the other gibberellins tested gave pigmentailon sinilar to or 1liitle
more than GAg. This result shows that GAy, diverts the cell metabolism
for production of nore of teak quinone-~A and also the number of pigments

produced were more than with GA3 EYOWD callué.

(8) Effect of carbohydrates

There are very few reports on the effect of carbchydraetes
on secondary plant mérabolites. Davydova and Butenko (1968) while
studying 1ipid metabollism showed that the amount of linolele acid
and linoclenic aclds was increaged by a higher sucrose concentration
in the medium. Constabel (1968) has si:o;m that tannin increased with
bigher concentrations of glucose, while Schantz, Duranton and Peyrier
(195‘?) reported that total carotencids decreased with increase in
glucose conesntration. The effect of different concentrations of
sucrose was not studied, but using various carbohydrates (Table 38)
1t was observed that with fructose maximum plgment formation cccurred.

(Bleichent & §bachim 191y) '
-, Parthenocissus (;.“\r) tissues have been reported to produce flavonoids

only in the presence of 5% glucose, Fructose or sucrose were

ineffective. Tructome was found to be offsctive for growth but not



for pilgment production by poplar callus cultures (Matctmoto, Hishida,
Noguchl and Temakl 1973). This is contrary to the results obtained

with teak eallus.

(e) Effect of various nitrogen scurces

The effect of varlous nlivrogen sourc¢es on plgmentation has
not been reported. In the present study, cultures grown with YE, a
conplex substance and potassium nitrate showed a 5 to 10 fold
increase in plgmentation. This indicates that nitrogen metabolism

alao affects plgmentation.

(f) Effect of auxin and gytokinin

The effect of cytokinins and suxins on alkaloid, an'éle’:cyanin
and lscflavons production in tlssue oultures has been reported.
-Kcnéshisi; et al. (1971) have reported an increase in nicotine
production by kinotin and an inhibition by auxins with tobaccoe
cultures, Recently it has been shown that the produection of nlcotine
by tobacco callus cultures iz very sensitive to auxin concentration,
being higher at lower auxin concentration (Takahashi and Yomada 1973).
Alkalold formation by Iyvlorhora indleca cultures was not stimulated by
auxins (Benjamin ard Mulchandani 1973). Anthocyanin synthesis was
found to ve suppressed by auxin in Haplopappus gracllis (Stickland and
Sufilerland 1972a) callins cultures, while Jexusalem artichoke required

NAA for anthocyanin formetion (Ibrahim et zl. 1971) although it grew
on IAA or 2,4D. An auxin was aleo found ito increase anthocysnin

production with carrot (Sugano and Hayashl 196?), Haplopappus gracilis

a0
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(Blakely and Steward, 1961, 1962; Ardenne 1765) and cape marigold
(Harborne, Arditti and Ball 1970). The resulie with teak callus
indicate that IAA was betier for plgmentatlon than NAA. The concenw
trations of XAA (2 ppm) and TAA (5 ppm) were however different, For
the synthesis of the deoxylsoflavone, diadzin (Miller 1969) a eyelox
eytokinin was not required if 2,4D was present in the medium, but
kinetin d1d affeet the synthesig of an unknown compound if 0.6R
sucrose or mannitol was used instead of 0,1 Fl sucrose (Miller 1972).
Formatlon of panieulide A, paniculide B and paniculide C by callus
cultures of Andrographis paniculeta was not affected by 2,4D, NAA,
T84, CM, kinetin or CH (Butcher and Connolly 1971). Even without
any growth factors callus could synthesise these compounds. Coconut
milk was found to induce pisatin formation in vese leaf discs )
(Bailey 1970). Konoshima et 2l. (1971) have shown that in their
strain of tobacco callus kinetin induced nicotine formaetion while
suxin inbibited it. For anthocyanin synthesis (Ibrahim et al. 1971)

in Jerusalenm artichoke and carrot eallus, kinetin at low levels was
essential while for rose and apple a hig!} level was regquired. CH
stimulated quinone formation in teak callus. Sairam and Khanna(1970),
Khanna and Jain (1972), Khanna and Nag (1972) and Veliky (1972) havs
shown that small amount of precurser can stimulatq synthesis of
alkalolds in various cultures. CM containe ehikimle acid which is

a probable precursor of teak quinone-A. The increase in pigmentation

of teak callus may bz due to the verious growth faclors present im it.

187
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(g) Effect of growth retardants

There exye very few reporte on the effect of growth retardants
on plgmentation in tissu?%ulture. ABA has been reported to reduce
growih, lignin content, scopolin and scopoletlan in tobaceco tissue
(L1 et al. 1970). GAy overcame this ABA inhibitlon of growth and
llgnin synthesis and pariially xéversed 5c§poletin preduction, CCC
with NAA incveased carotenoids in tobacco eultures (Hardilik,
Camburg, Nazareva 1973). B-995 did not influence the compositlon
of carctencids in a similar manner. With %eak ecallues, qQuinone
synthesis was found %o be stimulated to o lesser degree with ABA
(0.01 ppm), AMO 1618 (0.1 ppm) and CCC (0.1 ppm) and to & greater
degree with ABA (0.1 ppm). With 0.1 ppm of CCC or AMO 1618 or

484 (0.01 ppm), GA3 1 ppm increesed pigmentation. |

(h) Bffect of light

Callus eultures exposed to light showed differences in
their bilosynthetic capacity (Ibrehim et al. 1971 Brunet and Itrahim
1973; Stickland and Sunderland 1972b). FPhenolics in J. commnis
callus were depressed fromz2 25 + 4% in darkmess to 12 + 1% on
11lumination (Constabel 1963) although it did not affect growth.
Lipids were increased when kalanchoe callus was iliuminated (Thomas
and Stobart 1970). Rutacultin a new coumerin was isolated from

light grown suspension cultures of Ruts graveolens (Scharlemn 19?2).

Light stimulated synthesis of apigenin in soybean (HMzhltwock 1972)
and inhibited polymerisation of leucoanthoecyanins ard increazsed all
nonomeric components in tea callus (Forrest 1959), Light has also

callus of
been shown to affect anthocyanin and flavonoid synthesis in/@oplar

et
(ﬁatsumotoki9?3), Haplopappus gracilis (Stickland and Sunderland 1572b)
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cltrus veel (Brunet and Ibrahin 1973) and rose (Davies 1972).
Anthyeyanin synthesis was aleo shown to be promoted at different
wavelongths of 1ight (blue, white, red and green) with cultures
(Matsumoto et al. 1973, Stickland and Sundexland 19?2”%)@ The results
with teak callus also show 2 stlmulation of pigment productlon in
light (Table 42, 1, 2 & 3),vhich was not lost on subcultured 1ight

grown callus,
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~8ECTION B enhd)

In the present studles teak gquinone~A isolated from callus

culture of teak has been proved to be 1?’-methoxy. 2, 5-d1hydroxy,

3-methyl anthraguinone, As shown in Fig, I (Introduction) the
various ways of folding of the polyketlde chain leads to (1)
erodin apd endociveln, (2) solori:;fa.cid and versicolonin-A, ete.
In 21l these cases the hydroxyl groups are located at 1,3,6 & 8~
posltion of anthraguinones, The verlation in the basic structure

fghain oxidation, chlorination,

recults from g-methylatlon, sidef
dimerisatlion and the introductlon or eliminatlon of nuclear

hydroxyl groups (Thomson 1974). It 1s known that removal of
hydroxyl groups can take place bsfore arcmatization of the poly-
ketide chain., Yor the fermation of tesk quinecne-A hydroxylation at
S-position¥ has to take place, which can occur in the presence of
hydroxyl at 6- or 8- position. It means that if teak-quinone A

is formed by condensation of polyketide chain there should be

the presence of two hydroxyl groups in ring A at positions 5, 6-

or 5,8 é}ixglone (Leistner and Zenk 19684) (5~hydroxynaphthaquinone)
has been found to incorporate carboxylic group labelled shikimle acid
and 1t was obeerved thet keto-C-atoms were equally labelled,
Degradation of ring~-A of the juglone molecule labelled from 1,2-1“0
shlkimate showed that activity 1s symmef:,rically distributed in the
molecule (Leistner and Zenk 19684), and this finding was also
confirmed by Leduc, Donsette and Azerad (1970). This suggests that

poseibly 1,4-naphthaguinone is an intermediate in juglone synthesis.



SCHEME-TI

)

-

. OO
HO COOH c,Ox COOH COOH
— (‘:f —
HO 0 s
OH o COOH

SHIKIMIC ACID O-SUCCINYL BENZOIC ACID OL-KETOGLUTARATE

XLIV XLVI XLV
o OH NAPHTHALENE OF
CHy UNKNOWN STRUCTURE +
O‘O r-v-DIMETHYL PP
HO
OH 0
MORINDONE
XLIX
0 OH OH COOH
OH )
@0@ < xsf +——— XLVI + ¢ | “OH
v
0 I CH,OH
ALIZARIN 2-(Y-v-DIMETHYL ALLYL) XLVl
IX ~NAPHTHOQUINOL
XLV}

BIOGENESIS OF ALIZARIN ( LEISTNER, 1973, ab)



SCHEME 1II

0
HO COOH
) —— ) == OO
HO
OH OH ¢ H OH
SHIKIMIC ACID C-10 INTERMEDIATE
XLV
(JUGLONE) L 0 SOOH
0 0 H
O, — CIL T ~— Qe
CHg
OH 0 OH ¢ OH OH
L Li
9 O oH 0 CH3
OH OH
U, — QOCL,,— QOCK,
Me CHgy
OH 0 OH 0 OH ©
Lilt XX X1X X L

BIOGENESIS OF TEAK QUINONE ~-A



(19577)
Bandermann and Deltrichs A suggested that naphthzquinones might be

precursors of methyl anthraguinones in ¢eak as both of them ocour
together., From the abvove studies it can be speculated that teak

tissue synthesised teake-A via the route shown in Scheme-II,

For the confirmation of the above hypothesis teak-callue
cultuces were fed with o labelled precurscrs. As described in'
Section 2, two methods wers employed. From table 43 it can be
seen that method-Il was better than methed=I. Thiss may be due
to the inabllity of {eak callus to grow in liquid pedium. The
percentage incorporation of 2—1"’0-Ha-aceta.te by methed II is almost
3 times more than by method I. When mevalonate was fed for one day
by method II, the percentage incorporation was 0.024, but with
Ha-acetate it was 0.0066, indicating that mevalonic acid is the
immedlate precursor for feak quinone~A. Both the precursors were
allowed to be metabolised for fifieen days separately and the
percentage incorporations of acetate and mevalonate were caleulated
(see Haterials and Methods). In this case also mevalonate (0.11%)

incorporation waes three times more than acetate incorporation(0.038%).

The incorporation of acetate to such a high perceniage in
15 days feeding oxpsriments can be explained on the basis of Listner's
{1973b) results with Madder root for alizarin blosynthesis. According
to these resulis C=-10, O-13 and C=14 of the alizerin moleculs come
from - ~ketogluteric acid which in turn is derived from Kreb's cyele,

which utilizes acetic acld as acetyl CoA., Recently Listner (1973a)

has proved shikimate origin of norindone (1,5,6-trihydroxy 2-methyl
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anthraguinone) via O-suecineyl benzolc aeid. Scheme II shows the
blogenesis of alizarin and morindone as proved by Leistner (1973a '
and 1973b). From the data obtained on percentage incorporation of
acetate and mevalonate into teak quinone -A in teak eallus culture
(If‘istner 19732, 1973b),(leistner and Zenk 1968&.\ 1968b, 1568¢, 19683)
and results with alizarin and jJuglone blosynthesis li\i-t saons possible
that teak gulnone-A 4is synthesised viae the route postulated in
Schewe IIT,

Due to the very low yield of thls compound from tissue
culture and also the limited avallability of labelled precursor it
was not possible to stuvdy degradation of labelled teak guinone-A and
' establish the position of la.belied«c ﬁ\the anth:caqﬁinone nolecule,
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SUMMARY AND CONCLUSIONS

I, The initiation and maintenanes of callus cultures
from teak, Jjack, mulberyy and poplar

The conditicas for initlation and maintenance of callus
cultures from branch or seedlings of Tectone grandis (teak),
Artocarpus heterovhyllus (jack), Horus alba (mulberry), and

FPopulus nigra (Popler), were determined. These cultures were

maintalned in vitro for over six years by subculture every 30-35
days and may be regarded as viable cultures of these trees., The
cultures from teak, mulberry and jJack represent the first viable

cultures obiained from these trses.

For initlation of callus from explants in teak, mulberry,
Jjack and poplar, the minimum reguirements are agar medium containing

mineral salte, vitemins, glyelne, and kinetin or cocomut nilk.

Pantothenats and biotin enhanced callus formation from
explants of teak, mulberry and poplar, but not from jack. The
latter was stinulated by malt extract and yeast extract, whereas

initlation of teak callus was initlated by malt extract.

Benzothiazole~-2-oxyacetic acld was the best auxin for
callus initiation from jack explants, and IAA or HAA or 2,MD for
explants from the other irees. Kinetin or coconmut milk was

essential for callug formation in teak explants,



The basal media used for initiatlon of callus from teak
and jock explants did not support growth of these culitures on
subculture, In the case of mulberry, two auxins 2,4D and TAA,were
added to the medium for the'initiation of callus, but IAA was
sufficient for the maintenance of the culture. Poplar could bs
maintzined on the same medium on which callus was initlated from

the sxplantis.

For meintenance of viable callus culiures of teak, high
ealis medium containing vitamins, glycine, caseln hydrolysate,
TAA and Kinetin was the best, while mulberry was grown on high
3alt nedium containing vitamins, glyclne, IAA, kinetin, pantothenate
and blotins Jack callus was 'maintaine& on Blaydes' medium and
poplar on Murashige and Skoog's salt solution écntaining vitamins,
glycine, kinetin, NAA, pantothenate and blotin., 2,40 was the best
auxin for jack, whereas poplar was grown on NAA,

o
Jack callus had a speclfic temperature requirement of 30 C

and did not esurvive at 2600, the temperature at which the othey

tissues were maintained.

All the cultures except teak werse soft and friable.
Teak was hard and compact having a yellowﬁz: Qﬁgange cc;lpur.
Initially mulberry cultures were a mixture of x&’@llus and roots.
This capacity to form rooie was lost after aqu\{twenty suboultures,
Mulberry and jack were light brown in colour, Whife, poplar callus,
which was initlally white in colour, turned ligﬁ% héqux aftar four

N [ Y

years of malntenance in in vitro.



II. Hutritional studies on jenk callus

Detalled studies were undertaken on the autrition of
teak callus, Murashige and Skoog's mlneral salis were better than
mediza with low sali concentrations which were adequate for callus

inltiation from explants.

Anmonium nitrate, potzssium nitrate and yeast extract
were goed nitrogen sourcos.

The callus conld utilize a variety of carbohydrates,
1lke glucose, maltose, fructose and sucrose, but the best carbon
source was galactose,

Teak callus had an absolute regulrement for inomitol
and the optimum concentration was 180 pom. Pyrldoxine added alone
or together with ﬁ}';a.mim in the vresence of IAA, kinetln, inosltol
and glycine, greatly stimulated growth. Nicotinic acid was not
essential for growth.

An auxin was essential for contlnuous grewth of teak
eallus culture. IAA was the nost effective auxin and its optinunm

concentration was between 5-10 ppn.

Kinetin stimulated the growth of teak culture even at
levels of 0.1 ppm. With coconut milk the growth was twlce as much
as with kinetin. Tlesue grown on medla containing glither diphenyl
urea, zeatin or thiourea gradually inecreased in welght with
subculture, possibly due to an adapiation of the tlusue to these

growth factore,



CGibberellic acid had a stimulatory effect on fresh
isolates of teak but later this effect wag not obsexved. OF

various gibberellins trled, GA7 was inhibltory.

Growth of teak culiures was enhzmceei'by sdenine and

uracil, while cytldylic acld inhibiied it.

Even at 3.0&:' levels abseisic acid, AMO 1618 eng CCC
wers 1nhibitbry‘ The absclsic acld inhibitlon was overcome
by GAB'

Growth of teak callus was better at 30°C than at
lower temperatures.

The optimun agar concentration was 0.7%.

III. Guinones from teak callus

Three anthraquinones were isolated and ldentified from
acstone extract of tesk callus. Ome of the compounds was 1,2,5~
trihydroxy,3-methylanthraquinone identifidd by chromatography with

a synthetle compound.

The second compound, teak guinone B . -wag digitolutein
{1~methoxy,2~hydroxy,3-methylanthraquinone). Th\ls compound was
also shown to bLe present in tesk wood extract., This is the first

time that dlgitolutein has been shown to be preségé\in teak wood
B
and teak callus. . o

L

R
Teak quinone A, a new anthraquinone was i‘i&tdla'ted and

[ 3
ite structure was shown to be 1~methoxy.2,E?dihydroxjxg-methyl-
. ‘ [.r' .
{ N,

w
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anthraquinone by using nass spectra, NMR,ZIR and UV, The structure

was confirmed by synthesising its methyl ether from 3-methyl s2lizarin.

IV, Effect of different factors on pigmentation

Teak callus for the first few subculiures showed the presence

of six coloured compounds on preparative layexr chromatography. After

prolonged suboulture :!.3 in vitro. it showed the presence of two more
conpounds.,

GA3 increased the synthesls of teak quinone A. Autcclaved
GA3 gave more plgment than aseptically added hormons.

As GA3 increased pligmentation, effect of GAy, GAy, GA5'
Ghg, GAgy GAyq end GAy + CGAy was studled,

With GAy maximum synthesis of teak quinone A was obsexrved.
The number of plgments produced was different with different gzibberellins.
Four types of chromatographic patterns were found with (a) GAy, GAg and
GA13, which gave simllar pattern to that containing no zlbberellins;
{b) GAy and GAgj (c) cay + GhnfeGags and (d) Gay. This may indicate
that different gibberellins direct the metabolism of plgment synthesis
in diffevent ways.
Although galactose was a supsrior carbon source for growth
it did not enhance plgmentation. Fructose was the best carbon source

for pigrentation and 1t increased the concentration of tsak quinone A.

Yeast extract was superior tc KNG, NiuNG4 or a combination

of both the substances for plgment production.
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Coconut milk was better than kinetin and IAA better than LAA
for plgment production.

Avscisic acld, AMO 1618 and CCC incressed pigmentation. The
concentration of abscisic acld and GAg had a marked effect on the
formatlon of teak quinone A, ABA at 0.1 prm gave maximum formation
of teak gquinone A. ¥hen GA3 at 1 pom was sdded together with ABA
at 0.1 ppm, the amount of teak quinone A was markedly reduced. However,
GA3 combined with ABA at 0.01 ppm increased plsment concentryation
considerably compared to ABA (0.01 ppm) alone,

Light stimulated teak quinone & synthesis.

V. Zlosynthesis of teak guinone A

To study the blogenesis of teak guincne A, 2~1“c-acetate
and 2-14C-povalonate were fed to actively growing teak callus.

¥rom the percentage incorporation of 2—1&0 mevalonate
and 2-19C acetate, 1t was concluded thet probably ring C of tesk
quinone A was derived from mevalonate while U-10, C-13 and C-1i4

were derived from acetdte,
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