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PHENOLIC SYNTHESIS IN -PERILLA SUSPENSION CULTURES _—
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Suspension cultures of Perilla ocymoides L., grown

in a defined liquid medium, iose the'biosynthet’ic' potential

e
fo& perillanin {cyanidin-3( G-Q-coumarylglucosz.de) -5-gluco-

- side), the characteristic pign\ent of the species. ‘The cul-

'3‘”
»

! . * ture, however, accumulates caffeic (3,4-dikydroxycinnamic)
o . acid both in the free and- esterified forms (in a 1:4 ratio)

‘during 'the early-exponential phase, and preceding maximum

b T growtli; The data on the- biosynthes:.s of,cafféoylaeempeundsv -

I S Dol
‘ 14

e ; from traﬁs-cinnamic acid-z- C, indicate act:.ve phenol:Lc

\
N - synthesis and reflect the pool size of both compounds during

S culture growth. ' :
: NG 3 "w ! i
S R \ Increhhed levels of growth substances influenced

: ' R
o - the rate of. accumulat.ton qf caffeoyl compound so that cyto-

k:l.nin stimulat{ed, while auxin repressed, phenolle synthESJ.s. v
Either ot the hormones, however. caused an. increase in. the -
tatio of caf;teoyl ‘egster to free acid, especially d Jx}g nud-

exponential growth. e - . ' : :
" . fThe regulatory role o£ caffeo'yl 'co_lnp'ounds was dis- ) .

cussed in relat:lon to their accumulatidn durihg culture growth
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know how dnltur cells come to di.ffer from one another with

~

regerd to their 1lity to reproduce their characteristic

to retain their potent:.al for secondary metabolite syntheais '

" when grown in.yvitro (Staba, 1963, 1969; . Carew and Staba, ’
1965; Street et al., 1965 Krikorian and Steward, 1969 ‘and
referencés cited therein) . Bowever, the majority of cul-
tured plant tissues apparently lose this property due to
modlfz.cation of their metabolism which may be caua by
changes in the compositi.on of the nutrient culture med:l.um,

. growth regulators or the envi.romnental' conditions surround-
ing. the cultured tzsaue (Steward, 1963'1 Streot/ 1965) -
Experunents \uhich have been carried out tvith‘intact plantt
demonatrated that both euvironnente;. variablel and. groﬂth
requlators, affect plant growth aud the biochuical ivqgts .

‘ ‘leading to the accumulation of .tts 8peciﬁ.e uubomu.

Perilla vcymoldes L. (Labiiteae) is g%miﬁal herb

\d.th redish-purple stems " and leavaa. 1 Its eolouration is ‘
.. mainly due to the presence. of an, anﬂ;ooyauin yigmntbyer:l.l- S
lanin [cyanidin-3-(G-g-comrqulwwud)-s-qlucolidll l\ o

[

(ri.g. 1), ‘vhich pmailo in the ycmhgc 1&0&1&&9 M th‘, nt\m o

V{fx.
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material was conce:.ved an:.ta,ble to establish a suSpension

culture in order—to mvestlgate the biosynthetic potenti.al

for its charactenst:.c anthocyarun pigment and other related

- N o

phénolic compounds. .at;\/_

~gy . -
_While seyeral attempts failed to ind\:ce pigment for- .
. mat:.on in v1tro, however, the suspension culture produced
'\one major phenohc metabolite, caffe:.c 3, 4-dihyéroxycinnamic)
ac:Ld, both in the free and ester forms. Thie remarkable
propefty was conside}:tid by ltself a valid reason to etudy
the biosyxithesis and’ ;écumulation of such ubiquitous con-

¥
stituent in relation to culture growth. \\‘

1

Th:.s ;hlvestigation will éoncern itself with (8) the

. m:.t:.atlon of a cell suapensxon culture from Pen.lla cotyle~

‘dons, (b) e determi.natxon of :Lts _growth chaﬁcteristics
under defined cultu‘gs cond:.tions, (c) the :I.aalation and
J.dentx.fxcatlon of its major phenolic constituents, (d)
stmdy:.ng the:.r biosynthesis from 4c--labell.ed cinnamic acid R
and (e) exanu.ning the effect of added auxin or cytoklnln on
their a,ccumulatl.on during the differan& atages of - culture
growth. . ‘ ‘. .
Tl;e fact that caffeoy cohpounds'constitute the .~ .+
major secondary metabolites o - parilla. cultures ukcs this

study particularly intereétin iu v:l.ev of the’ vidaly Accap-




VAR SR YR P M e e AR A PR NI A
by PR M o . N . - . - v e

CL  'II. LITERATURE REVIEW

. »

1. Callus Tissue and Cell SusgensionHCulture ;
3 ‘ . ’ v ?f)

' % Tﬁe idea of culturing cells and tissues in vitfo, 4 o3

. . with the a:un of ptilizing their’ totipotency, was first put -
o : forth by Haberlandt (1802) , but it was not until 1934 that 5
the late P.R. m{ite succeeded in establisting an ac,fively -

) growing organ: culture ‘from tomato rdots- (White, 1934). At .

about the same time, Gautheret successfully’ initi'at%d N =

(3

'tissue cultures from wound 'callus of some woody plants

T (Gantheret, 1935) . These were ,grown on an agar medium %
A

/ containing a sugar, as a‘carbon source, and a mixture of iR

inorganic salts, | , . - :

:

o In 1954, Muir et 9_]} developed the cell suspension
. . culture technique which cngZ

isted of free cells and cell ' *«’;
clumps grwing in an agitated /l/iquid .medium (Muir et al., . /i
9 1954). 'i‘he advantage of suspension culture liesﬂin the u
, ' fact that it, ideally, allgws the cells to be free fr
.. restraints or any contact with neighbouring ce.us whi | 5
3 uight induce mrphogenesis. . Tlius. /the cell is potentially - = . ?*
able to expresa ita‘biochenical totipotency (Krikorian ana e
Stmrdk1969). o T\ -\ s

., Few tissues or cells would be able to grow an such

simple media as that of White umte, 1943). Mostk tissues,

K m.{
fu.
‘:‘,:4; 3;




.

exti:acts such as coconut milk, yeast ict‘.or casein
hydrolysate for- their contumed growth in culture. Never-
theless, some cultures were established on conpletely
defined media (Street and Henshaw, 15¢é and references cited
therein). These media are usually more lex than the
original basai'medinm of white, and incorporate such
supplements as vxtanu.ns, growth substances and somtinyes

nu.xtures of am.no acids. A souroe ‘of carbon such as

sucrose, oOr some other sugar, is invariably neeessary, since"
iy

chlorophyll-xrich tissues grown under high light intensity
may not be autotrophic with respect to catbon (Bildebrandt
et al., 1963). ) ,.

Many tx.ssues also require ‘the addition of one or
more' growth anbstances for their continued growth :ux eulture.
The most important growth substance is auxi.n The main
synthetic auxing used are napthalmeacetic acid uum,\ and .
2 4-dichlorophen%xyacetic acid cz,a-n) as well as the .
naturally occ?r:ing auxin indo,leaoevﬁ.cyaci.d (m;..

utheret (1954) publishel a 't‘:abdiated review, of ‘the tissues
which auxinsforth‘irinvittog:ovth mtha; )
other hand, so-e tissue cultures are Appamtly min

autohrorhic (Bitancouxt, 1955) or bccou W aﬂ:o:




- T Ml_y‘ used are the synthetic cytt;ki\nilgs.lkim;.tin S
¥ (6-furfurylaminppurine) and benzyladenine, as well as the . ; ”a
‘ naturally occurring cytokinin, ze;tin 6(4-hydroxy-—3— . ‘
-~ ) nethymut-Z-enyla-ino) purine. Cytokinins and auxins have
‘ | been reported to mteract in the control of growth and -

morphogenesis of some txssue cultures (Skoog and Millet. )

\ 1957) , and regulate the levels ‘of certain phex‘xoliclmetabo— L,
‘ d Montaldi, 1961). - \\ -

(Y

c;n Behavior of Cells and Tissues in Culture

Until thej 1960's most of the woprk with tissue cul-

tures was concerned ;vith such morphogenetic aspects as' ' - .\ A

tissue differentiation (Gautheret, 1966), control of phldem ‘

" and xylem formation (Wetmoré and Rier, 1963) and the control | S

of shoot and root differentiation -(Gautheret, 1966). '

However, i.ncreasing attention has been focused on the o - |
" biochemical totipotetfcy of cultured tissues Nn an attempt
to control the production o;z‘ﬁ}ir desirable metabolites.

L : It has alvays been envisaged that the biosynthetic potential

_f_ of tissue cultures might be controlled by modifying the com-

§ a position of the ‘culture media in w\hich the cells grow. ' o 5
E » However, one of thé main prob].éu encountered with this . _ gg

tnchniqne is that the metabolism of the cnltured cells is
usually a tnnction of a numsber of environnental conditions
in which they grow. such as the nutrient nediun composition, ;
S . n.ghe quaut.y. tu-pcntm ana g:ovt;\ regulators (Staba, 1969: .




. et al, . !
Streety 5.966, Steward et al., 1964; Steward 1963). There=--

fore, it-(flas often been found that the particular metabolism -
\' of a certain plant spc;CJ.es .1.8 not usually reproduced when it
.&‘ L is cultured in _____9_ (Krikorian and Steward, 1969 ana n )
references cited thereln). Furthermore, the cultured tissue ,

. "may produce compounds ‘tha‘t are not characteristic of the’

parent plant (Forrest, 1969;‘\Liau and Ibrahim, 1973). :r_hare 4:. .
have been unsuccessful attemp\t‘\s—to produce certain commeré
cially valuable compounds in in vitro cultures, such as the ‘ ) s
; / volatile oils from peppermint (Krikorian, 1965) or latex | ,'

d, the for-

from rubber (Mahlberg, 1962) f On the other
mation of arxthocyanin pigments has been.demgnstrated in 3
} _tissue and cell\cultures (Ball et al., 1972); and has been: /
o | induced in cultures der_i.vea from acyanic 'planta, such as .
‘Haplopappus gracilis (Reinert et al., 1964; Ardenne, 19653 .
Constabal et al., 197i) poplar (Matsunmto et al., 1970)”‘ “
and in carrét, flax and Jerusalem artichoke (Ibrahi.m et al. , ,‘: ,Wa
1971) . The formation of other phenolic compounds has also o
- been reported m a' number of suspension ‘cultures (Hahlbrock :
o oo and Wellmann, 1970, Steck et al,,r 1971; Davies, 1972). ’%

The following tables illustrate examples of tissues wbich . =

' reproduce (Table 1), or fail to ro;rodu&e (Table 2) their . 1
o i characteristic metabolites when oultured in vitro. ) ‘ '
N bl




3

Wb

-«

e

'Petroseginum hortense

-‘_v‘p . e

Table 13 Tigsue.cﬁ turqsnwhich reproduce their chardcteris- j
tic metabolit§p ig_giggg,‘ b:p‘~1i_ R A
I . R oo ’ ’\ j
Tissue Cul;ufe‘ Metabolite Reféfence
Atropa beztadona » Atropine « - West & Mika, 1957
Nicotiana tabaocum " Nicotine ' Speake et al, 1964 ' |
Camillia sinensis é;ffeiné ‘Ogutuga & ﬁorthcote, ‘ )
\ ' 1970 -
Prichosereus ' . T :
spachianus Candicine Steinhart, 1962 R
-Solanum zanthoocarpum SOIaéaniﬂe ﬁeLlé et al., 1968 . . ‘
chaﬁum harmala Harmine ‘ Reiqggrd et al., 1968 -z
Niootiaqa tabaoum- Scopolin Sargent & Skoog, 1961 E

Dioso?rea deltoidea Diosgenin &

Citrus aurantium

%

, Methoxyflavones

.grclyéoflawoneg

Kaul & Staba, 1968 e

Brunet & Ibrahim, T
1973 . o

Hahlbrock & Wellmann, ' '
g ’ 1970 -




‘
\

'able 2:

Tissue cultures which fail to/ reproduce their

characteristic metabolites %g vitro.

Tissue Culture

Mentha piperata

Volatile oils Krikorian, 1965
Cartea papaya

Papain - Krikorian, 1965
Ricinus communis Lipids Brown et al., 1970
' Digitalis purpurea  Cardiac :

. ‘ glycosides Stohs & Staba ” 1965
p Ibez‘-is sempervirens Mustard oil Krikorian, 1965
. iz,awa uitatissu;um c-Glyeoflavones Liau & Ibrahi.n, 1973
'Euphorbia marginata Latex

Mahlberg, 1962
I

These, are but a few examples-which have been inves-

t.igated Evidently,,more tissue cultures will have to be
exa-s.ngr in order to i.nvestigate their bioayntheti.c poten-

|
tial for secondary netabolite for-atiﬁ '
' -
3.,

Ehenonccmminrhmmmm
rhefomﬁmofphenolicewsinvimhu

heenmportedinalmtedmgfcnunreduum.

nevertmleas,the-etabontesprodncadmbeotmchu:im
asthatfoundinthsintactplnts.mmjactmhm

reviewed by Staba (1953; 1959). eu:u and sub; 11965). ,

.
-
et W
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& .
- Street et al., (1965), and Krikorian and Steward (1969)-. .
Table 3 contains a listing of f:he phenolic compounds which
have been reported to occur in callus tissue or suspension )
cultures. . ' |
4. Biosynthesis of Phenolic Compounds . \

- The’ bipaynthésis of the phenolic acids_, phenylala~-
ni;xe, and tyrosine, has been demonstrated first with micro-
organisms (Dawis, 1956). '_It has been shown that phenolic
cbmpounda in higher plants are mostly derived from ‘the
aromatic amino acids, phenylalanine and tyrosine, which in
turn are foxmed via the shikimic acid pathway (Neish, 1960;
Gamborg, 1966; Yoshida, 1969). The phenylpropanoid, or

cinnamic, acids are formed by the enzymic deamination of
' the aromatid amino acids: phenylalanine, by phenylalanine
ani\onia:-lyase (Koukol and Conn, 1961) or tyrosine, by

tyrosine amoni:a-lyase (Neish, 1561) to forn;rcinnamic and

'g-comriq acids, respectively. These phenolic acids are

than‘suqcean\lirely hydro'x’ylated and methylated to form a .,
vnkiety'of subastituted cinnami¢ acids (McCalla and feish,
1959) as shown in Figure 2. ‘ -

Substituted clngamic acids are r)zély found in the

‘ frqa state but ark usually bound. as‘“l:he ester or glycoside

forms (Ibrahlm. 19613 Neish. 19“). 'l‘he ‘substituted .

: ban:oic acids are apparently fomd from their corrasponding
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FPigure 2 (eontiﬁi:ed)
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©. .7 2, L-Tyroaine |
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13, Chalcone .

1A, mm
L | ' 18, Flavone
-+ * "16, Flavanomol
‘ T

17, Flavonol -

18, Antbocyaiiin

o i. L-Phenylalanine

[

. 3:' trans~Cinnamic acid

o . 8, p-Coumaric acid (p-hydroxycinnamic)
' 5, Caffeic acid (3,8-dihydroxycinnamic)

) 9, g—nydruybemoic'ncid /

10, Protocatechuic acid S.Hihydfoxybon:ole)

'11,. Vanillic acid (3<methoxy-S-hydroxybessolc)

1!; p-Rydroxycinaamyl alcohol
. 20, Ouéltml aleokol (hthw-‘-m:ovcim-yii
21, Simapyl aleobol \(3,5-dimethoxy-A-hydroxyclnnamyl) | B

. 6, 'lfetnlic acid (3Ttboxy—l-h‘ydroxyc£nqnic).
Yy, Stnapic aefd (3,5-dimetBoxy-4-hydroxycinnamic)
am'ﬁifﬁ(g-hydtm—gg}cimic)

12, Syringic acid (3, 5-dime thoxy-A-hydroxybensoic)
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' y Tablé 3: Phenolic ooupounds isolated frdm callus or L R %
b : ‘ suspension caltures. , “a
- . ) . Y ‘ * [ ' r%
C . '?henolic Co_mpound Source "~ "'Reference ' ;§
) N y - £ . ”‘i
) Couniarins Tobacco - Sargent & Skoog, 1960
f Ruta’ . Reinhard et al., 1968; '
' graveolsns Steck et al., 1971, R
’ ! - \ - &
. L ‘ » : . - :
S Stilbenes ‘Pinus resinosa Jorgensen & L
. . . . » ) Balsillie, 1969 T
- “ . a . l )g
Lignins tos Pinus strobus Hasegawa et al., 1960 - “ L
. . ’ ’ hE . . T
. | . - Daucua" carota Koblitz, 1962 ™ N
S ' . . Lactueca seativa -Ganapathy & - - LR
LT ; :+  Hildebrandt, 1967 ik
K “ . . : . . B
Catechins ? Sequoia ‘
Leucoanthocyanins, sempervirens Ball, 1960
and Tannins .
' : - ) - Ager pscudopla- Goldstein et al. ¢ 1962 L
. . ', tanus ! . . , .
f ) Juniperus \\ * i
- i communis Constabdl, - 1963 SRR
. Camillia - ’, '
‘ ! ginensis - E‘orrest, 1969
‘ T h k ST T s e B /
_ : . Paul's Scarlet . . R
: . , S rose Davies, 1972 R
. Flavonols ) X ‘ Smith, 1961, | X SRyen
' - : Parthenooissus Bleichert & Ihrlh:h e
> : : triouspidata

197‘ . R »;’: TR
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, ' Flavones '._“q .Pgtroselinum - Halhlbrock & Wellmann,
S *f"?‘hortense 1970 -

; . o
‘ ( ' S kﬁti‘us peel - Brunet & Ibrahim,
g " 1973
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*  Igo-Flavone Soybean Miller, )1969

L d
T

Anthocyanins 7 Haplepappu% " Gonstabel et al.,
. - gracilus\ 1971 :

»

Ll

et

Impatiens - | Klein & ﬁagen. 1961

- . ba;}amigm

v : . Daucus carota Sugano & Hayashi,. ,
) ) : - ) 1967

\
CONEEEY
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Aty

Coin . Strauss, 1960 X .

[ . ¢

Parthenocissus Stanko & - ) ‘ ' 3
. : . tricuspidata Bradinskaya, 1962

. Dimorphotheca
' : . aurtculata Ball et al., 1972

- . o - : Helianthus ‘ -
g / . P , tuberosus Ibrahim et _a_l__.. '
: - . 1971 o
" ‘ "Linum ‘ ,
. . usitatissimun Ibrahn et al., 1971

, . o . ’ ,Daucus carota Ibrahi' et al., 1971

, . "' 'Rosa multiflora Ibrahim et al., 1971
‘ - " ~ . "

. ' ) ;4( * Nalus pumula ibrahjm et al., 1971

. if ¢ N
t I . - . . b ' B ‘

A .

. ,c:fnn'a'lie'acids (rigs 2.) through the loss of two Carbons from -
m thrce-carbon :ide c:ha:i.n‘W -(Bagyouni et al., 1964). :
Qomhu u:g bcl,igvdd td be formed by cycunti.on oé the
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' be formed exclusively from acetate (Bireh et al., 1953)~ . SR

- *> .

’ a

lattone ring (Figure ‘2). This ‘step appears. tod-:aké place; T y
after hydrolysz:.s of the..-c_:_i_s_—fcgrm of . the cinnemic acid | K
lecoe_side (Brown, 1965). - ' , - \ o . '

_* Flavonoid compour‘xds are formed through the éondensa-— -
tion of” {:hree "its' of acetat':e or malonate with one mpl(ecule, . ﬂ.';
of suﬁstitute cinnamic 'a_{:id, -presumably as its coenzxmg—}\ ' o
ester. It has\been demonstrated, in higher plants, -that - ‘ : B
Kz.ng-a of cyanidin, an anthocyanidin (Grisebach, 1957); qu -
cetin, a flavonol (Watkin et al., 1951) and phloridzin, a_ , :3\
dz.hydrochalcone (Hutchison et al., '1959) are indeed forméd O 5
from acetate. In all-cases, x:ing-B was shown to be formed( o : ,‘f

from shikimic acid, phenylalanine 5r cinnamic acid (Figure 2). o

g

Tt has also been 'squested that other phenolic compounds may ;
e N
- " The complex phenolic polymer, lignin, is derived ' . %
from the phénylprop‘ane mnomers{' coniferyl and ginaéoyl alco-
holas (Freudenberg, 1959) as well as p-hydroxycinnamoyl' alcohol :
(Nord and De Stevens, 1953). These alcohols are apparently‘ :
den.ved from their corrasponding cinnamic acids (Brmm et al. ' 3
1959; McCalla and Neish, 1959).) The enzymatic reduct:[;on of

’0,

cinnamic acids to cinnamyl alcohols (Ebel. and Grisebach, 1973)
‘and ferulic acid to coniferyl. alcohol (Gross et al., 1973) has
been recently demonstrated in suspennion culturu ot loyhaan \
and the cambial tissues of m . :espactively. '

1

v’%f 4
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5. Role of Phenolic Compounds in Plantsv

’

Phenolic constituents have, often been assigned the /
.role of protecting plants against inse'ct and fungal attacks.

Many examples of this are available from the literature,and
are summarized in the reviews by Farkas and K:Lraly (196&/

[ ﬁu61(1964), and Cruikshapk and Perrin (1964). ‘ |
. More x‘[egent}y, phenolic compounds are becoming morc:.
implicated in \}arious metabolic :-:olesl. Gortner and Kent ¢
'(1958) have shown that the enzyme IAA-oxidase complex was
activated by g-coumaric acid, a monohydroxyphenol and inhi-
yor bited by the dipheno‘ls caffelc, farulic and chlorogenic ac:.ds

in pineapp%p. - Sondheimer and griffin (1960) have demonstrated

¢ v : oy . ' . R
. that p-coumaric acid can overcome the inhibition, by chloro- - g

- Y

e genic acid, of Iu-oxidase in peas. Similar results have
- been reported with:ithe strawberry plant (Runkova et al., 1972)?
.. o and‘ sweqt—potato_r;sbjts, (Imbert a.nd Wilson, 1972) . The gene-
[: - ral pattern, therefore, .seems to be that monohydroxy phenols
; activate, while di.hydroxyd'pheqols inhibit the enzyme. This R
, . findind may suggest f':hat‘ phenols .play an indirect role in the

¢ ' regulation of growth and metabolism by protecting the native
{fff ' “auxin isalaton, 1969; staﬁlid, 1962). In support of this

: view, h?ttomley 93.9_;_.', (1965) have found that the increase
s : '’ in waight of stioclated pea seedlings, irradiated with red

' l;.:ght, was acconmpanied ﬁy an inéreasq in- the amount of a
quercetin WWN triglucoside esterified with
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p-coumaric acid, while the amount of kaempferol (monohy-

/ droxyfiavonol) triglucoside and its p-coumaroyl gstér - |

' re:anain:ed constant.‘ It is i‘;xiter_esting to note’'that monohydroxy '

. phenolic- a;cids, téle inhibi.ted tobacco callus grawtix, were

found ‘to be more, actlve in promot:.ng ‘budding than theﬂg__ﬂii-

m droxy acids, though the’ 1attex: enhanced callus growth (L;:

- ' #hd Skoog, 1965) . The authors concluded that while kinetin - o
was pr)imarii}'(' responsible for induction of bud formation in

‘ tobacco cultures, however, the phenolic compounds 'influenced .

the ;affeatlz.veness of kinetin eithezv',gy raising or loweting B <. | :

the levkl of IAA through the IAAZoxidase systéh or by func-
e tioning as auxins. Phloridzin, a dihydrochalcone' glucoside

(witl;, a monohydroxy B-ring),.has been reported to inhibit - -

l
grovrth of Avena coleoptile (Thimann and Marre, 1954), promoee\

root growth in peas' (Lavollary and Laborey, 1948) and i.nhibit
‘ phosphozylat:.on in chIorOplasts (Izawa et al., 1968) .- L~!mvez
o and Varga (1959) have shown that monohydroxy phenolic acids,
especlally salicylic acid, act’ as germination inhibitors in
é.l:y frqxts. More recently, a number of phenolic compounds
_have- been. demonstrated to play an ?unportant rol?f' as growth . .
o mhihx‘tors (Kalef:. andf’xodyrov, 1971). It has also been
. = reported that some phenolics may pa ; te in oxjdation- . ‘,
reduc"tion’ syctems and inhibit ATP"? oy tion in plant mito~-
chondria (Nagornaya, 1968; Stepiid, 1970). T

. R '
0 %’ « : s
M
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‘6. Regqulation of Phenolic Synthesis in Plant Tissue Cultures . C
The regulation of phenolic synthesis in tissue cul- -

"which have been found in cultures derived from acyanic

metabolite synthesis by a number of tissue and cell cultures

-~

Ty te A . * e v S . - . . .
52 RI e v A SRR AR e T ae o S e S N Yosoovy e a8t v N
A% 3 . e B g R tady -y G T T AR R . ) R D
AT i o T BRSERBAI s T g e Rk T e g e T e T S A e e

18

¥ ¢ 5

tures is, at the moment, a controversial subject. Not only

is it found that most tissue cultures lose the bioéynghetic
potential for their charactesistic metabolites, but also
that some cultures may produce compounds that "are not found

in the parent plant. Examples of this are the anthocyanins

plants (Ardenne, 1965; Constabel. et al., 1971; Ibrahim et
al., 197iy.-

These are excellent -examples of the induction

of secondary metabblite’forma ion which may be explained in

térms of derepression 'of enzyme syétems leading to phenolic

synthesis by the componefnts of| the cﬁI\bpre medium (Bonner,

1965) . ' |
The requirement for gr substances for secondary

has been fairly well documented. Cytokinin requirement has‘

been reported for the formatjion of antho'c?Yanins by carrot

and Jerusalem artichoke (Ibrahim et al., 1971) #'2,4-D ~

(Menné, 1965) or Naa (Blakely and Steward, 1961) by appa-

rentl‘y digferent strains of ,E{.Q‘B}EP;‘.EP“S gracilis and _ ' .
g_—chlorophenox;yaéetic acid by Cape mlarigold_ (Ball et _é}_. . l
1972) tissue cultures. | - - o
Blakely and Steward (1961) found that high levels
of cocoRut milk ofNAA resulted in greea cultureQ of H. \
‘gractius whereas low levals of coconut milk and NAA resulted
; | >4

{
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in the fometic;fn of anthocyanins. On the other hand, el
Constab#a& et al., (1971} using another strain of n. gracilus :
reported that mcreasing the level ‘of cytolu.niq resulted
in the formation of anthocyanins.
~ Arnold and Alston (1961) working with Impatiens
balsamina found that the amount of anthoéyenin produced, by e “;
cultured hypocotyl segments depended up0n the origin of the :
segment along the length of the hypocotyl. It was later e
discovered that the d:.stri.hntibn of anthocyanin among the
"hypocotyl segments could be altered by NAA, and that the
action of auxin could be reversed by the inhibitor, tx:iiodo—
benzoic acid (Arnold and Albert, 1964).°
Klein and Hagen (1961) found that anthocyanin .
;foduction could be accelerated in cultures of I. balsamina
by the add:.tion of ld.neti.n-, or after injuty, and could be;
suppressed witl mannitol or ethionine, and delayed with
. tri.iodobenzoic: acid. . | . , 5
o Stranss (1960) showed that anthécyanin production by |
\ ) . corn culture could be pronoted by the addition of aspartate
and cystine, and inhibited by riboflavin, methionine, i
asparagine, glutanine, ,and valine.
. ' " Suganp and Hayashi (uﬁﬁ'-r;por‘ted a good example " | i
¢ ' | of the nature of auxin tegulatian,o!. ,Moueo:ynﬂnuu'in ‘
o carrdt tissue culture. They found that anthocyantn. fom- AR
umminduceabym,vnamuzmnmamm
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presence of high concexitrations of IAA (Sargent and Skoog,

. |
i ‘ . )

Lignification in tobacco tissue cultures has been

found to be increased by increasing the levels of kinetin
(xoblitz, 1962; Bergmann, 1964; Kumar, 1971) or 2,4-D
(Ganapathy and Hildebrandt, 1967) and has been reported to
be inhibi.ted with high cmeentrat:.ons of calcium ions - '
(I.ipetz, 1962) . * Bergmann (1964) also fco}md _that the increase
in lignin content of tobacco culture by high ki:netin was
accompanied by a hundred-fold increase in the number of

tracheids such that, in this case, the kinetin appeared tq.

. 4 :
have An indirect effect on the accunulatioh of lignin.

" The formation of scopolin (scopoletin glucoside) in ~f
tohacco tissue cultures is apparently dependent on the

ey LT .
IR TR

s T ¥ PO
ar Ay At 5T e e e g

presence of kinetin in the culture nedium, and that the !

conversi.on of scopolin to scopoletin is’ accelerated :.n the

N

1960). Purthermore, the release of free scopoletin into .
the mlm medium is augmented in the presence of tu.gh
levels of IAA, and that a high level of - kinetin yievents 7
the auxin-triggered release of scopoletin into the medium.
(Skoog and Montaldi, 196'1)’;\ Thege authors suggested that °
the internal levels of scopolin and scopoletin, as well as

- e
T T
S EIETNT en ATl

iy

the i.ncorporati.on of these phenols 1nto cell wall materiais,
are regulated by the balance batueen auxin and kinetin.
« Callus cultures of red pine do pot normally produce
the phenols, pinosylvin and pinosylvin monomethylether, but
) [ : )
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N It can be seen from this ghoft review that the infor- :

-

mation available on the regulatiom of phenolic synthesis in ‘

o in vitro cultures is still too f;agmei\tary to allow a com- C
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- plete picture of the mechanisms involwed, . e e
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“III. MATERIALS AND METHODS i

1. Plant Material

-

Seeds of Perilla ocynoidea c.v. Crispa were kindly

supplied by Dr. J H. Miller, Department of Bacteriology and

Botany, Syracuse University, New York. They were germina-
v - .

i

ted in the greenhause with_ 18-hov.& photoperiods. The .

(!

Y S

D te rg
T TR I S N T -t

o',

cotyledons of one-week—-old seedlings were used to establish -

I

" both the callus tissue and cell suspension cultures. . .. ‘ .

.

L

.";. Callus Tissue and Buspension Culture ' ; : i%
a. Induction of callus: - 3 g

Thé cotyledons of seven-day—old seedlings of Poriua N %

were excised and, soaked 4n 50% chlorinated solution "(Javex . E
. bleach, 5. 25% available Clz) for ten minutes. The surface- ) {;
sterile cotyledons vere then rinsed several times with " :E‘
sterile distilled water._ The cotyledons, after being halved | é
len'gthw:i.ne.,',“were then placed, cut edge down, onto the nntr@ient' . \é

cultuie medium which was sol:l.diﬁed 'with agar. 1 aperat:ions

LY

were performed aseptically under a transfer hood (Lab-Con

.

cO., Corp., Kansas c1ty, Mo,) . . .
" The cultured ‘explants were maintained in the dark,

- at room 'tempara e (ca 22'0) e in glass prescription bottles:

(J.sxsxscm) chcontainingabwt 30nl.of the culture - F
mdi):{ The callus t;l.nue f&md vas gubcultnredv at four
to e*-\no)i Lntervals by trmforring small pieoea ' B




. (ca 50-100 mg) onto the fresh medium.

friable was used. Approximately two-gram lumps of callus

!
i

b. Initiatiln of suspension cultures: ' .-
I Jorty-day-old callus tissue which was highly

tissue were transferred aseptically to 500-ml Br(enneyer

flasks each containing ¢25 ml of sterile culture medium.

The flasks were stoppered with cotton plugs which were
; g
covered with aluminum foil and agitated on a gyrotary shaker

(Model V-S, New Brunswick Scientific, New Brun:swick, N.Y.) '

at a rate of 120 r.p.m. and a room tempejature of about 3

24 + 1°C in diffuse light. : . : T

The callus -\asses were transfomed into alkoose -
suspension within fou'rteen days. The estabushnent of the

L | T
cell culture was confirmed by examining samples from the %
suspension under the light microscope. thgle

evident\by T

well as small and Lafge cell aggregates were
licroscopl.c examination. .

° %

The cell suspension was snbal:ltnred by- trmfming.

under aseptic conaitiom. an aliquot of. the o].d cnmu:a to
a flask containing fresh medium. The inoculum was cbtained .
by v:.thdravi.ng the culture. through a laige plastic syrings, =
(30 m1) ﬂttedvithalmgpuca(zoa)ofgmatubing s
The ratio of inoculum to fresh modium was established at

1:10 and the i.nocnhﬁhﬁsg t.;un .tth‘smtm;hua :*';'i 5




A4
of aboﬁt 1.5 g fresh weight of cells was transferred to a
500-ml flask containing 125 ml of fresh medium.

c. Culture media: )

° The nutrient culture n\edi.um used faor ;suspension
culturées of Perilla consisted of the macro-:elementa, micro-
elements, vitamins, iron, and :Lnos:.tol of Nfurashige and
Skoog (1962) which was diluted to 50%. It was supplemented
with 3% (88mM) sucrose, 1.0 mg/l (5.4uM) NAA and 0.1 mg/l
(0.47uM) kinetin.

| The callus cultures were established and subcultured

e

on the same medium without dilution. The latter contained
3% sucrose, 2.0 mg/l NAA and 0.5 mg/l kinetin. The medium
was solidified with 0.8% agar and its pH was adjusted to

5.6-5.8. The’compcsitioo of the medium is given in Appendix

'A. All culture media were autocalved for twen“ty minutes at

) o .
15 p.s.i. before being used.

-
3. Growth Measurements )

tea

_ The parameters used to determine the growth of -
susPenlion' ciltures were (a) ‘packed cell volume, (b) oven-
dry woiqht, and .(c) soluble protein cont:ent as detemined

by the Lowry method. -rhe\‘packed cell volume was obtained
by centrifuging the culture :Ln graduated centrifuge tubes at

,.00(_) T.p.n. (-I.E.c., 8 X 50 ml head) for ten minutes.n It
was found that the ‘fresh weight in grams of 'filge:ed cells

- was more or less numerically equal to the packed cell volume

,
.
oy -
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in millilitres (& S4)< However, {t was difficult to

deWe fregh weight, of the. cells accurately due to
the presence of adhering water, especially in samples with '
; ' low fresh welght/s.\ _— , . o
. ; | .The dry weight was determined after drying th; , 5
‘ centr:‘ifuged cells in a vacuum oven at 40°C for five days.
| Dry weight determinations were performell on a sTa.ndard ana- [ |
lytical balance of 0.1 mg accuracy. . : '
The protein content was determined by the method of =
I.owry(Lowry et al., 1951) ing freshly prepared acetone .. -
‘ powders of cells. Acetone ers were érepared by homgeni-‘ ’
- zing the cent'rifuged cells with f:i.(re volumes of .cold acetone 3
(-20°C) for one minute using a virtis homogenizer, then /

filtering with suction. The residﬁ? was washed several
times with cold acetone, dried in air for 30 minutes and
"t . stored ‘in the freezer. s
\ For protein determination, 100-mg samples of the \ %
-acetone powder were mixed with 5 ml of 'Eris—nf:l buffér, pH l ;é
8 and the mixture was left in the ;efrigeratox: for 30_-&1' ) §
with periodic shaking. It was then centrifuged at 15,000 |

RN r.p.m. (IL.E. c., 8 X 50 ml head) for 20 min and the super- ’

natant was collected. The reageuts used in the p:otein

determinations conaieted of: ° . : S : RE o
Solution: A: 2% Nazm3 in 0.1M NaOH ‘ <o /f
Solution B: 0. sa Cuso‘-snzo id31s sodiu-potuus.n- |

1 a

.
S . . , tarttate . \ :
T N 1 .

¢




.

Solution C: 50 ml solition A + 1 ml solution B
Solution D: 1IN Folin reagent (Fisher Scientifjic

© / Co). - .

C One 100ul of the protein solution was diluted to 1.0
ml with Tris-HCl buffer, mixed with 5 ml of solution C and

allowed to stind for ten minutes, after which 0.5 ml of solu-

tion D was added and mixed rapidly. The optical density of
- - the solution was determined after 30 min, at room tempera-

’ tni're, at 600mp in a Unicam SP-800 spectrophotometer. Results
[ ‘were comared:with a standard curve which was prepared w'ith
SR ; bovine serum albumin (JF.T. Baker Ck_i\emical_Co.) . “

{
' . 4. Microscopic Examination of Cell Cultures

The cell cultures were examined microscopically at
4.eachn‘ sampling in ofder to determine the shape of the gelis
Laﬁ f:o estimate the proportion of frge cells to cedl clumps.

Photomicfographs of the cells were also taken at the various

stages of growth.

o . 5. P;gpaxation'of Cell Culture Extracts

The cells ware harvested from the culture medium by

centrifugation and the wet cells were ‘crtished wi.th hot ..o ¢

N

alcohol (95!)‘ imi.ng a l?otter—xlvehjan homgenizer (Bellco b
O o
' Glass Inc., Vineland, N.J.). 'l‘he cmam cells were then /\

grmtorxod t:o a glass thi.ﬂ:le of a aoxhlet extractor and

. were extmm ‘80% ethanol for t:welve hours. The )
» - . /\ ] . 1
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g

alcoholic extracts were flash evaporated under reduced
pressure and the residue 'was dissolved i.n a minimum amount i

-

of 80% alcohol (ca o 5 ml) and used for chromatography.
This extract contained the free phenolic acids and the solu-

. ble phenolic esters. o ’ | .
' |
The alcohol-insolub#e residue was dried in a vacuyum -

¥

oven at 40°C and stored in the freezer until needed for
analeis. This resitdue contained the phenolic compoun&s '
chemically bound to the cell wall material.

w - .

. 6. -Hydrolysis of the Alcohol-Soluble Extracts and Cell

. Wall Residues - S :

—

- s Alcohohc extracts were flash evaporated and the
aqueous residpe was suspended in a suitable volume oﬁ 2N

NaOH. Drypoﬁwders were suspended directly in the alkali.
About 2 ml of alkaliwereusedper IOOugofthedrypowder
The Vlals conta:minq the reaction: -i.xture ‘were flushed with g
> nitrogen gas andallowedtostandfortwo hours attocn ‘ .

temperature .xn the dark. This tre’atuent cleaved -the elter ‘
1inkages aasoczated with phenol.ic coqonnds The alkal:lno ' ~
hydrolyaxs was then aci.dif:l.ed to P 2, using 5N HCl, and .-
.heated on a boil:l:ng water bath for one hour. Ain order 't*o
break any qucos:ldic bonds pmont.~ !he acid hydtolysatp
. was 1iquid-liquid extracted with.ether’ and’ the’ xatm

| flash evaporated to dxyneu. !hd m:l.dwo yu tlun thhqup




in 80% ethanol for éhro-atqgtaphy. ' .
' ¢

1. gyxromatoqraphic ‘Analysis ‘

The extracts were chromatographed on thin~-layer )

plates coated with cellulose. The blates were prépared by
mixi.ng 27 g of cellulose povder (Avicel SF, ‘F.M.C. Coxp.,
Penn.) wi.th 120 ml of distilled vater in a blendor for ome
minute and spreading the mixture, 0.3 cm thick, .on five |
20 X 20 cm glass pla,‘tes using a spreader (Desaga, He:.delberg,
Germany). The plates were air-dried overmight before use.

'l'hg solvent system used for the separation of the phenol:.c . “

T e

compounds con'sisted of benxene-aceta.c aci.d—vater (10:215:1),

which formed a single phase. ' ' *

v

Previous assays wit) different solvent mixtures -

showed that this ratio offered optimum separatieh of the | Q
phenolics in the extract. When two—dinensional chromato- ;

-« L
graphy was perforn% 15& aqueous acetic acid was used for -
the second direction.. - . o E

¥

R Nitrobenzene»ondation of the Alcohol-Insoluble Residue K

The cell wall *res:ldue before being analysed for
lign:l.n momrs was thoroughly exttacted in a soxhlet with
95% ethanol. cthanol-benzene mixture (1:1)aand pure bepxene,, ..

‘ incoqnenoe, mordertoman extuct.im. 'rhe-ethod

rulcd for the doqradation of, ee:u. wall const:ltﬁcnts uas a %
‘-odiﬁcatim df) that of. sm and Blundell (1951}). l?i.fty ng '




»

@ ” ’ Cow ’
of the dry residue was transferred to P steei bomb together

with 2 ml of 2N NaOH and Zoul of n;.trobenzene. The mixture
was hea‘ted in & sand bath at 150°C for variops .,periods of
time ranging fror1330 min to 4 hours. The mixture vas
allowed to cool, diluted with water ,. ax)xd then extrgcted with
ether to remove the excess nitrobenzene. The aqueous layer .
was further ac:.dxfxed, flash evaporated to dryness, and the

residue was dissolved in alcohol for chromatography.

! ' M

9. Quantitaﬁxe_))eterhih‘ation of Phenolic Compounds

-

" The phenolic compounds were assayed by a direct

‘:_l_n;: sith fluorometric method (Ibrahim, 1969) using a Turner

Filter .Fluorometer model 111 (Palo Alto, Calif, ). *This
mstrument allows flnorometry of fluorescent coempounds :

directly on TILC plates. The plate holder is moved at a

fixed scanning speed (2cm/min) past the scanning slit which ..

has a fixed height (15 mm) and a variable width. 'l'he 110-
810 Uv-lamp was- combined with the 7-54 and 34A filterg for
primary activation vhile the 2A filter vas uséed foq‘ secon=
dary screening. '.l'hi.s combination gave an exitat:l.von peak at
\%Smx and an’ emisai.on peak at 4lSgu. The outputA of the

fluorometer was connected with a recorder (80:\?0 Riter II,
Texas listruments, Inc. ) with variablo chgrt lpeed which '
" transformed the fluoroneti:ic readings into two-&iuniionol:
peaks. The areas under tha peakn wore .

’
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determined from a standardqcurve which was prepared by o
running authentic samples of the known compound in the

' game manner. -

"
S

The chromatograms were prepared by band:.ng the ¢ -

‘
. ,”"{ .
gt e

—’j

extracts as narrow bands, 4 cm long, along one end of the

- L

e W

P
T R

. . : TLC plate. After development, the extract was resg_lved

"

‘ . 4
‘into bands of the constituent phenolics which were visuali-

-

o O , -
s TS ey aa s .
e Byt p tat A w Y At S, e T

ze9/ in UvV-light. The thickness of the bands did not exceed
the slit height of the instrument (15 mm). These bands
. were then assayed by scanﬂing along the 1en§t-h'of each band,
' which' ensured that the entire band was quant‘i"itat.ively

. measured. This method Qarfound to be superior to that of

. \ A . ! . %
measuring -single spots (Ibrahim, 1969) since a circulag ‘ B
spot ‘hag a tendency to spread much wider than a band during’

‘ chrmatogxaphy. o ;

o M
~10. Isotope Peediﬁ and Determination of Radioa&ivxty
& > '
) Duplicate .suspension cultures were administered. ( ,

.ander aseptic condit:[ona. 2uc1 of cinnamic acid-z-“c (sp. )
act;:l.( nCi/mmole, I.C.N. 'rracerlab. Irwine Calif.), per : é

.« . £lask. The initial i.nocul\m consisted of app:oximately O.S‘g :

T . fralh wei.ght cells_ obtained at’ the early stationary phase.
A ‘ 'rhc admlniatratiqn of label was ca.rried out at weekly inter-

val- in.oxder to etudy thc incorporation of the phenoldc :

: . acurlor into tke a.lcohol-nbluble f:;ation and cell wall = .
i ruiduc throughout tha entire P‘ind of culture growth. o




- ) I .

-~ - Twenty four hours after introduction of the\l‘fi‘bel, B

the celdls of a dupllcate sample (two culture flasks) were
o . flltered off and “thoroughly washed with water and cold ] :

. alcohol, wh11$ applyxn,g suction. The cells were then suc-
- ' » . cessively extracted with hot 95% and 70% ethanol and aliquots o

. from the combined extracts were coy.mte\ for radioactlvity

» determination. The chromatographed extracts were auto-

y Y radlographed &jfsrng Med:.cal x-Ray films (Kodak Royal Blue, T :
| : R‘.B. 2) and the vlett”er were, developed in, order to 1ocate\ /@
T : ’ the radioaq.ctj.ve com;;ou;xds. ‘ 1 / - ' "

N 4 ’ - The ‘amounts ofo caffeic ac'id"and its ester wer,:g,; \
3 . determ.ned by fluororﬂetry of tr:.plicate samples. The spots .

’ .
9.

g we.re then carefully scraped off the TLC plates and trans-
ferred to scxntillat:.on vials containing 2g of powdered

| N

. - s:.uca gei, in order to hold the cellulose powder into sus-

pension, and 15 ml of scintillatQ:on liquid: The latter

consisted of 5 g/1 2 S—dibhenyloxazol .(P.P..o. Spectra Fluor
T.M., Nuclear Chz.cago, Illinois) in spectral grade ~ﬁoluenl Lo

Aliqudts (ca. Smg) of the alcohol insoluble (cell |
wall) fésic}ue were cambusted in duplicates py means of the*

t . s .-y, ‘v o ¢ g
Schéniger flask method. . Six m].\ot phenylethylamine-methanol-

14;

.toluene .(1:2:1) mixture was uaed to absorb the 002. and

tnpl;cate-—ouq mJ. samples of the radioactive mixture were -

aaggdyed- for activity. -All radioactive saniples were counted
-~ ) N ' . o , . . R r A

& -
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trometer (Nuclear Chicago, i:llinois) at an efficiency of .

¢

o

“

ing a three-channel Unilux II liquid scintillation spec

1

us

ettt it

E
AT
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Fis
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~

i
e were converted to

Quench correction

3

}ninut

disifitegratigQns per minute (D.P.M.).

. Counts per

approximately 80%.
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* four-week-01d culture which was grown in the control mediwh, -

! ' EV.. .RBSULTS N . .
1. Growth of Perilla Suspension lt;‘u;li:u::e *

»

-

' SGrowth of Perilla suspension cultures was studied in

order to deternune the~duration of the growth cycle and
attempt to define the different phases of cell growth.
Duplicate samples were takeﬁl at weekly intervals and ;rere
assayeci for fresh weight, dry weight and.protéin cqntent.

The culture was initiated with an inoculum obtained from a

The latter contained 1.0 mg/l (5.4 uM) NAA and 0.1 mg/1
(0.47 uM) kinetin. The growth curves are presented on a
semi-logarithmic plot in order to define the growth: phases
and accentuate the early stages of protein synthesi's‘ and
phenolic formation. ,
The growth curves for fresh and dry we.ighi;s (Fig. 3)
.show a .lag phase of approxmtely one week, followed by an
exponential phase whiv.!l]8 continues for approximately two
weeks, at the ‘end of which it appears to 1level off reaching
the stationary phase. Growth analysis shows that there was
approxin;tely a 10-fold incrgpase in both fresh and dry A
weights at the early expomnential phase as co-pared with a
fold increase for the reliain:lng grouth period.
:igh cells reach the statfonary phase bf grawth after

three to four weeks in cultuye,’ ,tuay ,nmtthelun, mip .
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further period of two weeks. .,
Y ) :

As expected the growth of Perilla cells wgs charac-
. —————

terized by a rapid increase (approxbmately 3 to 5~fold) in

the level of soluble protein during early exponential growth

(Flg. 4). *This is evident whether the proteln content is

calculated per culture (Curve A), or per gram fresh weight

of cells (curve B). This was followed by a sharp decrease

in protein content durinofspe rest of growtﬁ cycle (curve B).

Evidently, when the results are calculateéd per culture, the

protein content appears to increase proport;onatqu with

-«

growth. This representation certainly may seem unrealistic
since late exponential and stationary cells usually grow Hy
expansion, rather than by cell division and increased dry

WEight ] J\l . . .
. # 5 L

- 0

2. Induction of Secondary Metabolite Synthesis

1

A number of attempts were made té induce anthocyanin
synthesis by Perilla suspension-.cultures. These attempts
included exposure of . the cultures to different light inten-
sities and photoperiods as well as exposure to low
temperature (ca. 12°c) during the dark per;ods.( Othar cul-
tures were established in order to determine the optimum

requirements for both auxin and cytdkinin in relation to

'growth of the culture and its potcnt:lal for ucondax:y mata.-

bolite syntheais.’ The same nutridmt.nadium wal~suppl:mnntqd
with different 1evels of gxouth -upn:anoel a! shown tnftho

2~ -
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,following table and the fresh dnd deygieigbhtsdofiduplicate.

samples weré determined at -weekly intervals. )

o~ ,

MWAA: - - - ~ Kinetin

Treatment T WSTA¥ = &g/l Molar

0.1 4.7x10 ' X

-

Control (C) 1.0 5.4X 10

~B
-7
-6

High auxin (HA) 5.0 2.7 X 10> 0.1 4.7 x 10

High kinetin (BK) 1.0 5.4 X 10°®

© 2.0 9.4X10

The growth curves of both lngh-anfin (HA) and high-
kmetm (HK) treatments are shown in Fxgure 5. These curves
show that the overall growth of the HA treatment compares
fairly well with that of the control: culture (Fig. 3),
whereas the HK treatment resulted in a dwx}aae in both
fresh and dry weights. Analysis of these curves (b!'iq. 5)
shows that the HA treatment produced approximately 9-fold
and 14-fold increases in fresh and dry weights compared with
'3- and 8-fold increases for the HK {:reat-ent, respectively
at the exponential phase. However, there was a rapid in-
crease in growth rate of the HA culture during the re-ainder
of growth which resulted in tissue yields comparable with
those of the control culturé. The HK treatment, on the &¥-®
other ‘hand, maintained a slow but steady growth rate thxough
out the entire period. '

It should be noted that while the kinetin concentra-
timusedwiththencultm:mzomugharthmthat
of the control medium, hmvn:, it multad in :I.ncrau.d
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" production of caff7oyl co-pounds as compared with the. control

cultures. HA treatment, on the other hand, caused a signi-

\ e

ficant reduction i phenolic production (see RJection IV, 7).

There was no formation of anthocyanin pigments in these N '_‘ ,
" experiments. .

' ~
3. Growth Habit of Perilla Cultures
7’

A suspension 'éulture of Perilla, grown in the control ;
medium consists of typically round o@lg v théugh s.om,e cells
may be oval or elongated in shape, with well defined nuclei T

\hndcytoplasm (Fig..6 a-d). 'l‘pe ce]j.ls‘ are surrounded by
thin walls characteristic of &Mcells.- The: culture : .
usually consists of a mixture of' free cells and cell clumps
of various sizes, depending on culture conditions and the -

stage of culture growth. The colour of culture is light
_brown though chloroplasts may be seen in young cells. This - .

colour hecomes increasingly moré brown as’ the culture ’ K 3
approaches ;enesc%nce. I ' | : - ffé

Stationary-phase cultures ﬁaually consist of about g ] §
80% free cells and cell pairs with tbaarmininq 26! con~ e ,"qi

sisting of cell clumps of various sim rangiug from few to ’
approxinately hundred cells. When an inoculm ot cells 1n TGS

3

' the stationary phue is ttansfurtqd to a fmh medium tht o o
' ) \
- proportion of free cells to cell cl.u-p- is appamtly X L
zevarsadsothatbythaeudotthengphucotmm ;

culture consists of appmiutcly ﬂnot cm:p- and mt :m»:
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"cells (Pig. 7a). During the exponential phase of growth

s (Fig. 7b) this proportion gradually shifts to yield the

ratio found at the stationary phase. , .

o . If a filtered inoculum consist:l.ng of a large prOpor-
tion of free cells 1s cultured in a fresh medium then growth : ' :.]
of the culture is cl}aracteri.zed by, an extended lag period. ]
This and the above observatibns may indicate that initia-
tion of cell growth in Perilla cultures ;akes place among
the large clumps and that the high _‘proporti'on, of free cells
observed at the stationary phase may be the result of their
slouth.ng off f’;o,\(the latgz clumps. Cgl; -division may be

DA i A i M
w e WO S T,

noticed in single fr?e cells (Fig. 6d) .or in gpall clumps
i (E:ig. 7a) consisting of few cells. It may be that these

cells, however. have been sloughed off from the large
. clumps during cell division. : . -

"x . It is interesting to note that.in HA cultures there
; ‘ appears to be, aé\all times, a higher proport:.on of cell

,‘ : clumps (Fig. 7¢) than in' the control culture.uluch is .
o | maintained until the stationary phase Of gtowth. The HK '
S éultures, on the other hand, maintain a population of )

apgroxintql&"lS% large clumps and 25% of small clumps and |
free célls‘thrbuqhout the culture beriod (Fig. 7c).

AR 4. Idmtiﬁca&m, of the Phtnolic cqnsﬂ.tuents of Perrilla - ‘ P
.ﬁ cultires N, . oy ~
s . '.l‘hc al l-coluble fraction:of Perilla‘cells was

% )

wbmwm—amxm ch:d-atography in oxder to
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reveal its phenolic constituents. 'The pﬁEnolic petter?

,(‘Fiig._ 8) was found to consist of two major fyluor'eséént
ccmpounds, 1,L' and,2, 2'  Three minor. spots were also visi-
ble in Uv-light, however their small concentration did not
allow for their identification. : " 7 P

The major compounds were identified as a caffeoyl
{3, 4—dihydroxycxnnamoy1) ester and free caffeic acid,
respectively. l;-:ach compound usua.lly appeared ‘agt two spots -
when chromatographed in aqueous solvents due to isomeriza-
'tion into tra.ns- (1gw Rf) and cis- (high Rf) foms.‘ Whereas
the bound form of caffeic acid (spot Qg ') - was susceptible‘

;

to mm alkaline hydrolysxs and yielded free caffeic acid,
.hydrolygis w:.th 2N HCP», for 10—15 min -did not liberate the

’ of the caffeoyl res:.due. Th s\ indica an- esterified,

phenolic moiety, Further hy t\ysis reffalted in destruction

rather an glycosylated nature Qf this compound. ', The: -
nlléa]line nydrolysis products were chromatograpﬁed in severa],
. solvents in order to identify the esterifying moiety. This
was done by examination of the TLC plates .in Uv-light and
‘the use of specifi& spray xédgents. Apart from caffeic acid, ’
no other phenolic moiety, cyclie oﬁ?ﬁnie ac}.d* (qu:lniq,
shikj.m.c) or sugar was found amonq the hydrolysis products.
‘]!he possibiiity‘cf/being chlorggenic (3-0—ca£feoquuinic)
ac1d iz’ also eliminated by Go-chromatography witn an ! _‘

duthent{c sample. It was concluded that th:l.s caf,feoyL
. . ) *
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compoundn is possibly a glucose ester where the sugar moiety
would be dest;oye;i during hydx;olyé'is with alkali. Further-
more, its high R values in aqueous solvents also supports
this view. . v
‘caffeic acld was identified by (a) co«-chromatography
"with an authentic sample (Light's Chemicals, Bucks, England)
in five different solvent systems, (b) fluorescence in UV-
light, (¢} colour reaction with diazotized sulfanilic acid
, reagent, (d) UV-absorption spectra in methanql and spectral
shifts with sodium acetate and box:'i;: acid (Fig. 9) and its
infra-red spectrum (Fig. 10). These results e imizqd
in Table 4. '

L
o Further ev1dence for the identity of%th compounds

14

as obtained by admim.sten.ng y_—-phenylalanme-uh C and

Honamic aéi&i-2-314c to one-week-old suspension cultures

unde'r aseptic congitions for 24 hours. Almost 803 of the
label taken up by the cells was incorp;wr&ed into both

' compounds in a ratio of approxi.nat:ely 2:1 for the ester and
free acid, respectively.; The. dynmics of their biosynthesis

is presented in a later section (see Section v, 8).
i

d.. ge;_gadauon of Cell Wall Residue

.8

\ ~
S 'rhe extrlctl’n ,-free cell wall residue was degraded

using the mit:ohenzm oxi.dation‘g mthod in an attnpt
to identify any phenolic coqonndo that may be. :anorporated

-
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n .
sf;
f‘i‘\‘\i ,' Table 4: Comparison of the chromatographic and spectral “’
characterist’ida of caffeic acid, isolated from g

S Perilla cultures with those of an authentic sample. -
L - Alkaline X
s ‘ ' hydrolysis Caffeic Authentic ;
- , . _product . . acid ; caffeic
i Characteristics (spot 1) (spot 2) ' acid - g
Rf values (x 100) in*: . . ¥
3 olvent A 46 46 46 ®
% Solvent B ) . 16 16 "5
Solvent C** . 58,75 58,75 57,75 3
; Solvent D . . 91 91 91 K
A Solvent E , 78 78 78 o i
ol . e
G UV-maxima (nm) h h ._sh 3
A ~ MeOH | 329,291° 328,290°"  328,293° 3
. MeOH + H,BO, , 360,315 360,315 ° 360,315
“jR-maxima (cm™l) 1590 T 1590 - .1600

- ; - 11440 ‘1440 1440 n

1275 1275 1275 g
Colour in UV-light (366 nm) . : . 5
- NH, vapors Blue ‘ -Blue Blue o

‘I ' ; i . ' 24
+ NH3 vapors Bright blue Bright blue Bright blue S

- 7

. Colour reaction with: ‘ ' 5 )

Diaz. sulfanilic acid Yellow Yellow Yellow

Diaz. g—nitroaniline/ o : -
EER ° . NaoH ~ Blue Blue Blue

.o . G ~ ) 3

1 . T

* Solvent systems: (v/v): A, Ben:ene-a&:etic acid—vater (15310:1) ;
B, s as in A (125:72:3); C, 15% Aqueous acetic acid;
. '« D, text-Butanol-2N HCl~acetic acid-water.(6:1:1:2);
. B, g=Butanol-acetic acid-water (4:11:2.2). -

“~

**Trans- and. cio-ismrs redpectively.
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into cell wall material. , After a number of attempts no L
typical lignin degradation products, namely vanillin and
s}ringaldehyde, were obtained. Ev;’.dently. the ab‘:sex:ce of

| ferulic (3-methoxy-4-hydroxycinnamic) acid (Fig. ?) in the’
soluble pool of phenolic compounds excludes the possibility
of recovering vanill from the cell wall degradatiox; ' .
products. : | I :

4 The cell wall residue was also hydrolyzed with 4N
NaOH at room f:eme’raii’ﬁre in order to qiberate :any phenolié -
compounds that may be esterified with cell wall po‘lysac;:ha—

i rides. Trace amounts of caffeic acid were observed on

1 chrcnatsograns of hydrolyzed extracts. Bowew)er, the incor-

poration of caffeoyl residues into cell’wall material has -

'been reported in a number of species (Brown and Neish, 1956;

Taylor and Zucker, 1966).

|

| . B .
o . 6. _The Content of Caffeoyl Compounds During Culture Growth
[ w . .
-

|

|

d .

* The content of both caffeoyl compounds , in cultures
grown in-the control nediu:; was determined a.s umoles
caffeic acid per culture (Fig. 11) or per gram fresh weight
of cells (Fig. 12), and was '‘expressed in relation to gtowth.
parameters. These experilents were repeated at least tvice
and both the patterns of growth and ghenolic . contents me
fonnd to be consistent.
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.parallels the growth rate of the suspension culture. Sta-

exponential growth. There is. approximately three-fold |
increase in the rate of 9ccumu1ation after one week in

culture as compaxéd with a 3-fold increase during the rest

of zculi:ure growth. This'rate of accul;ulation closely i

tionary phase cells exhibit not only a slow rate of phenolic

4 synthesis, but apparently begin to break and lose some £

phenolics to the external medium. Trace amounts of caffeoyl

T

EW

campounds were detected in the culture medium of stationary

cells.

4

When both protein and phenolic contents are expressed

1%

.
- [ .
PR Y

IR PITLIES AG

on fresh weight basis (Fig. 12) a different relationship

f
. ]
appears with respect to growth. Again, the content of

L . ‘e
PR T
S TR L S . A

caffeoyl compounds reaches its maximum at the early exponen- -

b > 1y Tt
b A g TOO Tt

tial growth, preceding that of protein. There is a sharp
de Qm e however, d\u:ai.ng mid-exponential phase, followed by

R ST
T L Mg}

o,
s

a low, but steady rate of accumulation throughout the remain-

ing g cyclé. When the increas{d tissue yield during

¥
- 13
R

exponential growth is taken into éonside_r,atiox{ , then such
apparently low rate of accuﬁxlation,,,actu&lly represents a
state of active phenolic synthesis.

“The characteristic feature of both situations (Figs. 11
ahd 12) is tha;:\ﬁ:itiation of caffeoyl synthesis takes place ‘-
during the lag phase and the maximum phenolic contert is.
attained during the early exponcntial phua of culture

l

growth, when both tissue y:lelds and proi:e:ln content oontinue TS
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to increase. It should be noted, howeve;:, that the presen-

tation of results on the basis of fresh weight offers more

realistic expression.of metabolite fo_rmatioxi in relation

>
U

to culture growth.

1
s
- L]

‘The: lffects of NAA - and xinetin Qn: the Content of- Ca.ffegx_}

canggeunds During Culture Growth

.

The effect of high levels of growth substances on
the conteat of both caffeoyl compounds is shown in Figure 13.
'The data in this fignre has been obtained f.r:om two sets of
experiments involving duplicate samples ‘and was &mnd to he
repr,odu’cible. Cultures grown with high kinetin (9.4 X 10-'5)1)
exhibited a gignificant increase in both caffeoyl compounds
over that of the control -(4.7 X 10~ IM) after one week in -
culture. Furthermore, HK resulted in the extension of the
peric;d over which éyntheéis of the esgyer takes place, |
esPec:.ally during exponential growth of the culture. )

A high concentration of NaA (2.7 X 10~ ll) « on the
‘other hand, resulted in a 60% reduction in the anount of
caffedyl ester during the first week of culture growth.
However, it maintaipned a higher rate of accumilation ' .. s
that of the control (5.4 X 107W) during exponential growth
of the culture. \'It is noticeahle ‘that, in allolt all cam, N
the amount of caffeoyl estct is usually h:l.gher than that o(
.the freé acid by a factor of 3 to. 5‘ e:pamly Gnrjm thc
pen.od of maximui accmlation
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s o o ", The overall effect of i.m;reasing the 1eupls of growth
v ~ ‘ substances (Fig. 14) is that auxian reduced, and cytokinin

- increased, the caﬁieoyl content of the cells dur:mg early L

A . exponential growth over that of the qontrol culture. '

~' » Furthermore, treatment wit@ -HK mair_xtained a higher level of
caffeoyl éompounds, 2 to 3 tgimeg ové:.; thaj: of tpe control,
o . during mid- an'd lgte exponential growth, 11;. should h‘é noted,
“‘i‘\ .. howeve'r_;" that regardless of the quantitative changes th
' wia's. nowa'lt)eratién in the.' attern of accumulation of the e )

; - compounds in relation to culture growth.

- . A N '

_ -8, Inco:poration of Cinnamic. aci.do-zé-uc Into Varions

rractions of. Perilla Cu es ) \\ . 3
m——_———- - . A -

. In this experiment, the labelled precursor{was

administered to duplicate suspension cultures at alfferent

stages of'growth and_were incubated for 24shour-peri s'.

The culq:urea wére ‘then analyzed for incorporation of 1 el ‘ .

into‘th‘e soluble fraction and cell wall residue, as well asm .

. the speciﬁ.c activities of caffeoyl. compounds. The rerxlts,

preaentad in Figure 15, 'hqw that there was a significant

1ncrease of 1abe1 incerporation into the ¥lcohol-soluble® -+
& fr,ac‘tion during the lag phaae of cell growth which reached

1ta maximum after one week in culture. This was followed by .

nha:p drop in act;:lvity' athen a slow. but steady decrease

throughout the reuh.:tn.)nj.ng‘,_ culture period. Such a pattern of -
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label distribution appears to be consistdnt with the accumu-
lation of caffeoyl compounds during culture growth (see

L ] ‘G

section IV, 6 and Rig. 12). ' = T .
' & In cohtrast with the high inco¥poration, of labelﬁinéo, ’
" . the eolubie fraction, the'alc#hol-insoiuble reéidue exhibited
a consistently low level of radloactlvity, except for a
slightglncrease near the eég*of growth. This may not bej l
unexpected, since the groﬁ*h of Perilla cultures proceede
without significant cell diffeFentiation or brganiéation.
The hafure of phenolicﬁEompounds which contribyte to the ; -
radlgactivity of the cell wall fraction could not be deter-~ 13
wmined, since alkaline\§§trobenzene ox;datlan sf the alcohol-
insolyble residue yielded none of the knpwn lignin- aldehydes.:; o
Howegiz, the recovery of small amounts of caffeic ac1d after |
alkallne hydrolysis of the wall fractton%é:aicates incor- o E

Jporat*ou of phenylpropan d moietiegs into cell wall mapepialb

| o . Regardless of the henées in Iabel incorporation - ‘ ';
| ¢ |  into the soluhle fractich during culture growfh, it appears
p that the specific activity‘bf bgth caffeoyl compounds exhibits
§§ " a slow, but steady ie;;éase throughout chlture growth (F1g. ; ff
s ;5). .This indicates active, de 22!2 synthesis of a large 3 g 3
* - pool of,phenolies, especially when the rate of their accumu—.
. lati;n during growih (Fig. 12) is taken into consideration - i

Y ~ 7- and would result in actual dilution of label.

P A
- ]
-

o
0. « @




. : Whereas the épeciﬂc_: activity of the ester form was

’

| two to four times highei'~ than that of thg free Acid during‘

the lag and exponential pha‘s;s of growth, both values lb ' ) :
.- ever, reach approximately equal levels ‘near the stationary

. ' phase :~, fﬁn_asé re;sults reﬁe_{:t the pool size of caffeoyl\c{-/

‘ < ;;opnds in relation to tissue ~y:.le1ds at this stage of.growth .

ﬁ f
acid during later growth stages. . . ‘ -

, * and suggest a possible tixrnovei: of both‘the ester. and fgeé '

- v »

. ) ‘ ¢

. . Y
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V. DISCUSSION

Suspension cultures of Perilla grown in a defined
nutrient medium exhibiéed typical groﬁth curves consistihg

of the lag,'exponential and stationary phases. These
AN ‘ oy
curves are sgsimilar to those'de;cribed for other suspension

d ‘cultures (Henshaw et al., 1966;Davies, i972a, Hahlbrock
3 . . ‘ J . “
’ et al., 1972). The doubling time for dry weight and protein .

‘/cqntént}of the control culture, at mid:pronential growth,
waifapproximacely qp;ee an four days rcspect%yely.v
Despite its tendency to forﬁ‘cell aggregates, this '
g;}ture offers the advahfage of undifferentiated, uﬁcrganized :
growth after pass;ng through several subcultures. The
morphogenetic expression of suspension cultures to form 5 -

(
embryoids (Steward et al., 1958/1969), shoots and roots

(Thomas and Street, 1970) and even plantlets (Thomas and Lo
Street, 1972) is not’ uncommon and depends upon, among other S
factors, tAe medium composition (Streec, 1969;Tazawa and ’
Reinbft, 1969) and the number of passaéés through ;hich‘the .
.'suapension hag been subcultured (Thomas and Street, 1972).

The unifommity in growth of Perilla cultures, especially in

presence of high levels of growth substances, is desirable-

for metabolic studies. -f N . -, Voo

. The loss of biosynthetic potential for perillanin

(Fig. 1), the- charhcteristic pigment of the species, may not
be unexpected. Hhen cells or\ﬁissues are cultured in vitro



S

' ? they are actually brought into a different physiological
state ‘characterized by resumption of growth by‘ cell divi- -
sion and cell expansion. Therefore, it ig, conceivable that:
tﬁe particular physical, chemical and physiolbgical environ- -
ment of the culture medium may exert certain restraints on
the l::iochemical expresgion of growing cells. Furthermore, »
several investigators have reported on the nuclear changes
- which occur in cu:.k’d tissues and cells (e.g. Patu and

.. Das, 1959; Mitra and Steward;~196};D'Amato, 1965, Lescure,
o ‘ - 1970). Such changes may ::] be responsible for the . ) T
altered blochenu.cal expression of in !_:!.1:59_ grown cﬂtures

(Kr:l.korlan and Steward, 1969) . ’ (

i3
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Caffeic acid was identified. with certainty in the.

A}

2

free and conjugated (ester) forms, though the non-phenolic

. . g
3 ‘ moiety of. the latter could not be characterized. Whereas
{ . ,
4 \ - .
esters of caffeic acid are widely distributed in plants, (

4 ‘ chlorogenic acid (3~0-caffeoylquinic) is however, consider

to be the most ubiquitous ester form (Sonjﬂe:kner , 1964

X

.
Lol
g

Ry

e
%)

S e
A

Other estérs have also been reported, suc ) as caffeoyl-
. R x .
. - shikimic, dicaffeoyltartaric and 3,5-dicaffeoylquinic acids &

= S (Téylor, 1965). However, it may.not be unexpected that the’

) . . . .
N\ ¢, , caffeoyl ester in Perilla cultures constitutes another, yet

x »

-

|
’r - unreported’ cox{ju;;atéd ,form.'v : ‘ -
A . The preaence of caffeic’ aci.d, in free ard bound
| forms, as the only phenolic metabolite of ri.Lla oells

L .. should bg considered a unique charaoteristic; since the

A
Y - : . 2 ©

©

Fig p,:': :{“i ‘f"t”: 3
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pathway of phenolic aci& biosygthesis, namely, shikimic-—+

Erpheﬁylalanine + trans-cinnamic + p-coumaric + 'caffeic ~—
ferulic + sinapic (g%g. 2} - which has been repeatedly demon-

strated with‘several species (see reviews by Neish,l1960,

1964{ Towers, 1964; Yoshida, 1969) -~ results in the accumu-

lationcof these coﬁ%ounﬁs, as well as their C6—Cl analoés, v
and their wide distribution in the plant kingdom. In con-

trast with this general situation, it may not be a mere

N

coincidence that Perilla cultures synthesize the caffeoyl%
: emoiéty as the only detectable intermediate and end producf \
in the pathway of phenolic acid biosynthesis. Furthermore,
. inspite of t@e fact that the caffeoyl residue fogms riﬁg-B
of anthocyanins (Grisebach, 1957) especially perillanin
(Fig. 1) the suspension culture, hdvever,'faiied to produce ‘
this cﬁaracgg;istic pigment under any of the culture cefdi-
tions prgviously described (Sect. 1V, 2). ﬁ&@
There is reasonable evidenge to suggest that some
metabolic products of phenoiic acid biosynthesis jin higher
_ plants may serve as effector molecules which inffiiﬂce induc-

b tion\qr'repressioh of enzymes that catalyze other biosynthe- .

tic pathways (Zucker et al., 1967) in a manner similam’%o

- - - £

v

-

that known in bacteria (Monod and Jacob, 1961). In barley,
A it has been clearly shown that the activity of phenylalanihe

ammonia-lyase (PAL), the first’ enzyme in phenolié‘biosynthe31s,

is inhibited by its prodnct, cinnamic acid, and by p-coumaric -

513}
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acid, a further metaboliite in the pathway (Koukol and Cogn,ﬂ
1961) . The potato enzyme was found to be evén mote sensi-

" tive than that of barley to c1nnamate (nav1r!pnd Hanson,
1966) . The fact that there were no major fluctuations in
enzyme synthesis or the amount of cinpamate formed, implied
both a repression of synthesis and a feedback inhibition bf
enzyme aptivitj.by cinnamate (Havir and Hanson;\1Q§6).“
Except for PAL, which has been extens}vgly studied, the

enzymes involved in ‘anthocyanin synthesis are not well known.

Thus, it is conceivab}e, that some requlatory mechanism
operates in Perilla which results in blocking both antho—~
. cyanin formation and further production of other hydro§y—
c;nnamic acids. The nature of such a mechanism deserves
'further investigation. '

b The resalts obtained in this investigation cleatiy
indicate that the‘ability to synthesize caffeoyl compounds

by Perilla is almost restricted éo,lag phase and early-

exponential phase cells, although not to the complete exclu-

sion of later phase cells (Fig. 12). This is shdwn by the
rates of 1ncorporatlon of cinnamate label into the alcohol—
soluble fraction and the specific activities of ‘both
caffeoyl compounds (Fig. 15). Their -a‘ximm’accunulation
durin§ the early-exponential phase, which ﬁieceded maximum
growth, 13 impressive and indjcates that such co-pounds may
.be essent1a1 for mediation of culture jﬁbuth, as has been.

T
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frequently suggested (Sondheimér, 1964; Zucker et al., 1967
and references ctsed therein).j’ﬂcwever, the signlflcant drop
xn tﬁe rate of phenolic synthesis at mid-exponential phase
may be the result of continued protein formation in support
of active growth. This, evidently, causes limitation on the/
availability of carbon for phenylpropanoid synthesis. Thea

" intimate relationship betwen nucleic acid and pfotein synthe-
sis on the one hand, and phenylpropanoid biosynthesis on the
other (Davies, 1972b), may provide a mechanism for regulating
- the fiow of carbon into primary and secondary metabolites in

ﬁerilia cultures. &mhe slow rate of accumulation of caffeoyl

compounds ‘during late-exponential and early-stationary growth:’

is not unexpected since the sugar lével in the nutrient
medium becomes a liﬁiting factor and its deficiency contri-
butes to concomitant limitation of growth‘anq‘phenolic
~gynthesis. Similar results have been recentiy reported with
polyphenol production in Paui'e scarlet rose suspension

Ed

'cultur' (Davies, 1972a). )

The degree of label lncorporat;on into the soluble
fraction and the specific activities observedffh both
caffeoyl compounds (Fig. 15) are indicative of'active .
" phenolic sfhthesis'end reflect the pool size of bﬁgh cﬁéé

pounds curing-culture growth. These results are consistent
with the view that phenylpropanoid synthesis proceeds via

the conjugated, or ester forms, rather than the free acids
-2

v
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(Nelsh, isso, 1964; l‘owers, 1964; Zucker et al., 1967). .
The presence of free caffeic acid in Perilla cultures,
- therefore, may be consi.dered a breakdown product of J.ts con-
| Jugated form. However, the significant increase in specefic
activity of the former compound, as compared with that of T
‘the latter, Ja't mi&-exponential growth may suggest a state ““"“b““
[ - of turngver, especj:ally when the pool sizes of both com-~ :
pouﬁds in thé control culture (Fig. 12) and their probable '’
'ixicoréoration into cell wall material (see later) are taken
into consideration. Turnover, if it exists ,’ would be masked
by the increased synthesis of the ester form near the end L
of cult:ure growth. In order to detergninejﬁeh rate of
t:_urr:ox?er , pulse-labelling would be difficult to achieve with

suspension cultures since thorough washing of cell éuspeng’iqn A

and their tranéter to fresh media resultg in a state of A

osmota.c shock -

.
. s
Oy e d S

. The extent of incorporetion of cinnamate label into

W on 1l $ooats

cell wall maten.al (Fig. 15) may. provide an estimate of
the contribution of phenylproganoid precursors to the non- A

I « t
.

. lignified cell walls of Perilla. This poses a q;zestion as
to the nature of phenolic conpoimd(s) ’incorporat,ed iiiﬂ:o tfh,e'
cell wall ;Eractio:;. It vﬂould ceivable to Wr
any activity from the doqradation products of cinnamoyl or
caffeoyl moi.eties hadv they been. incorporated into cell wall

‘-material, sinoe they were labe'lleﬂ in C, of tho t:htce-carboh
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N / 3
side chain. Whereas lignin degradation products were not

obtained from the cell wall fraction (Sect. Iv, S5), however,

‘ﬁild alkaline hydrolysis of the extractive-free, cell wall ,

\

residue yielded small amounts of caffeic acid. This indi-

cates that caffeoyl re81dues actually partic1pate, to some

- — - e

extent, in the formatlon Qf wall material of Perilla cells
possibly by cross-llnking with existing polysaccharides. {
Such process would also account for the turnover of caffeoyl
compoun@s during culture growth. Similar findingsgﬁave been

reported with a number of intact ﬁissues'fardwn and Neish,

- 1956; Basyouni, et al., 1964; Taylor and Zucker, 1966).

There is also the possibility that some labelled cinnamoyl

(S

residues, which are in contact with the outer surface of

cells, would bind chemically to cell wall material and con-

tribute in part, to the radioactivity of the alcohol-

insoluble residue. The extent of incorporation would
depend on;the difference in accesstbility of the cxpgenously
supplied (cinnanoyi) and endogenocsly égrmed {caffeoyl)
molecules to the sites of polymeri;ation, namel; the prim%ry
and secondary cell walls. “

The effect of incr?ased'lcyels of‘growth substances
on the regulation of caffeqyl synthesis in Perilla cultuves ~
proved to be of considerable interest. The increased'face
of phenolic accumulation at a high cytokinln level is con-

sistent with the reports of anthocyanin formation in;

C
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, b . .
suspension cultures of Haplopappus gracilis (Constabel et al., .

3
1971), callus cultures of a numbgr of acyanic spdcies

< (Ibrahim et al., 1971), excised flower buds of Impatiens
bailsamina (Klem and Hagen, 1961), and of deoxyisoflavone
/ synthesis in soybean callus (Miller, 1969). Whereas the :
- Zliterature on the regulatory eff(ect of cytokim.ns in phenyl-
* propanoid synthesis seems to be lacking, kineti.xr)was reported“

to stimulate alkaloid production by increasing the rate of

e + ' synthesis of methy’ltransferase and extending the period of

- s, - .
T s L

steady-gtate synthesis by several days (Steinhar& et al., |
1964). The latter response is similar, in some respect. to i
that obtained with Perilla where a high ki in level ‘
resulted in an gxtensiop of the period‘ during which synthesis ‘
of t\hé caffeoyl ester 'takes place (Fig. 13). )
. ) In contrast with cytokinin, the effect of an increased
auxin level is to repreés caffeoyl synthesis and this is .
mdst noticeable during early-exponential grow\éh. {‘Simil& L
"effects have been reﬁ:orted on polyphenol synthesis in Paul's
, - scarlet; rose suspension cultures (Davieg, 1972a) ; production

of anthocyanxns in H. gracilis (Blakely and Steward, 1961;
) w Constabel et al., 1971) as well as the accumulatxon QE

O N RS

J ‘ .
nicotine in tobacco tissue culture (Tabata et al., 1971). / 3

' . . A common response of Perilla cultures to h:lgh levels

st

of e:.ther NAA or kinetin was an cj.ncrease -in the ratio of
> a
caffeoyl ester to the free acid, which amounted to/two- to”,
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functional role in growth and/or metabolism of this culture - .

_o~dihydroxy grouping, would regulate the activity of faA- S
“Sxidase system in. Perilla cells. The role of oddhinidiic

7 . . : - . 68 N

A . . . [y . i

¢ . - ¢
:.f . R N .,;

thfee-foid during mid-exponential grovth and /aQO—SQ% : -.
increase at the st#tionary phase above -that of .the control ’ E
culture (Fig. 13). Considering that the eaffeoyl‘este is | ’
the metabolically active form, it seems atttactzve to- K—’ B
suggest, thereforae, that the increased level of eithe;
growth substdnce may pre‘vent s to a certain extent, fjhe . .
breakdown of caffeoyl ester .to the free a‘cid, especially
during ‘active growth. Thi.s observation is in contrast with
the report on IAA-accelerated release of scopoletur from its
glucoside, seopolin, into .tpe medium of tobacco callus cul-~
ture, whereas a‘ high 'level of kinetin prevented the mle;se
of the coumarin (Skoog- and Montaldi, 1961).

. i{ the signi.ficance of phenylpropancﬁd compounds
in plant and metabolism nay still be a contraversial : ' '{%
subject, a speculation on the role of caffeoyl compounds R ) “%
in the growth of Perilla cultures is certainly appropriate. . :
The fact that this ubiquitous phenolic moiety constitutes '
the only detectable intermediate and end metabolite in ﬂj/e .

. pathway df p‘ixenylpropahoid biosynthesis seems to i.-ply a

SDZ reqblatory mechanism might have resulted in the forma-
ion of this phenolic metabolite, which by virtue of its %o
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phenols, especially caffelc acleg’in the lnﬁfttvation of IaA f °¢f
oxidase (thus acting as IAA-synergists), is.very velirdoca- - :
mented  (see reviews by Sondhelmer, 1964; Thimannhm1972;’ P
“Galston and Davies, 1970). Furthermore, it is qqnceivable . é
that the g;;;th of'Perilli may actually be regulatgf by . = ;%
its endogehogs (natuial).auXin, presumably IAA, fhﬁﬁe:\than h
the synthetic auxin,/NAA, édded to the culturenﬁedigm. In

such cases, the physiological level of IAA necessary to

Ao g

-4

i
ma{ntain culture-gré;;;—;gaia‘b dgulated by caffeoylr . L

compounds. The accumnlatxon of the latter observed at "the
,early-exponentlal phase, and prégeding active g:owth isl
in Qupport of this vigw. . s




‘ VI. SUMMARY - e
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N . 1. Squensidﬁ'éultureé of\Pertllatocymoidee L. were grown - .

- 2. - ‘ina defined medium contalning sucrose (3%), NAA (1 mg/1)
}. . /7 ' ' and kinetln (0.1 ng/1) . They exhiblted typical growth g

»

curves (freshiweight, dry welght and p;oteln content) .

I
y : '/' > which consisted of the lag, exb hential J%d stationary -
s ' (] f -~

- \:L_s/ ’ y . ’
' : : phaggs, and were similarc°to

ose described for other
. - © *  suspension cuitures. . 3 . : ' E
2. ‘The growth of the'culture wasfchargptergied by a llght ; : -

’ * v byown colour)and & high proportlgk (approx. 9:1) of cell ‘ |
clumps- to free cells @urlné the endxof}the lag phase. Y . .

. This progortlon'gradually changes as growth proceeds,

B PV S L

so that statiopary phase,gultures‘consist of about 80% ’

s
~
- o

. I free cells and 20% cell clumps. ngh levels of elther

- - auxid*or cytoklnin \\1ptained a hlgh‘proportiOn of ﬁﬁi)~

o' - glumps throughout the culture geriod. . & . :

. « e :3:_ Whereas suspension cdituree of.Perillallbee thehbiosyn— ‘
thetic potential fe}\berillanihr the chalaéterthic S . X;
\; / f anthocyanin pigment 3£ the species, however, they “accumu- .
. : "~ late caffeic acid both in the free and esterlfie? forms. R
’ Caffeoyl compounds were the only detectable 1ntermediates

. “and end metabolites in the pathway of phenylpropanoid " . . Y s

_biosynthesis.
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/The saximun accumu umula€ion of caffeoyl.compounds occﬁrred y

/ LI
durlngﬁearly-exp tlal growth and the ratio of the

3
.ester to free acld amounted to 4: 1. Maxxmum accumula-

¥

tlon .of phenolics preceded actlve growth of the cuiture,‘

) ’~'

Wthh 1nd1cates that such compounds may be essentlal
for mediation of culture growth.

5. TIrace amount of caffeic acid waq/%btaineo after mild
al‘gllne hydrolysis of the: extractive-free, cell wall °’

re51due. However,)alkallne nltrobenzene oﬁldatlon of
\

the latter gave nolulgnln degradatidh Pproducts.

N

L. ]
6. . The blosynthe51s of caffeoyl compounds from trans-

)

@

,)
The degree of label 1ncorporat10n Lnto the alcohol-
. soluble fractlon and the - spec1f1c actlblties observed

in bpth affeoyl compounds 1nd1cate active éynthe31s of

- [

‘$phenollc compounds and refiect their pool sizg .durind

\cell growth. The i?corporatlon of label 1ntb the

-

bl Y

' alcohol—lnsolublg residue is 1ndlcat1vé\2§ethe particl-
patfon oﬁ some phenylpropanoid m01ety i ell walIy,

. - . .

g formatlon. LT ) Y,

| 7.4 The effect of “high levels of NAA and kinetih -on the

¢ reguiatlon of caffeoyl 'synthesis was also investigated

- . The overallieffect was that auxin depresaed. and cyto- .
- .

klnig Znoreased, the phenolic content of the cells’ during

+ early—~& ponentlal growth. . Furthermoréy a high kinetin

cinnamic acxd—Z—lﬁg_ﬁas studied during culture growth. .

e yﬂ“\
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;¢>"8.‘ The role of caffeoyl compounds in the rggulation of thg

.o, level resulted in an extens;on of the perlod durlng

. t

of the éaffeoyl egper takes place. The

. s

whicﬁ synthes;s

!

idcrease of eieher growth shbs@ance, however , caﬂsed an

increase in the ratio of caffeoyl ester to free caffeic
Y
acid, especially during;mid-exponentiar growth. { -
‘ P . A v

« s

. - " v - ' . ’ » ’ . ’ .
" .endogenous level of auxin was discussed in relation to-

N . : . ; - -

their accumulation during culture growth. ’
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~. (Murashige and Skoog, 1962)°.
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