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A fter inhibition o f phenylalanine am m onia lyase by L-a-am inooxy-ß-phenylpropionic acid, 
the constitutively form ed form ononetin  7-0-glucoside-6"-0-m alonate is m etabolized with the 
isoflavone aglycone being used as an interm ediate in the elicitor-induced form ation o f  p tero ­
carpan phytoalexins in chickpea cell suspension cultures. In elicited cultures not treated  with 
the inh ib ito r phytoalexins are synthesized de novo from phenylalanine. Therefore, in chickpea 
cells the constitutive isoflavone conjugate m etabolism  and the elicitor-induced p terocarpan 
form ation  show m etabolic linkage under specific physiological conditions.

Introduction

The m ain phenolic com pounds o f chickpea 
(Cicer arietinum  L.) p lants and  cell suspension 
cultures are the isoflavones b iochanin A and for­
m ononetin  which predom inantly  occur as the 7 -0- 
glucoside-6"-0-m alonates [3], The enzymology of 
isoflavone conjugation and m etabolism  in Cicer 
arietinum  has intensively been studied [4-7],

N um erous investigations have am ply dem on­
strated the increasing im portance o f m alonyl con­
jugates in p lan t m etabolism  [8] because several 
classes o f secondary constituents, D -configurated 
am ino acids, end products o f pesticide degrada­
tion and interm ediates o f phytohorm one produc­
tion occur in m alonylated form . In addition to 
chickpea and o ther previously analyzed plants [3] 
very recent investigations also dem onstrated  that 
the isoflavones in soybean and  alfalfa mainly accu­
m ulate as the 7-0-glucoside-6"-0-m alonates [9, 
10]. Such m alonyl conjugates are clearly deposited

Abbreviations: L-A O PP, L-a-am inooxy-ß-phenylpro- 
pionic acid; PA L, phenylalanine am m onia lyase; PAX, 
phytoalexins; CH S, chalcone synthase; F G M , form ono­
netin 7-0-glucoside-6"-0-m alonate; BGM , biochanin A 
7-0-g lucoside-6"-0-m alonate.
* The data  o f this con tribu tion  are from  the D octoral 

Thesis o f U . M. [1] and have partly  been presented 
earlier [2].
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in vacuoles [11, 12] where they are thought to be 
stored as stable end products o f cellular m etabo­
lism [2],

In contrast to this assum ption the malonylglu- 
coside o f the 5-deoxyisoflavone form ononetin  
(structure Fig. 4) in chickpea tissue is in a state of 
perm anent turnover because substantial rates o f 
metabolism with a biological half-life o f approx. 
70 -120  h have been m easured [13]. Interestingly, 
the co-occurring biochanin A m alonylglucoside 
was shown to be m etabolically inert. The adherent 
aspects o f selective vacuolar influx and efflux have 
been reviewed [2],

U pon infection with the phytopathogenic fun­
gus Ascochyta rabiei or treatm ent with elicitors, 
chickpea plants and cell suspension cultures accu­
m ulate the two p terocarpan  phytoalexins medicar- 
pin and m aackiain (structures Fig. 4) [14, 15] 
which are im portan t com ponents o f the plant 
defense system.

These pterocarpans essentially as o ther phy to ­
alexins [16] are synthesized de novo from  early pre­
cursors o f prim ary m etabolism  [15]. The biosyn­
thetic sequence leading from  phenylalanine to the 
pterocarpans (Fig. 4) has recently been fully eluci­
dated in this laboratory  [15] and the essential en­
zymes which are all form ed by de novo synthesis 
[17] have been characterized from  chickpea plants 
and cell cultures [18].

A lthough the isoflavone form ononetin  acts as a 
central interm ediate in the biosynthesis o f medi-
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carpin and m aackiain (Fig. 4) the pool o f the con- 
stitutively accum ulating form ononetin  malonyl- 
glucoside rem ained unaltered at times o f massive 
p terocarpan  form ation in chickpea cell cultures. 
We therefore concluded tha t no m etabolic link ex­
ists between the constitutive routes o f form onone­
tin m etabolism  and the elicitor-induced p terocar­
pan biosynthetic pathw ay which m ight draw  the 
isoflavone from  the conjugate pool into phyto­
alexin form ation.

We have now extended our investigations on the 
regulatory pattern  o f constitutive isoflavone con­
jugate  turnover and elicitor-caused pterocarpan 
biosynthesis in chickpea cell suspension cultures. 
U sing the specific PAL inhibitor L-aminooxy- 
ß-phenylpropionic acid (L-A O PP) [19, 20] in com ­
bination  with feeding experim ents we tried to dem ­
onstrate w hether the form ation o f the pterocar- 
pans will always proceed com pletely de novo or 
w hether the dem and for the isoflavone interm e­
diate may not be covered from  the constitutive 
pool o f the form ononetin  malonylglucoside. The 
results obtained indeed show th a t under the specif­
ic conditions o f PA L inhibition the p terocarpans 
may be synthesized from  the preform ed isoflavone 
pool. Thus a m etabolic linkage between the two 
form ally independent routes could be dem onstrat­
ed. The adherent aspects o f the regulatory m echa­
nism o f this linkage are discussed.

Materials and Methods

Cell suspension cultures

Cell suspension cultures o f Cicer arietinum  L. 
cultivar ILC 3279 were grown in a modified PRL
4 c m edium  [21] under conditions previously 
described [22].

Chemicals

[U -14C]Phenylalanine (spec, radioact. 1.66 x 1010 
Bq/m m ol) and side chain [3-14C]cinnamic acid 
(spec, radioact. 2 x 1010 Bq/m m ol) were purchased 
from  A m ersham  Buchler (Braunschweig, F .R .G .). 
Ring A [14C ]form ononetin (spec, radioact. 
0.9 x 107 Bq/m m ol) was obtained from the insti­
tu te ’s collection. The translation  and transcription 
inhibitors cycloheximide and actinom ycin D were 
purchased from  Sigma (M unich, F .R .G .), L-a- 

am inooxy-ß-phenylpropionic acid (L-AOPP) was

a gift from  Prof. N. A m rhein (ETH  Zürich, Swit­
zerland).

Application o f  actinomycin D, cycloheximide and 
fungal elicitor

The required am ounts o f actinom ycin D and 
cycloheximide, dissolved in ethanol and filter steri­
lized, were applied to the cell cultures on day 3 of 
the grow th cycle. F o r cell culture elicitation 5 mg 
o f an elicitor p reparation  from  the phytopatho- 
genic fungus Ascochyta rabiei [23], dissolved in 
1 ml sterile water, were added aseptically. The con­
trol flasks were supplied w ith 1 ml sterile w ater or
5 mg elicitor in 1 ml w ater. 10 h after elicitation 
the cells and the grow th m edia were extracted for 
quan tita tion  o f the phenolic com pounds [22],

Application o f  L -A O P P

Cell cultures were treated  with 5 x 10“4 m 
L-AOPP  3 days after subculture. The inhibitor 
was dissolved in w ater and filter-sterilized before 
application.

A fter an incubation period o f 4 h, 5 mg o f an 
elicitor p reparation  from  Saccharomyces cerevisiae 
[24], dissolved in 1 ml sterile water, were added 
aseptically to the cell cultures. 10 h after elicitation 
the phenolic com pounds recovered from  the cells 
and the culture m edia were quan tita ted  by H PLC.

As controls were used: a) untreated  cell suspen­
sion cultures o f chickpea, b) cell suspension cul­
tures treated with 5 x 10“4 m L -A O PP and  c) cell 
cultures treated with 5 m g yeast elicitor w ithout 
previous L-AOPP treatm ent.

Feeding experiments

[U -l4C]Phenylalanine (1.5 |j.Ci) was added to 
chickpea cell suspension cultures on day 3 o f the 
grow th cycle. 8 h after application o f the rad io ­
active com pound, 5 x  10_4m L-A O PP was also 
added to the cell cultures and 4 h after this add i­
tion o f the PAL inhibitor phytoalexin form ation 
was induced by application o f 5 mg yeast elicitor. 
C ontrols were elicited w ithout a previous trea t­
ment with L-AOPP. The phenolic com pounds 
were extracted and quan tita ted  10 h after elicitor 
treatm ent.

Ring A [14C ]form ononetin (200,000 dpm ) was 
applied to the chickpea cell cultures also on day 3 
of the growth cycle. The PAL inhibitor L-A O PP
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(5 x 10“4 m ) was added 8 h after feeding o f ring A 
[l4C]form ononetin. After a further incubation pe­
riod o f 4 h, the cell cultures were elicited by appli­
cation o f 5 mg yeast elicitor.

10 h after elicitation the phenolic com pounds in 
the cells and the culture media were extracted and 
quantitatively analyzed. As controls were used: 
a) norm al untreated cell cultures, b) cell cultures 
after application of 200,000 dpm  ring A [,4C]for- 
m ononetin and c) cell cultures elicited after feeding 
of ring A [,4C]form ononetin w ithout previous 
L-AOPP treatm ent.

Extraction and quantitation o f  isoflavones and 
phytoalexins

Extraction of isoflavones, isoflavone conjugates 
and phytoalexins from cells and media was carried 
out according to K öster et al. [25]. The isoflavones 
and phytoalexins were quantita ted  by H PLC  tech­
niques as described [3, 25].

F or the additional determ ination o f radioactivi­
ty o f the isoflavones and the phytoalexins an 
H PLC apparatus coupled with a radioactivity 
counter (R A M O N A  5, ray test) was used.

Results

Inhibition o f  pterocarpan form ation with 
actinomycin D and cycloheximide

Chickpea cell suspension cultures established 
from cultivar ILC 3279 constitutively accum ulate 
substantial am ounts o f the malonylglucosides of 
form ononetin and biochanin A [22]. W ithout elici­
tation  the phytoalexins m edicarpin and m aackiain 
are only formed in trace am ounts if a t all. Elicita­
tion o f such cultures leads to rapid induction of 
p terocarpan biosynthetic enzymes [17, 26] and to 
accum ulation o f the phytoalexins (Fig. 1 a and 
1 b). The maximum o f this accum ulation is reached 
after some 10 h with the bulk o f the phytoalexins 
being found in the cell culture medium. In this re­
port data  for phytoalexin accum ulation are always 
given as the sum of m edicarpin (approx. 80% of 
the total) and maackiain.

This elicitor-induced phytoalexin biosynthesis is 
substantially suppressed by the transcrip tion in­
hib itor actinomycin D and the translation  inhibi­
to r cycloheximide (Fig. 1 a and 1 b).
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Fig. 1. Effect o f different am ounts o f the transcription 
inhibitor actinom ycin D (panel A) and the translation  
inhibitor cycloheximide (panel B) on the elicitor-induced 
accum ulation o f phytoalexins in chickpea cell suspen­
sion cultures. The control represents untreated cells. The 
bars (□  m edicarpin; ■  m aackiain) m arked “ + E ” show 
the effect o f elicitor only. 5 mg elicitor per 40 ml cell sus­
pension culture were given and phytoalexins were q u an ­
tita ted  10 h after elicitation.

Sim ultaneous application o f elicitor and either 
10“5 m actinom ycin D (0.5 mg/flask) or 10 4 m 
cycloheximide (1.2 m g/flask min) respectively, to 
the cell suspension cultures led to a 50% inhibition 
o f phytoalexin accum ulation. Treatm ent o f the cell 
cultures with 0.8 * 10~4 m actinom ycin D (4 mg/ 
flask) or 3.5 x 10“4 m cycloheximide (4 mg/flask) 
blocked the elicitor-induced phytoalexin accum u­
lation alm ost completely. This data  again supports 
the earlier reports that elicitation leads to both de 
novo synthesis o f enzymes required for phytoalexin 
biosynthesis and o f the corresponding m R N A s 
[17,27],

In these elicitation and inhibitor experiments 
(Fig. la ,  lb )  the level o f the constitutively formed 
form ononetin  conjugate remained completely un ­
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altered and even in the controls w ithout m olecular 
inhibitor FG M  appeared to be no substrate for 
phytoalexin form ation (data no t shown).

Experiments with [ ,4C]phenylalanine and L -A O P P

In elicitor-treated chickpea cell suspension cul­
tures the newly synthesized pterocarpan phy to ­
alexins are derived from phenylalanine as indicat­
ed by the efficient conversion o f [14C]phenylala- 
nine into the p terocarpans (Fig. 2 a). F o r this la­
belling experim ent the [,4C]amino acid was applied 
to the cell cultures a few hours prior to elicitation. 
However, this labelling o f the p terocarpans by 
[14C]phenylalanine was completely inhibited when 
the elicitor-treated cells were sim ultaneously a p ­
plied with 5 x 1CT4 m L-AOPP (Fig. 2b). Though 
pterocarpan  phytoalexins were still formed under 
these conditions (Fig. 2 b) the aforem entioned con­
centration of L-AOPP obviously com pletely 
blocked the PAL enzyme reaction in the chickpea 
cells.

Experiments with [ ,4CJformononetin and L -A O P P

In order to  investigate whether the form onone- 
tin-m alonate ester can indeed be m etabolized with 
the aglycone subsequently being used as an in ter­
m ediate for the elicitor-induced phytoalexin fo r­
m ation, feeding experiments w ith [14C]form onone- 
tin and inhibitory studies with L-AOPP were car­
ried out.

W hen [14C]form ononetin is applied to the chick­
pea cell suspension cultures the isoflavone is read i­
ly taken up and funnelled into the pool o f FG M . 
A fter some 8 h nearly 90% o f the applied rad ioac­
tivity could be found in the m alonyl glucoside o f 
form ononetin  (data not shown).

These results dem onstrate th a t the vacuolar 
pool o f FG M  can efficiently and selectively be la­
belled by the incorporation  o f [,4C]form ononetin. 
This observation provided the basis for the follow­
ing experiments.

If  elicitor-induced phytoalexin accum ulation 
will occur despite o f a com plete inhibition of the 
in troductory  enzyme o f the phenylpropane path ­
way by L-A O PP treatm ent, the observed phyto­
alexins m ust have been synthesized from  the pool 
o f labelled form ononetin  malonylglucoside. Q uan­
titative determ inations o f com pounds together 
w ith to tal and specific radioactivity will clearly 
prove this assum ption.

C hickpea cell suspension cultures pretreated 
w ith [,4C]form ononetin  were first incubated with
5 x 10-4 m L-A O PP and then elicited with an elici- 
to r p reparation  from  Saccharomyces cerevisiae 
[24] (5 mg/20 ml cell suspension). In parallel assays 
such pretreated  chickpea cultures were elicited 
w ithout the additional application o f L-AOPP. 
The phenolic com pounds from  the medium and 
the cells were separately extracted 10 h after elici­
tation . Isoflavones and p terocarpans were an a­
lyzed and quan tita ted  by H PLC  techniques cou­
pled with a radioactivity counter. Table I sum m a­
rizes the results o f these experiments.

A fter feeding o f [,4C]form ononetin the am ount 
o f the isoflavone m alonyl conjugate had increased 
from  150 nm ol/g fr. wt. up to 420 nm ol/g fr. wt. 
W ithout elicitation only very small am ounts of 
phytoalexins could be detected. Elicitation of the 
cells labelled with [l4C ]form ononetin led to an ac­
cum ulation o f 260 nmol phytoalexins/g fr. wt., 
while the content o f the form ononetin  conjugate 
had decreased to 200 nm ol/g fr. wt. D eterm ination 
o f the radioactivity o f the com pounds showed that
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Fig. 2. H PLC  chrom atogram s recorded by UV 
absorp tion  (upper panels) and l4C radioactivi­
ty (lower panels) o f the p terocarpan phytoale­
xins (PA X) isolated from  the culture medium 
o f chickpea cell suspension cultures. A: after 
application o f [l4C ]phenylalanine followed by 
elicitation; B: after application o f [l4C]phenyl- 
alanine, subsequent elicitation but p re trea t­
m ent o f cells with 5 * 1 O '4 m  L-AOPP.
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Table I. A m ount, total radioactivity and specific radioactivity  o f the cellular formo- 
nonetin  7-0-glucoside-6"-0-m alonate (F G M ) and o f the elicitor-induced phytoale­
xins (PAX) m edicarpin and m aackiain after different feeding o f  [l4C ]form ononetin, 
application o f L-AOPP and o f  elicitor (n.m.: no t m easurable).

A m ount T otal radioactivity  Spec, radioactivity
[nmol/g fr. wt.] [dpm] [dpm /|im ol]
FG M  PAX FG M  PAX FG M  PAX

Pool in untreated cells 150 n.m. _ _ _ _
Pool after uptake of 
[l4C]form ononetin 420 21 120,000 n.m. 107,000 n.m.
Pool after uptake of 
[14C ]form ononetin and 
addition  o f elicitor 200 260 70,500 54,800 103,000 66,700
Pool after uptake of 
[l4C]form ononetin and 
addition  o f elicitor and 
L-AOPP 154 210 66,500 56,000 116,000 94,000

the synthesized phytoalexins were radioactive. A l­
though the phenylpropane pathw ay had not been 
blocked by L-AOPP a portion  o f the phytoalexins 
was not synthesized de novo but ra ther formed 
from the form ononetin-m alonate ester pool. The 
radioactivity data show that some 70% o f the phy­
toalexins had been derived from  the form ononetin 
conjugate with the residual 30% being synthesized 
de novo. One reason for this observation may have 
been the unphysiologically high form ononetin- 
m alonate ester content o f the cells due to the feed­
ing o f [l4C]form ononetin.

Cells which were elicited after feeding of 
[14C]form ononetin and L-AOPP treatm ent accu­
m ulated nearly 210 nmol phytoalexins/g fr. wt. 
(Table I). Elicitation resulted in the form ation of 
highly 14C-labelled phytoalexins. This am ount of 
phytoalexins must have been derived from  the 
m alonate ester pool exclusively because sim ulta­
neously to phytoalexin accum ulation the concen­
tration  o f the malonyl conjugate decreased from  
420 nmol (measured after [14C ]form ononetin ap ­
plication) to 154 nm ol/g fr. wt. 10 h after elicitor 
application. Q uantitation  o f total and specific 
radioactivity of the form ononetin-m alonate ester 
and the synthesized phytoalexins (Table I) provid­
ed conclusive evidence that the form ononetin  con­
jugate was the source for phytoalexin form ation. 
This is clearly corroborated  by the fact th a t the 
phytoalexins accum ulating under these experim en­
tal conditions showed nearly the same specific 
radioactivity as the form ononetin  conjugate.

Elicitation o f  chickpea cell suspension cultures after 
L -A O P P  treatment

In order to eliminate any possible negative influ­
ence o f the pretreatm ent o f cells with [14C]formo- 
nonetin  on isoflavone and phytoalexin m etabo­
lism, a second experiment w ithout labelling o f the 
form ononetin-m alonyl conjugate pool was per­
formed. Cell cultures at the 3rd day of growth were 
treated with 5 x 10“4 m L-AOPP for 4 h and then 
elicited w ith the elicited preparation  from S'. cere- 
visiae. As controls were included a) norm ally 
grow n cell cultures, b) cell cultures only treated 
with L-A O PP and c) elicited cell cultures w ithout 
previous L-A O PP application. In these parallel as­
says the cellular levels o f F G M  and BGM  together 
w ith phytoalexin form ation were measured over a 
period o f 36 h. The results are shown in Fig. 3.

In the untreated  control cells the expected 
grow th-linked increase o f FG M  and BGM  [22] 
w ith no phytoalexin form ation was recorded. 
L-A O PP treatm ent o f cells showed no inducing ef­
fect on phytoalexin form ation but resulted in com ­
plete cessation o f the accum ulation o f FG M  and 
BGM  obviously due to PAL inhibition. Elicitation 
o f the cells in the absence o f L-AOPP led to an 
accum ulation o f approx. 170 nmol phytoalexins/g 
fr. wt. which were obviously no t derived from  
FG M  because the pool o f this conjugate showed 
no significant change. In the later phases o f the ex­
perim ent both  FG M  and even BGM  significantly 
increased m ost likely as a result o f stim ulation o f 
isoflavone biosynthesis.



48 U. M ackenbrock and W. Barz • F orm ation  o f P terocarpan Phytoalexins

----1----------- 1------ 1-----------------------r—
-U 0 10 16 36
AOPP E TIME [h]

Phytoalexin accumulation according to treatment

a. + L-AOPP: 9 nm ol/gfr.w t.
b. + elicitor: 170 nm ol/gfr.w t.
c. + L-AOPP: 72 nm ol/gfr.w t.

+ elicitor
Fig. 3. C hanges in the cellular level o f form ononetin  
7-0-glucoside-6"-0-m alonate (FG M ) and biochanin A 
7-0-glucoside-6"-0-m alonate (BG M ) together with 
phytoalexin accum ulation in chickpea cell suspension 
cultures after L-AOPP treatm ent, elicitor application 
and sim ultaneous treatm ent with L-AOPP and elicitor. 
Phytoalexins were quantitated  10 h after elicitation. A r­
rows indicate time o f application o f inhibitor (A OPP) 
and elicitor (E).

Inhibition o f the PAL reaction by L-A O PP 
treatm ent and subsequent elicitation o f the cells re­
sulted in the form ation o f approx. 72 nmol phyto- 
alexins/g fr. wt. This phytoalexin accum ulation is 
correlated with a strong decrease of the form ono­
netin 7-0-glucoside-6"-0-m alonate ester from 
approx. 150 nm ol/g fr. wt. at the beginning o f the 
experiment to approx. 80 nm ol/g fr. wt. 10 h after 
elicitor application. This decrease o f 70 nmol 
quantitatively provides for the 72 nmol phy to ­
alexins form ed in this period. Therefore, inhibition 
o f phenylalanine am m onia lyase in elicited cells 
leads to a consum ption o f constitutive form onone­
tin conjugate for p terocarpan biosynthesis.

In these latter investigations the cellular content 
o f the o ther constitutive isoflavone o f chickpea.

the biochanin A 7-0-glucoside-6"-0-m alonate was 
no t affected by the jo in t action o f elicitation and 
L-A O PP treatm ent. This result indicates that there 
m ust be a very selective regulatory mechanism in­
volving the pool o f the form ononetin conjugate 
only.

Discussion

Phytoalexins are defined as antim icrobial com ­
pounds which are synthesized de novo upon infec­
tion or elicitor treatm ent [16], The adherent proc­
esses o f gene activation and synthesis o f specific 
m R N A  molecules and o f enzyme proteins in­
volved in phytoalexin biosynthesis have repeatedly 
been reported [18, 28-30].

O ur experim ents with the transcription and 
translation  inhibitors actinom ycin D and cyclo- 
heximide again show that in chickpea cell suspen­
sion cultures de novo m R N A  and protein synthesis 
are involved in the elicitor-induced form ation of 
phytoalexins. U nder norm al grow th conditions 
the p terocarpan  phytoalexins, m edicarpan and 
m aackiain are form ed de novo from  phenylalanine. 
U nder such conditions the pool o f the constitutive 
form ononetin-m alonyl glucoside which might 
have been used for phytoalexin biosynthesis 
rem ains totally unaffected (Fig. 2 a and 3).

U pon  application o f the PA L inhibitor L-AOPP 
we have, however, shown th a t in chickpea cells a 
regulatory m echanism  seems to exist which allows 
the consum ption o f a constitutively formed form o­
nonetin  conjugate for p terocarpan  phytoalexin 
biosynthesis (Fig. 2 a and 3). This conversion o f 
the isoflavone m oiety o f FG M  to  the pterocarpans 
(Fig. 4) has unequivocally been dem onstrated by 
the feeding experim ents presented in Table I and 
the com parative investigations summarized in Fig.
3. These data  taken together show that inhibition 
o f PA L, i.e. the form ation o f /-cinnamic acid is 
prevented, is a prerequisite for FG M  metabolism 
directed at p terocarpan  form ation (Fig. 2a, 3) and 
furtherm ore (Fig. 3, Table I) that the decrease o f 
F G M  and phytoalexin accum ulation practically 
proceed in a stochiom etric relation. Only if the 
FG M  pool appears to be overloaded with com par­
atively high doses o f form ononetin  elicitor-caused 
consum ption o f FG M  occurs upon mere elicita­
tion o f cells w ithout L-AOPP treatm ent (Table I). 
A n interesting feature o f the regulatory pattern in 
the depicted pathw ay (Fig. 4) is the observation
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Formononetin
7-Oglucoside

Ri = H ,R 2=OCh+3 Medicarpin 

Ri =R2 = -0 -C H 2 -0 -  Maackiain

Formononetin 7-Oglucoside 
6 - O -m alonate Fig. 4. Simplified scheme o f metabolic linkage 

between the constitutive isoflavone and the 
elicitor-induced phytoalexin m etabolism  in 
chickpea (Cicer arietinum  L.) cell suspension 
cultures. A com plete scheme o f the b iosynthet­
ic sequences is shown in [15, 17, 18].

(Fig. 3) th a t both vacuolar efflux and the conver­
sion reaction appear to be restricted to FG M . The 
sim ultaneously occurring conjugate of the 5-hy- 
droxyisoflavone biochanin A is clearly not m obi­
lized (Fig. 3) and furtherm ore, no increase in the 
very low levels o f biochanin A and its 7-O-gluco- 
side could be detected. Thus in accordance with 
our earlier studies [13] BGM  is not subject to tu rn ­
over. The mechanism regulating the differential 
vacuolar efflux of FG M  in com parison to BGM  is 
the subject o f our present investigations.

The m etabolic scheme shown in Fig. 4 requires 
the presence o f the enzymes for the attachm ent 
and for the removal o f the conjugating glucosyl 
and m alonyl moieties o f form ononetin. These en­
zymes have all well been characterized [15, 18] and 
they were expressed in the chickpea cell cultures at 
high activities during our experiments (data not 
shown).

In soybean L-AOPP application leads to a com ­
plete inhibition o f the accum ulation o f the glyceol- 
lin phytoalexins. This inhibition o f phytoalexin 
biosynthesis even resulted in a concom itant loss of 
resistance against Phytophthora megasperma f. sp. 
glycinea [31, 32]. After com pletion o f our investi­
gations reported here G raham  et al. [9] described 
that in P. megasperma-infected seedlings of soy­
bean the accum ulation o f the glyceollin phyto­
alexins is preceded by a substantial turnover of a 
h itherto  unknow n daidzein 7-0-glucoside-6"-0- 
m alonate. This 5-deoxyisoflavone functions as an 
interm ediate in glyceollin biosynthesis and its tran ­

sient accum ulation from  the m alonyl conjugate at 
times o f phytoalexin form ation is interpreted as in­
dicating that it is converted to the p terocarpans [9]. 
This assum ption involved th a t in soybean tissue 
phytoalexin biosynthesis is regularly sustained 
both by de novo synthesis [31, 32] and by consum p­
tion o f constitutive isoflavone conjugates [9], This 
is in real contrast to the data  obtained for chickpea 
cells in which de novo synthesis is the norm al 
source for phytoalexin form ation. Furtherm ore, in 
infected soybean tissue the co-occurring 5-hy- 
droxyisoflavone genistein is also liberated from  its 
m alonylglucoside conjugate [9] though it cannot 
be used for phytoalexin form ation. This is in fur­
ther contrast to the situation in chickpea where a 
pronounced difference in the m etabolism  between
5-deoxy- and 5-hydroxyisoflavones has been 
determ ined ([13], Fig. 3).

Further evidence for a m etabolic link between 
constitutive isoflavone m etabolism  and elicitor-in- 
duced isoflavone/pterocarpan biosynthesis is the 
observation (Fig. 3) tha t the cellular content o f 
FG M  is significantly increased when the rate of 
phytoalexin accum ulation has again decreased. 
Such an effect has also been detected in infected 
chickpea tissue (H öhl and Barz, unpublished) and 
thus the use o f the term  “constitutive” for FG M  
should not be taken to exclude elicitor inducibility.

As a suitable m odel explaining the regulation of 
the vacuolar efflux o f FG M  upon L-AOPP trea t­
ment the regulatory potential o f /-cinnamic acid is 
thought to be of im portance. This acid is know n to
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participate in the activation and inactivation o f en­
zymes of the phenylpropane pathw ay [33, 34], to 
regulate the m etabolic flux through this sequence
[35] and to affect gene expression by affecting 
translational activities o f enzymes such as PAL 
and CHS [36, 37], It is now postulated and the ob ­
jective o f present investigations tha t r-cinnamic 
acid is also involved in the regulation o f transport 
mechanisms at the tonoplast m em brane and that 
this effect will influence vacuolar efflux o f the for­
m ononetin conjugate. Thus, the cytoplasm ic con­
centration o f /-cinnamic acid which is p roportion ­
al to the rate o f the PAL reaction represents a reg­
ulatory param eter which is thought to  m odulate 
vacuolar influx and efflux o f FG M . It also rem ains 
to be shown whether the postulated regulatory 
pattern  will not involve elicitor-caused changes in
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