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The extractable activities of thirteen enzymes of primary and secondary metabolism have been 
measured in chickpea (Cicer arietinum L.) cell suspension cultures after treatment with an elicitor 
from the fungus Ascochyta rabiei (Pass.) Lab. The cell culture, derived from the A. rabiei resistant 
cultivar ILC 3279, constitutively accumulated the isoflavones biochanin A and formononetin 
together with their 7-O-glucosides and the 7-0-glucoside-6"-malonates. After elicitor application 
the cells rapidly form the pterocarpan phytoalexins medicarpin and maackiain. 

Among the enzymes of primary metabolism only the glucose 6-phosphate dehydrogenase 
exhibited a significant increase in activity with a maximum four hours after application of the 
elicitor. In phenylpropane metabolism the activities of phenylalanine ammonia lyase and chalcone 
synthase were enhanced by the elicitor and exhibited highest levels after four hours. In contrast 
the chalcone isomerase activity was not influenced by the elicitor. A substantial enhancement 
occurred with the isoflavone 7-O-glucosyltransferase activity eight hours after elicitor application. 

The results suggest that in this cell culture the elicitor-induced biosynthesis of pterocarpan 
phytoalexins was accompanied with a rapid and transient increase of those enzyme activities 
which are located at branching points of related pathways, i.e. pentose phosphate cycle, general 
phenylpropane metabolism, flavonoid formation and isoflavone conjugation. 

In t roduc t ion 

Chickpea (Cicer arietinum L . ) is an impor t an t 
grain l egume of dryland agr icul ture in m a n y coun-
tries of Asia and Afr ica [1]. T h e main phenol ics in 
ch ickpea are the two isof lavones b iochanin A and 
f o r m o n o n e t i n [2] which p r e d o m i n a n t l y accumula te 
as the 7-0-g lucos ide-6"-malona tes [3]. T h e enzymes , 
catalyzing the f o u r react ions involved in the m e t a b o -
lism of isof lavone con juga te s [4] are i sof lavone 7-O-
glucosyl t ransferase ( I G T ) , i sof lavone 7-O-glucoside-
6" -0 -ma lony l t r ans fe rase , i sof lavone 7-O-glucoside-
6 " - 0 - m a l o n a t e malonyles te rase ( I M E ) and specific 
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ß-glucosidases which have all been charac te r ized 
[ 5 - 8 ] , 

T h e mos t impor tan t funga l disease of ch ickpea is 
Ascochy ta bl ight , which is caused by the d e u t e r o m y -
cete Ascochyta rabiei (Pass.) Lab . (syn. Mycosphae-
rella rabiei Kovachevski) [1]. A f t e r infect ion with 
A. rabiei the p te roca rpan phytoalexins med ica rp in 
a n d maackia in accumula ted in the resistant ch ickpea 
cult ivar I L C 3279 to high levels whereas the suscep-
tible cult ivar I L C 1929 p roduced only small a m o u n t s 
of these c o m p o u n d s [9], 

In our invest igations to elucidate the cul t ivar 
specific d i f fe rences in fungal resistance and in the 
ability to f o r m phytoalexins we have been using cell 
suspens ion cul tures of these ch ickpea cultivars. B o t h 
cell cul ture lines consti tutively accumulate the isofla-
vones , the glucoside- and the malonylglucoside con-
juga tes [10] in a pa t t e rn as known f rom the p lants [9]. 
F u r t h e r m o r e , t he cell cul tures show p ronounced cul-
tivar-specific d i f fe rences in the el ici tor- induced for -
ma t ion of phytoalexins [10]. Only the cul ture I L C 
3279 was shown to accumula te great amoun t s of phy-
toalexins a f t e r elicitor t r e a tmen t . 

Medicarp in and maackiain biosynthesis p r o c e e d s 
via the genera l pheny lp ropane pa thway with for -
m o n o n e t i n as a central in te rmedia te [11]. T h e cell 
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culture ILC 3279 offers a good object to study the 
metabolic reactions of the cells and the selectivity of 
the elicitor action with regard to isoflavone and 
pterocarpan biosynthesis. Investigations on other 
cell culture systems have shown that fungal elicitors 
lead to an induction of phytoalexin biosynthetic en-
zymes, but that they also influence various other 
areas of cellular metabolism such as ethylene forma-
tion or modifications in the cell wall structure 
[12-14], 

This paper demonstrates the effect of A. rabiei 
elicitor on the activities of thirteen enzymes of pri-
mary and secondary metabolism and on the phos-
phate concentration in the nutrient medium in this 
chickpea cell culture. Furthermore, the changes of 
various enzyme activities during the growth cycle of 
the cell culture are also shown. 

Materials and Methods 

Chemicals 

4-coumaroyl-CoA was synthesized as described 
[15]. 2-[14C]malonyl CoA (2.24 GBq/mmol) was ob-
tained from Amersham Buchler (Netherlands) and 
diluted with unlabeled malonyl-CoA (Sigma, Mün-
chen, F.R.G.) to a final specific radioactivity of 
1.11 GBq/mmol. 

Biochanin A 7-0-glucoside-6"-0-malonate was 
isolated from roots of chickpea and purified as previ-
ously described [3]. Biochanin A 7-O-glucoside and 
isoliquiritigenin (4,2',4'-trihydroxychalcone) were 
obtained from the collection of the institute. 

Glucose 6-phosphate, fructose 1,6-bisphosphate, 
glycerol 3-phosphate dehydrogenase/triosephos-
phateisomerase, NADH and cytochrome c were ob-
tained from Boehringer (Mannheim, F.R.G.). UDP-
glucose, isocitrate (D/L) and a-naphthylacetate were 
purchased from Sigma (München, F.R.G.) and 
NADP, NAD and Dowex 1 x 2 were obtained from 
Serva (Heidelberg, F.R.G.). Guajacol was pur-
chased from Schuchardt (München, F.R.G.) , 
biochanin A from EGA-Chemie (Steinheim, 
F .R.G.) and naringenin from Roth (Karlsruhe, 
F.R.G.) . 

All other chemicals were obtained from Merck 
(Darmstadt, F.R.G.) . 

Cell cultures 

The cell cultures of Cicer arietinum ILC 3279 were 
grown on modified PRL-4c-medium [16] as de-

scribed [10]. 2.5 g cells were transfered into new 
medium every 7 days. The suspension cultures were 
propagated in the dark at 25 °C in 200 ml flasks con-
taining 40 ml medium on a rotary shaker at 120 rpm. 

Elicitor preparation 

The strain of Ascochyta rabiei used for elicitor 
preparation was obtained from Centralbureau 
voor Schimmelcultures, Baarn, Netherlands (CBS-
number: 53.465) and cultured as described earlier 
[17]. The elicitor was prepared from the mycelium of 
the fungus after growth for 4 to 5 days according to 
Kessmann and Barz [18]. 

Treatment of cell cultures with elicitor 

A sample of 5 mg elicitor was dissolved in 1 ml 
water. This solution was autoclaved and added to the 
cell suspension culture (40 ml) under sterile condi-
tions. The controls obtained 1 ml autoclaved water. 

Preparation of enzyme extracts 

All extracts were prepared with fresh cells which 
were separated from the medium by filtration. Aldo-
lase (EC 4.1.2.7), Glc6PDH (EC 1.1.1.49), ICDH/ 
NADP (EC 1.1.1.42), peroxidase (EC 1.11.1.7), 
ANA-esterases, CHI (EC 5.5.1.6), PAL (EC 
4.3.1.5) and glucosidase (EC 3.2.1.21) have been 
measured in a crude extract which was prepared as 
follows: 4 g cells together with 2 g Dowex 1 x 2 
(phosphate) and 8 ml buffer (100 mM K 2HPCy 
KH 2 P0 4 , pH 8.0 containing 1.4 mM mercapto-
ethanol) were homogenized with an ultraturrax (Janke 
and Kunkel, Staufen i. Br., F.R.G.) 3 x 30 sec. After 
centrifugation for 15 min at 26,000 x g the super-
natant was filtered through glasswool and directly 
used for enzyme assays. 

IME, IGT and CHS (EC 2.3.1.74) were measured 
after ammoniumsulfate precipitation from the crude 
extract. Solid (NH4)2S04 was added within 15 min, 
the solution was stirred for another 15 min and then 
centrifugated for 30 min at 43,000xg. The precipi-
tate was dissolved in 2.5 ml buffer (see extraction 
buffer above) and desalted on Sephadex G 25 (PD 
10, Pharmacia, Freiburg, F.R.G.) . IME was meas-
ured in the fraction from 0 to 35% saturation. This 
fraction was free of ß-glucosidase activity which 
would hydrolyze the product of the IME-reaction, 
the biochanin A 7-O-glucoside. The IGT was meas-
ured in the fraction from 35 to 80% saturation and 
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the CHS was assayed in a fraction between 50 to 
80%. 

For determination of ICDH/NAD and Cyto-
chrome Cmin-oxidase the following extracts were pre-
pared: 7 g cells and 14 ml buffer (20 mM K 2HP0 4 / 
KH 2 P0 4 , pH 7.6 containing 1.4 mM mercapto-
ethanol) were homogenized with an ultraturrax (see 
above) for 5 sec. After centrifugation for 5 min at 
1000 x g the supernatant was centrifuged for 15 min 
at 20,000 x g. The pellet was dissolved in 5 ml buffer 
(20 MM K 2 HP0 4 /KH 2 P0 4 , pH 7.6 containing 5 M 
glycerin). This solution was sonicated (Branson B 
15-Sonifier, Titanoxid-microtip, grade 6) for 4 times 
10 sec each. 

Assays for enzyme activities 

All enzymes were assayed according to previously 
published methods with only minor modifications. 
The following enzymes were assayed by direct photo-
metric measurement. Glc6PDH and ICDH/NADP 
were measured by the increase of NADPH at 340 nm 
according to Bergmeyer [19]. The ICDH/NAD was 
assayed according to Cox [20] by monitoring the in-
crease of NADH at 340 nm. The aldolase was assay-
ed according to [19] by monitoring the decrease of 
N A D H at 366 nm. 

The cytochrome c-oxidase was assayed according 
to Wharton and Tzagoloff [21] by monitoring the 
decrease of reduced cytochrome c at 550 nm. Peroxi-
dases were assayed according to [19] by monitoring 
the H 2 0 2 dependent oxidation of guajacol at 456 nm. 
ANA-esterases have been measured as previously 
described [22] by monitoring the appearance of a -
naphthol at 235 nm. 

PAL was measured by monitoring the formation 
of r-cinnamic acid at 290 nm according to [23]. CHI 
was assayed by monitoring the disappearance of 
isoliquiritigenin at 395 nm according to [24]. The ß-
glucosidase was assayed according to Hösel and Barz 
[8] using a test buffer of pH 7.5 by monitoring the 
formation of /?-nitrophenol at 400 nm. 

The enzyme activities of IGT and IME have been 
determined using a HPLC procedure which was pre-
viously described [3]. IGT: The reaction mixture 
contained 130 pi buffer (200 mM TRIS/HC1, pH 8.5 
containing 40 mM mercaptoethanol), 10 pi of a 
20 mM-solution of UDP-glucose, 10 pi of a 2 mM-so-
lution of biochanin A in methanol and 50 pi enzyme 
preparation. The enzyme reaction was incubated for 
30 min at 30 °C and stopped by addition of 600 pi 

methanol [25]. Biochanin A 7-O-glucoside was sepa-
rated and quantitated by HPLC [3]. The ß-glucosid-
ase (see above) was not active under the assay condi-
tions of IGT and did not interfer with the IGT-assay. 

IME: The assay was performed using BGM as sub-
strate [7], The amount of biochanin A 7-O-glucoside 
was quantitated by HPLC. 

The CHS-assay was performed by using 2-[14C]-
malonyl-CoA and p-coumaroyl-CoA as substrates 
[26]. Naringenin was identified by TLC cochro-
matography (cellulose, Merck, Darmstadt, F .R.G.) 
in four solvent systems. 1) 25% ethanol, 2) 30% 
H O Ac, 3) CHC13: acetic ac id :H 2 0 10:9:1, 4) 
Butanol: acetic ac id :H 2 0 5 :2 :1 . 

Protein determination 

Protein concentrations were determined by using 
the method of Bradford [27] using bovine serum al-
bumin as reference. 

Extraction of cells and medium and analysis 
of isoflavones 

Extraction of isoflavones, their conjugates and 
phytoalexins from cells and medium were carried out 
as described previously [6, 10]. Phenolics were sepa-
rated and quantitated by HPLC [3]. 

Results 

Time course of enzyme activities during the growth 
cycle of chickpea cell cultures ILC 3279 

Chickpea cell suspension culture ILC 3279 had 
previously been characterized with regard to growth 
parameters, the accumulation of isoflavones, their 
glucoside and malonylglucoside conjugates and the 
pterocarpan phytoalexins [10] during a growth cycle. 
Growth-related changes of enzyme activités of pri-
mary and secondary metabolism were measured in 
this study during the growth period of 8 days. 

The enzyme aldolase, ICDH/NADP and 
Glc6PDH of primary metabolism and PAL, CHS, 
CHI, IGT, ß-glucosidase and IME of the secondary 
pathways were monitored. The data obtained with 
six of these enzymes are shown in Fig. 1. Glc6PDH, 
PAL, CHS, CHI and IGT expressed highest specific 
activities four or five days after inoculation into fresh 
medium. At this time the cells were in the late linear 
growth phase and contained maximum amounts of 
soluble protein (Fig. 1,A). In contrast the time 
course of IME activity (Fig. 1,H) was just reverse 
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Fig. 1. Fresh weight and protein content 
(A), accumulation of BGM and FGM 
(B), and time course of enzyme activities 
(C—H) during a growth cycle of chickpea 
cell suspension culture ILC 3279. Each 
point ( • ) represents the mean value of 
the specific enzyme activity from two or 
more enzyme assays. The two data points 
at each time interval stem from two sepa-
rate experiments which documents the re-
producibility of the experimental design. 

and expressed a minimum on day four and five of the 
culture period, ß-glucosidase activity was present at a 
constant level over the first seven days (data not 
shown). Fig. 1,B shows the accumulation of the 7-0-
glucoside-6"-0-malonate of biochanin A and for-
mononetin (BGM and FGM) during the culture 
period. They both reached maximum level on days 
four and five. Aldolase activity decreased rapidly be-
tween the third and fourth day whereas the activity 
of ICDH/NADP was nearly constant over the whole 
growth cycle (data not shown). 

In this investigation CHS was detected for the first 
time in chickpea cells using published assay methods 
[26]. Great care was taken to identify the 14C-labelled 
reaction product as the flavanone naringenin by 
cochromatography and radioscanning techniques. 

Repeated determinations of enzyme activities 
based on parallel extraction procedure demonstrated 
that the reproducibility of the data in Fig. 1 was with-
in 10% for Glc6PDH and appr. 30% for PAL, CHS 
and IGT. The observed differences are more likely 
due to variations in the cell cultures than in the pro-
cedures used for protein extraction or enzyme as-
says. 

Effect of elicitor application on enzyme activities 

To investigate how elicitor application affected 
changes of enzyme activities the polysaccharide 
elicitor isolated from A. rabiei mycelium [18] was 
added to chickpea cell suspension culture ILC 3279. 
Previous investigations [28] had shown that applica-
tion of elicitor at the early linear phase of growth 
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induced maximum levels of medicarpin and maack-
iain. Under these conditions maximum accumulation 
of the phytoalexins is reached 8 h after elicitor appli-
cation (Fig. 2). 

During the period of rapid phytoalexin accumula-
tion and subsequently for up to 24 h after elicitor 
application the enzyme activities of altogether 13 
enzymes (Table I) of primary and secondary meta-
bolism have been measured. 

Among the 7 enzymes of primary metabolism 
measured in these studies only GlcóPDH showed a 
significant increase in specific activity with a max-
imum 4 h after elicitor application (Fig. 2, A). After 
altogether 12 h the enzyme activity had again de-
creased to the control level. 

The level of activities of two enzymes that are re-
quired for phenylpropane and flavonoid metabolism, 
PAL and CHS (Fig. 2, B and C) rapidly increased in 
response to elicitor application and showed max-
imum activities after 4 h. The data in Fig. 2 further 
show the rapid subsequent decline in PAL activity 
reaching values below those obtained for the control 
assays and the comparatively much slower decrease 

in the enzyme activity of CHS. In contrast the activi-
ty of CHI was not influenced by the elicitor treat-
ment (Fig. 2,E). The isoflavone 7-O-glucosyltrans-
ferase (IGT) which is specific for the isoflavones 
biochanin A and formononetin [5, 25] was substan-
tially induced by the elicitor. The highest activity was 
reached after 8 h (Fig. 2 ,D) . On the other hand the 
activities of IME and ß-glucosidase were not influ-
enced by the elicitor (data not shown). Despite of 
significant elicitor-induced changes in the activities 
of several enzymes (Table I) the growth of the cell 
cultures was not affected as measured by fresh 
weight, protein content of cells or phosphate con-
centration in the nutrient medium (data not shown). 
No browning reactions of the cells after elicitor treat-
ment could be observed. 

The sensitivity of chickpea cell suspension culture 
ILC 3279 towards elicitor treatment varies greatly 
during a growth cycle. When the elicitor was applied 
either concomitant with the inoculation of cells into 
fresh medium or at the early stationary phase (day 7) 
the activities of both PAL and GlcóPDH were not 
significantly altered (Fig. 3) even though there is a 

m 
I 

16 24 0 
TIME (h) 

16 24 
TIME (h) 

Fig. 2. Accumulation of the phytoalexins 
medicarpin ( • ) and maackiain (A) (F) 
and changes of enzyme activities ( • ) 
(A—E) after application of Ascochyta 
rabiei elicitor to chickpea cell suspension 
culture ILC 3279. Elicitor (5 mg/flask) 
was applied on day three after inoculation 
of cells into new medium. Controls (O: 
enzyme data; • : constitutive level of 
medicarpin) were given sterile water. 
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Table I. Effect of glucan elicitor (5 mg/40 ml medium) from Ascochyta rabiei on enzymes of 
primary and secondary metabolism in ILC 3279 chickpea cell suspension culture. The elicitor was 
applied three days after inoculation of cells into fresh medium; controls were given equivalent 
amounts of water. 

Enzyme Enzyme reactions/pathways Effect of elicitor 
on enzyme activity 

Primary metabolism 
Aldolase glycolysis no effect 
Isocitrate dehydrogenase proton/electrontransfer no effect 
NADP-dependent in intermediary metabolism 
Isocitrate dehydrogenase tricarboxylic acid cycle no effect 
NAD-dependent 
Cytochrome-c oxidase respiratory chain no effect 
Glucose-6-phosphate pentosephosphate pathway 47% increase in 4 h 
dehydrogenase 
Peroxidase oxidation of phenolics no effect 
a-Naphthylacetate general acylesterase no effect 
esterase 

Secondary metabolism 
Phenylalanine-ammonia lyase deamination of L-Phe; starter 94% increase in 4 h 

enzyme of phenylpropanoid 
metabolism 

Chalcone synthase formation of naringenin; 65% increase in 4.5 h 
C15-intermediate of isoflavonoid 
biosynthesis 

Chalcone isomerase formation of 5-deoxyflavanone no effect 
ß-Glucosidase hydrolysis of isoflavone no effect 

7-O-glucosides 
Isoflavone malonylesterase malonatehemiester hydrolysis no effect 

of isoflavone 7-0-glucoside-6"-
malonate 

Isoflavone 7-O-glucosyl- 7-O-glucosylation of isoflavones 263% increase in 8 h 
transferase by UDP-glucose 

3 

E 2 

£ 2 
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Fig. 3. Specific activities of GlcóPDH and 
PAL in chickpea cell suspension culture ILC 
3279 after application of elicitor ( • ) at day 
seven of the growth cycle (upper graphs) and at 
time of inoculation of cells into fresh medium 
(lower graphs). Control flasks (O) received 
equivalent amounts of sterile water. 
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large change elicited in 3 day old cultures (Fig. 2, A 
and B). 

The activity of CHI at these two stages of the 
growth cycle did not change in response to elieitation 
(data not shown) as was also observed at 3 days 
(Fig. 2 ,E). 

Discussion 

Phytoalexins play a pivotal role in the defense 
reactions of higher plants against fungal pathogens 
[14, 29]. Homogenous populations of rapidly grow-
ing plant cell suspension cultures challenged with 
fungal elicitors represent suitable model systems for 
the biochemical elucidation of such plant defense 
reactions and induction processes of enzymes [13,29, 
30]. 

Upon elieitation the cell suspension culture estab-
lished from the chickpea cultivar ILC 3279 rapidly 
accumulates the pterocarpan phytoalexins medicar-
pin and maackiain (Fig. 2,F). This response has 
been observed as a long time stable property of the 
cell culture [10]. Furthermore, this culture has 
turned out to be a good source for the isolation of 
new enzymes involved in late stages of pterocarpan 
biosynthesis [31, 32]. The data obtained in this study 
with the various enzymes of primary and secondary 
metabolism are summarized in Table I. Elicitor ap-
plication at day three of the growth curve thus leads 
to specific induction of those enzymes which are di-
rectly or indirectly involved in isoflavonoid/pterocar-
pan biosynthesis (Fig. 2). Other areas of metabolism 
(glycolysis, citric acid cycle and the respiratory chain, 
respectively) are not influenced by this treatment 
(Table I). 

The cell culture ILC 3279 constitutively accumu-
lates the isoflavone conjugates BGM and FGM 
(Fig. 1,B). Maximum levels are reached in the linear 
growth phase. This period of the growth cycle is also 
characterized by maximum specific activities of PAL, 
CHS, CHI and IGT (Fig. 1, D - G ) . This observation 
points to a correlation between the accumulation of 
the main phenolic constitutents and the activities of 
enzymes involved in the biosynthesis. On the other 
hand, malonylesterase (IME), which is involved in 
the demalonylation of the conjugates and thus in the 
turnover of FGM [4, 7] possesses minimum specific 
activities (Fig. 1,H) at this time, ß-glucosidase activi-
ty showed no significant fluctuations during a growth 
cycle. 

Among the enzymes of primary metabolism only 
GlcóPDH expressed maximum activity at day four 
and five of the growth curve (Fig. 1,C). Further-
more, the chickpea cell culture responded to elicitor 
application with a 50% increase in GlcóPDH activity 
(Fig. 2,A). This enzyme catalyses the starter reac-
tion of the pentose phosphate pathway which yields 
erythrose-4-phosphate for the synthesis of aromatic 
amino acids. It is assumed that the enzyme is thus 
correlated with secondary metabolism (Fig. 1 and 2). 
In contrast, GlcóPDH activity is not increased in 
Phaseolus vulgaris cell cultures upon elieitation [13]. 
GlcóPDH, PAL, CHS and CHI all possess short 
periods of high activities shortly after inoculation of 
cells into new medium (Fig. 1). This increase in en-
zyme activity, most typically shown by PAL, is the 
result of the inducing action of the yeast extract in 
the PRL-4c chickpea culture medium [10] as shown 
by appropriate controls without yeast extract (Daniel 
and Barz, unpublished). 

In agreement with several other studies in plant 
cell cultures [review 14] the enzvmatic activities of 
PAL and CHS were readily increased by the elicitor 
application (Fig. 1, B and C, Table I). Maximum 
values for both enzymes were obtained after 4 h with 
maximum values for the phytoalexins being reached 
8 h after elicitor application (Fig. 2,F). These data 
seem to support the well known time course relation-
ship between biosynthetic enzymes and their prod-
ucts [13, 30, 33]. In connection with chalcone syn-
thase it should be mentioned that this enzyme cata-
lyzes the formation of phloroglucinol chalcone and 
not of the deoxychalcone isoliquiritigenin which is 
involved in medicarpin and maackiain formation 
[11]. Other reports on elicitor induction of CHS [13, 
33] have also presented evidence that a chalcone syn-
thase is rapidly stimulated though it is obviously not 
directly involved in the biosynthetic pathway of the 
phytoalexins investigated. 

GlcóPDH and PAL show significant induction in 
the linear growth phase, but not at the time of inocu-
lation or in the stationary phase (Fig. 3). Other inves-
tigations have also shown that the inducibility of cer-
tain enzymes greatly varies during a complete growth 
cycle [33, 34], This seemingly limited period of 
elicitor-caused enzyme induction in the chickpea cell 
culture is confronted with the observations (Daniel 
and Barz, unpublished) that phytoalexin accumula-
tion can be elicited at every day of the growth curve 
shown in Fig. 1. 
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The CHI activity which was detected by using isoli-
quiritigenin as substrate was not effected by the 
elicitor. The very high constitutive activity of CHI in 
comparison with PAL or CHS might be sufficient for 
isoflavonoid formation. In the cell culture of 
Phaseolus vulgaris this enzyme was induced after 
elicitor treatment [13]. 

In addition to the phytoalexins medicarpin and 
maackiain the level of the formononetin-7-O-
glucoside-6"-malonate FGM is enhanced [28, 35] by 
elicitor treatment of chickpea cell suspension culture 
ILC 3279. This observation readily explains the pro-
nounced increase in IGT activity (Fig. 2 ,D, Table I) 
because this enzyme is required for the formation of 
the intermediate formononetin 7-O-glucoside. Addi-
tional activation of the specific malonyltransferase 
[6] could also be expected. Formononetin functions 
as an intermediate in both phytoalexin biosynthesis 
[11] and isoflavone conjugate formation [5]. There-
fore, the substantial increase in glucosyltransferase 
activity might be a detoxification reaction for excess 
formononetin which is not required for phytoalexin 
production. A similar situation has been observed in 
herbicide-challenged soybean leaves [36] where a 
substantial increase in pterocarpans is accompanied 
by increased levels of isoflavone glucosides and a 
substantial induction of the isoflavone-specific gluco-
syltransferase. Furthermore, the two investigations 
[36, this report] also agree that maximum IGT activi-
ty is reached some hours later than observed for 
Glc6PDH, PAL and CHS and that the time period 
of high glucosyltransferase activity lasts much longer 
than for the three enzymes mentioned above 

(Fig- 2). 

The strong elicitor-induced accumulation of phy-
toalexins at day 7 of the growth curve (Daniel and 
Barz, unpublished) without the additional induction 
of Glc6PDH and PAL activities (Fig. 3) might be 
explained with our recent observation (Jaques and 
Barz, unpublished) that the cells from this growth 
phase synthesize the phytoalexins from isoflavone 
material obtained by the hydrolysis of FGM. 
Elicitor-treatment of chickpea cells at day 3 of the 
growth curve apparently leads to the induction of 
enzymes of phenylpropanoid biosynthesis and the ac-
cumulation of both pterocarpan phytoalexins and 
FGM. However, elicitor application to cells during 
stationary phase of growth seems to lead to phytoale-
xin formation at the expense of isoflavone conju-
gates. The regulatory pattern of this switch in cellular 
metabolism is represently under investigation. 

In general, the data presented in this report show 
that the chickpea cell suspension culture ILC 3279 
represents a suitable experimental system for investi-
gations on elicitor-induced changes in levels of sec-
ondary compounds and biosynthetic enzymes. The 
data especially indicate that enzymes located at 
branching points of related pathways readily respond 
to elicitor application. 
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