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1. Introduction 

Secondary aromatic plant constituents have re- 
cently been shown to be subject to catabolic reac- 
tions [l-4] . For cinnamic and benzoic acids turn- 
over has also been demonstrated i.e. elimination of 

two carbons atoms of the side chain with the first 
[2,5] and oxidative decarboxylation with the 
latter [6-81 yielding various substituted phenols. 
Furthermore, demethylation of methoxylated cin- 
namic acids has been observed [2,9-l l] together 
with a low percentage of ring-fission reactions [lo] 
for both benzoic and cinnamic acids. 

Demonstration of catabolic reactions and eluci- 
dation of their pathways in higher plants are severe- 

ly hampered by the necessity to work with asepti- 
cally grown plants [7,8, 1 l] ; low concentrations 
of themetabolites formed as well as extensive bind- 
ing of the phenolic substrates to ethanol insoluble 
polymeric structures [8, 121. Use of plant cell sus- 
pension cultures can be expected to circumvent 
some of the difficulties described. The rapid degra- 
dation of 2’,4,4’,6’-tetrahydroxy chalcone to p- 
coumaric acid and p-hydroxybenzoic acid respec- 
tively [ 131 as well as the notable formation of 
14C02 from phenylprop anoid compounds [14] and 
ring-labelled aromatic amino acids [ 151 by various 
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plant cell cultures provide evidence for this assump- 
tion. 

We report the results of studies designed to show 
degradation of various 14C-labelled benzoic and cin- 
namic acids. Cell suspension cultures of mungbean 
and soybean extensively and rapidly produced 14C02 
from such substrates labelled in carboxyl groups, 
methoxyl groups or ring carbon atoms. As measured 
by 14C02 production some of the reactions nearly 
went to completion indicating the superiority for 
such studies of cell cultures over intact plants. 

2. Experimental 

2.1. Methods 
Cell suspension cultures of mungbean (Phasedus 

aureus Roxb.) and soybean (Glycine max) were 
grown as described in previous communications 
[ 14,161. The cultures of mungbean were used on 
the 12th day and those of soybean on the 7th day 
after inoculation. The labelled phenolic acids were 
dissolved in growth medium and either autoclaved 
(15 min, 121’) or sterilized by filtration. 5 ml of 
substrate solution were pipetted into the cell sus- 
pensions (40 ml in 200 ml Erlenmeyer flasks) giving 
final concentrations ranging from low4 M to 
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Table 1 
Percent of radioactivity evolved as 14C02 from labelled catechol, benzoic acids and cimtamic acids by cell suspension cultures of 

mungbean. 

Compound added Percent of total radioactivity in COa (hr) 

3 6 9 24 48 72 

Sum of total 
radioactivity 
liberated as 

CD2 

(%) 

(A) 
(l).Catechol- 

(U-14C) 

(B) Benzoic acids 
1. Carbmy z- 14c 

(2) Benzoic acid 
(3) Salicylic acid 
(4) p-Hydroxybenzoic 

acid 
(5) Protocatechuic 

acid 
(6) Vanillic acid 
(7) Syringic acid 

2. MethyE14C 
(8) Vanillic acid 
(9) Syringic acid 

(10) 3,4,5Trimethoxy- 
benzoic acid 

3. Ring 14C 
(11) Benzoic acid 
(12) p-Hydroxybenzoic 

acid 
(13) Anisic acid 
(14) Protocatechuic 

acid 
(15) Vanillic acid 

(C) Cinnamic acids 
1. c-3-14c 

(16) Cinnamic acid 
(17) p-Coumaric acid 

2. Methyl-‘4C 
(18) p-Methoxycinnamic 

acid 
$3. Ring 14C 

(19) Caffeic acid 

- _ - _ 

2.1 0.7 0.87 
0.2 < 0.1 < 0.1 

9.2 1.6 0.2 

1.7 3.9 1.2 
36.3 1.0 0.2 
26.9 13.6 0.7 

- 
- 

- 

- 

- 

- 
- 

- 
- 

- 

- 
- 

- 

- 

- 
- 

- 
- 

0.2 
0.65 

2.9 

- 

5 X 10m4 M (0.3-1.0 CtCi). The Erlemneyer flasks 
were placed on a New Brunswick Gyrotory shaker 
(120 rpm) and in the dark a gentle stream of sterile 
air passed through the suspensions. 14C02 was col- 
lected in a mixture of ethylene glycol monomethyl- 
ether/ethanolamine (2: 1, v/v) [ 171. Suitable ali- 
quots of the absorbent solution were counted for 
radioactivity in a Beckman LS 100 scintillation 

0.17 

0.53 
0.4 

1.0 

2.2 
1.2 
1.5 

1.4 
1.4 

15.5 

< 0.1 

0.07 
0.00 

5.0 
0.12 

0.35 
0.9 

13.7 

2.9 

0.15 - 0.32 

0.64 0.25 5.09 
0.4 1.75 ca. 2.95 

0.5 1.1 13.6 

4.4 1.9 21.3 
4.5 3.8 47.0 
2.7 0.3 45.7 

0.7 0.6 2.7 
2.2 0.2 3.8 

1.4 1.0 17.9 

< 0.1 < 0.1 ca. 0.3 

0.05 0.05 0.17 
0.00 0.00 0.00 

2.4 2.0 9.4 
0.2 0.1 0.42 

0.27 0.19 
0.48 0.51 

9.5 3.5 

0.74 0.7 

1.01 
2.54 

29.6 

4.34 
_-- 

counter and counting efficiencies determmed by 
internal standardization (toluene-14C). All manipu- 
lations with the cell cultures were performed under 
strictly aseptic conditions and sterility of the cell 
suspensions controlled after each experiment by 
streaking aliquots of the solutions on standard nu- 
trient agar I (Merck). The petri dishes were kept at 
30” for 5 days. 
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Table 2 
Percent of radioactivity evolved as 14COs from labelled catechol, benzoic acids and cimramic acids by cell suspension cultures of 

soybean. 

Compound added Percent of total radioactivity in COa (hr) 

3 6 9 24 48 72 

Sum of total 
radioactivity 
liberated as 

(332 

(%) 

(A) 
(1) Catechol- 

(U-‘4C) 

(B) Benzoic acids 
1. CarboxyE14C 

(2) Benzoic acid 
(3) Salicylic acid 
(4) p-Hydroxybenzoic 

acid 
(5) Protocatechuic 

acid 
(6) Vanillic acid 
(7) Syrmgic acid 

2. Methyl-14C 
(8) VaniBic acid 
(9) Syringic acid 

(10) 3,4,5Trimethoxy- 
benzoic acid 

3. Ring 14C 
(11) Benzoic acid 
( 12) Anisic acid 
(13) p-Hydroxybenzoic 

acid 
(14) Protocatechuic 

acid 
(15) Vanillic acid 

(C) Cinnamic acids 
1. C-3-14c 

(16) Cinnamic acid 
(17) pCoumaric acid 

2. MethyE14C 
(18) p- Methoxycinnamic 

acid 
3. Ring 14C 

(19) Caffeic acid 

0.17 0.47 - 2.55 1.32 4.51 

0.0 
_ 

8.5 

37.2 
75.1 
75.4 

0.0 0.0 
0.1 0.1 

8.8 1.7 

6.75 3.5 
2.9 1.0 
8.2 1.2 

0.0 
0.52 

0.4 

- 
- 

- 

- 

0.0 

- 

- 
- 

- 
- 

- 

- 

- 
- 

- 
- 

- - 

- 

0.0 

- 

0.0 

- - 

- 
- 

- 
- 

0.0 
0.38 

1.0 

10.1 
2.1 
2.0 

0.6 
4.5 

4.2 

0.0 
0.0 

0.68 

7.1 
0.2 

5.8 
1.3 
1.0 

0.5 
5.8 

6.0 

0.0 
0.0 

0.23 

3.5 
0.17 

0.0 0.0 
0.32 1.42 

0.7 21.1 

2.6 65.95 
0.6 83.0 
0.5 88.3 

0.4 1.5 
4.4 14.7 

4.5 14.7 

0.0 0.0 
0.0 0.0 

0.2 1.01 

1.9 12.5 
0.15 0.42 

- 
- 

- 1.64 0.62 
1.72 1.06 

0.21 
0.44 

4.9 

0.95 

2.41 
3.22 

1.42 1.08 6.4 20.9 

- - 3.82 

7.1 

1.45 6.22 

2.2. Materials 
Benzoic acid(ring-14C), (carboxyl-14C), salicylic 

acid(carboxyl-14C) and cinnamic acid-(3-14C) were 
purchased from the Radiochemical Center Amersham 
and Departement des Radioelements, Gif-sur-Yvette, 
respectively. The syntheses and purification of all 
other labelled compounds have been described [9, 18, 

191. The ring labelled compounds used were uni- 
formly labelled in each carbon atom of the aromatic 
nucleus. 
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mime [min] 

Fig. 1. Km&ics of 
cell suspension cultures of mungbean. 

carboxyl-labelled p-hydroxybenzoic acid@, vanillic acid@ and syringic acid@ by 
14C02 formation by culture@ after addition of a second batch of vanillic acid. 

1 9.4%, 2 34.8%, 3 42.5%, 4 65.5%. 

15 30 45 60 75 90 lime (minJ 

Fig. 2. Kinetics of I4 COz formation from carboxyl-labelled vanillic acid@, syringic acid(@first addition of substrate), and 
syringic acid (0 second addition of substrate) by cell suspension cultures of soybean. Total 14C02 production: @ 57.1%, @ 

51%, @ 88%. 
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3. Results and discussion 

When catechol-(U-r4C) and specifically r4C- 
labelled benzoic and cinnamic acids are inoculated 
into cell suspension cultures of mungbean and soy- 
bean a strong formation of r4C02 was observed. 
Tables 1 and 2 summarize the results and it is ob- 
vious that both cultures posses the capability for 
ring fission especially demonstrated by the values 
for catechol, protocatechuic acid and caffeic acid. 
The actual degree of ring fission can be assumed to 
be much higher than indicated by the 14C02 val- 
ues because the metabolites formed are likely to 
be preferentially incorporated into cellular consti- 
tuents. The rate of decarboxylation is very pro- 
nounced in case of the multiply substituted ben- 
zoic acids. This phenomenon parallels earlier ob- 
servations with intact plant material [7,8, lo] 
though the values obtained with cell cultures are 
significantly higher. The observed demethylation 
reactions further provide evidence that plants can 
split alkyl-aryl-ether bonds also in benzoic acids 

[9,20] . In general, the soybean cell cultures when 
compared with the mungbean cultures are more ef- 
fective in metabolizing the various substrates used. 
The only exception being benzoic acid itself which 

is not oxidized by the soybean cell suspensions. 

The very high degree of decarboxylation observed 
with substituted benzoic acids (tables 1 and 2) ha.+ 
led to kinetic experiments. Fig. 1 shows the rate of 
14C02 formation from carboxyl-labelled p-hydroxy- 
benzoic acid, vanillic acid and syringic acid by mung- 
bean cell suspensions. After approximately 20 min 

r4C02 production begins and maximum decarboxy- 
lation is reached at 75 min. Some sort of induction 
process is indicated by the observation that a cul- 
ture which has once received vanillic acid (curve 2) 
can after a 24 hr lapse of time oxidize vanillic acid 
practically immediately and to a greater extent 

(curve 4). Soybean cell suspensions very efficiently 
metabolize carboxyl-labelled vanillic and syringic 
acid as shown by curves 1 and 2 in fig. 2. Within 
90 min some 57% of the radioactivity has been evolv- 
ed as 14C02 with maximum velocity between 20 and 

25 min. A second batch of syringic acid applied to 
the same culture after 24 hr is again oxidized much 
more rapidly (curve 3). Differences in metabolism 
of benzoic acids by soybean cell suspensions are ob- 
vious by the results obtained withp-hydroxybenzoic 
acid and protocatechuic acid as shown in fig. 3. In 
the case of protocatechuic acid maximum 14C02 
formation is not reached before 40 min while p- 
hydroxybenzoic acid is oxidized at a constant rate 
(compare table 2) not influenced by repeated addi- 

3 

io io i0 LO ii 9b l7me 

Fig. 3. Kinetics of l4 Coa formation from carboxyl-labelled protocatechuic acid@)and 
p-hydroxybenzoic acid after first @ and second@ addition of substrate by cell suspension 

cultures of soybean. Total 14C02 production: @ 25.9%, @ lO.O%,@ 9.9%. 
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tion of new substrate (curves 2 and 3). In the latter 
case other rate-controlling steps prior to decarboxy 
lation may be expected. 

In summary, our results show that plant cell cul- 
tures are useful systems for studying catabolic re- 
actions of secondary plant products. Further studies 
on the elucidation of the pathways concerned as 
well as induction and purification of the enzymes are 
in progress. 
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