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Abstract-Marked changes m the metabohsm of hydroxycmnamlc acid denvatwes were observed m pulp and pencarp 
of tomato fruit 

with the car- 
boxyhc group (GE) or with one of the phenohc hydroxyl 
groups (GI) of HCA [ll] The variations of these 
components 
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Table 1 Amounts (nmol/g dry wt) of hydroxycmnanuc acid derwatwes m pulp and per~carp dunng growth 
(Gil and Gi6 stages) and maturation (b and R stages) of tomatoes 

Hydroxycmnarmc 
derlvatlves 

Pencarp Pulp 
Growth Maturation Growth Maturation 

G,z G,s b R G,z G,s b R 

Hydroxycmnamlc denvatlves 
Qumlc esters* 
Glucose denvatwes* 
Qumlc esters 

Chlorogemc acid 
Neochlorogemc acid 
pCoumaroylqumlc acid 
Feruloylqumlc acid 

Glucose esters* 
Caffeoylglucose 
pCoumaroylglucose 
Feruloylglucose 
Smapoylglucose 

Glucosldes* 
CaKelc acid 
p-Coumanc acid 
Feruhc acid 

5363 4772 5091 
4116 3360 2850 
1247 1412 2241 

4086 

23 
7 

268 
- 

75 
193 

979 
389 
490 
100 

3279 
- 

50 
31 

413 

73 
300 
40 

999 
761 
238 
- 

2718 

66 
66 

514 
- 

72 
395 
47 

1727 
1226 
501 

3343 11690 
1524 10535 
1819 1155 

1352 10511 
- 

100 8 
72 16 

877 68 

70 68 
721 - 
86 - 

942 1087 
726 408 
216 679 
- 

10097 5081 3070 
8245 3333 1782 
1852 1746 1288 

8064 
81 

100 
- 

50 
+t 

50 
- 

2992 
193 
148 

96 
54 
42 

1365 
387 

30 
- 

326 
296 

30 
- 

- - 

1802 1650 
1403 1102 
399 548 
- - 

- 

962 
512 
450 
- 

In every case the coefficient of vanatlon, estimated from 10 different experiments, was less than 10% of the 
total 

*Total amount of hydroxycmnamlc acid derlvatlve 
TTrace component 

over the entire growth period and reached a maximum at 
the G16 stage (Fig 1) 

The OMT actlvlty rose sharply m pulp during growth, 
yet varied little m perlcarp In contrast, it decreased 
strongly m pulp and slightly in pericarp during matu- 
ration Thus, the actwltles m the two compartments were 
very different at the G16 stage but virtually identical m the 
red fruit 

No CL actlvlty could be discerned with respect to 
smaplc acid either m pulp or perlcarp regardless of the 
stage studied For the other substrates (p-coumanc, caffelc 
and feruhc acids), CL actlvlty was identical at the Gl,, 
stage m the two parts of the fruit but its subsequent 
evolution was very different In the pericarp, this actwity 
dlmnushed from the Glo to the stages then 
essentially constant in the the actlvlty 

strongly, reached maxrmum at G14 stage 
then decreased the end growth and 

maturation 
The GT actwlty very differently the 

two of the the actlvlty mcreasmg m 
especially dunng whereas It 

httle m Thus, GT the only whose 
actlvlty durmg maturation results have 

confirmed by the biosynthesis GE 
(Fig and GI 2B) separately 

DISCUSSION 

Pulp and perlcarp of tomato fruit can ensure the 
blosynthesls of each hydroxycmnamlc derlvatlve which 
accumulates, therefore, the fruit cannot beJust considered _ 

PAL I OMT 

12 14 16 b R 10 12 14 16 b R 
Stages 

Fig 1 Evolution of actwltles of PAL, OMT, GT and CL m pulp 
(-- - -)and pencarp (-)dunnggrowth (GI,,-G16 stages)and 
maturation (b and R stages ) of tomatoes Substrates caffelc (C), 
p-coumanc (pC), feruhc (F), 5-hydroxyferuhc (OHF), smaplc (S) 
and chlorogemc (CQ) acids Vertical bars indicate f s e for five 
different experiments No CL actwlty was detected with smaplc 

as a storage organ for these compounds posstbly formed acid 
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Fig 2 Varlatrons of GT actwity m pulp and pencarp during 
growth (Ci1&iL6 stages) and maturation (b and R stages) of 
tomatoes (A) FormatIon of esters, (B) formatIon of glucosldes 
Substrates cat&z (C), p-coumar~ (PC), feruhc (F) and smaplc (S) 
acids Vertical bars mdlcate f se for five Merent expenments 

m other parts of the plant Except for glucose denvatwes, 
during maturation and m contrast to other fruits [2, 181, 
the overall amounts of these compounds m cherry tomato 
are greater m pulp than m the external tissues durmg 
growth 

The results reported Indicate a very clear difference m 
the expression of HCA derivative metabohsm between the 
two parts of tomato fruits Maturation IS characted by 
a dlversdicatlon whereas some new derivatives of caffelc 
acid (neochlorogemc acid and caffeoylgiucose) appear m 
pulp, the derivatives of methylated acids (feruloylglucose, 
feruloylqumlc acid, feruhc acid glucoslde, smapoyl- 
glucose) are strictly localized m the pencarp at this stage of 
fruit development The metabolism of HCA dertvatlves IS 
compartmentahzed with time (growth and maturation) 
and also with space (pulp, pencarp) it IS onentated 
towards the formatlon and accumulation of qumlc acid 
derivatives durmg growth, particularly m pulp, and 
towards those of glucose derivatives during maturation, 
especially m perlcarp During the whole hfe of the fruit, 
PAL activity IS greatest m perlcarp Consequently, m 
tomato fruit, it cannot be the hmltmg factor m the 
accumulation of HCA derlvatlves which are more abun- 
dant m pulp during growth On the contrary, several 
examples show a good correlation between the variations 
of CL and GT actlvltles and the quantltles of qumlc and 
glucose derlvatwes m the two parts of the fruit (Fig 3) 
This IS clearly estabhshed by comparing the enzymatic 
actlvltles and the quantltles of HCA derivatives ac- 
cumulated per fruit with respect to the physlologcal 
stages For this purpose, the results were first expressed 
per fruit (either for pulp or for pencarp) and then as a 
percentage of the maximum, according to an expression 

loo 
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Fig 3 Comparative evolution of CL (A) and GT (ED) ac- 
tlvlties and of the quantltles of chlorogemc acid (CQ), caffeic acid 
glucoside (Cc), feruloylglucose (FG) and smapoylglucose (SC) 
durmg growth (C&,+& stages)and maturation (band R stages) 
m pencarp and pulp of tomatoes For each parameter, results are 
gwen as percentages of the maximal value calculated from Figs 1 
and 2 and ref [ 171 Substrates of enzymes caffeoyl CoA (A), or 

caffelc (B), feruhc (C) and smaplc (D) acids 

frequently used [ 19,201 The evolution of CL, OMT and 
GT actlvltles 1s very different in the two parts of the fret 
Taking mto account the different ongms of pulp and 
perlcarp It IS possible that the enzymatic actlvltles 
measured correspond to several isoenzymatlc forms, as 
has been shown m other materials for CL [21] and 
OMT [22] 

The results obtamed for tomato fruit compare with 
those reported for diverse enzymes m apple cell suspen- 
sions [23,24] and other plants [19,25] PAL and CL 
activities are greatest at the begmnmg of growth and 
glucosylatlon always appears as a later stage Due of these 
very characteristic vanatlons, the metabolism of HCA 
derlvattves may be consldered as a bmchenncal marker for 
maturation The metabohsm of glucose denvatwes m 
particular IS entirely unique because GT IS the only one 
among the enzymes studled whose actlvlty mcreases with 
maturation This vanatron leads to an accumulation of 
glucose denvatlves and IS observed only m the perlcarp 
which IS the first part of tomato fret to rlpen The same 
evolution IS observed when maturation IS precociously 
stimulated by woundmg the fruits [26] 
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The knowledge of spatial and temporal distrlbutlon of 
phenohc metabohsm 1s an important element m the study 
of the role of these compounds m frmt physrology It 1s 
possible that the differences m the maturation rate 
between pulp and perlcarp may ongmate from the 
charactenstlc duahty observed at the phenohc metabolism 
level between the two parts of the frmt, either by direct 
action of these compounds on the blosynthesls of ethylene 
[6,27] or mdlrectly by their role m the regulation of auxm 
metabolism [28] 

EXPERIMENTAL 

Plant mated Tomato fruzts (L esculezztzzm Mzll var cerasl- 
forme) were collected from plants cultrvated under natural 
condltlons and selected accordmg to colour and diameter Bx 
physlologcal stages were studied four stages of growth (10, 12, 
14 and 16 mm duuneter green fruits Cilo, G,*. G,4, G16), and 
two stages of maturation (breaker and red fnuts b, R) Each 
group consisted of SO or 100 frets which were divided znto two 
parts, pulp and perzcarp Perzcarp zs defined as the internal and 
external walls of the fruit, including placenta, while pulp IS used to 
describe the seeds and Jelly-hke tzssue whzch surrounds them 
After lyophzhzation, each part was ground zn lzqmd N2, followed 
by two types of extzactzon from the homogeneous powder, one 
for phenohc compounds and one for enzymatic proteins 

Extractzon, separatzon and estzmatzon of HCA derzvatzves The 
80% EtOH extraction, chromatographzc separation and spec- 
trophotometrzc determmatzon of compounds has already been 
descrzbed [ 10,111 The results are gzven zn nmol/g dry wt 

Measurement of enzymatzc actzvztzes The extraction and punfi- 
cation of enzymes were identical to the procedures prevzously 
described [26] The PAL and CL actzvztzes were determzned 
spectrophotometncally [11] and GT and OMT actzvztzes by 
zsotopzc assays [16,26] As far as GT was concerned, three 
different results were obtazned global actzvzty and actzvztzes zn 
relation to GE or GI fozmatzon These last two measurements 
we.re obtazned after chromatographlc separation of GE and GI 
[ 163 All results are gzven zn pkat/mg protein and are expressed as 
mean f s e for five Independent expts Proteins were estimated 
according to ref [29] 
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