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Abstract. The indole-3-acetic acid (IAA) content in 
peach pericarp (Prunus persica L. Batsch cv. 
Merry) was highest at early stage I of development 
( -200 ng/g fresh wt), decreased to the lowest level 
during stage II, and rose again at stage III to 60-70 
ng/g fresh wt. High activity of glutamine synthetase 
was found in the pericarp during stage I. The solu- 
ble peroxidase activity was highest in the meso- and 
exocarp at stage II, and isoenzymatic changes in 
this fraction corresponded to the transition from 
cationic isoenzymes, predominant at stage I, to an- 
ionic isoenzymes at stage III. The ionically bound 
peroxidase activity in these tissues was highest at 
stage I. The three developmental stages showed 
marked differences in auxin content and enzyme 
activities; for peroxidases these changes reflect a 
developmental expression pattern for the isoen- 
zymes. 

Fruit growth and development appear to be well- 
regulated, genetically determined events where spe- 
cific changes in enzyme activities have been re- 
ported (Brady 1987). The rapid early growth of fruit 
is probably stimulated by plant growth regulators, 
especially the auxin, indole-3-acetic acid (IAA). 
The expression pattern of glutamine synthetase 
(which provides nitrogenous precursors for many 
metabolites, structural components, and growth 
regulators) and peroxidase [which is involved in cell 
wall formation (Cassab and Varner 1988) and pos- 
sibly in auxin catabolism (Grambow 1986)] might be 
expected to change during fruit development. 

Two significant features of peach fruit growth are 
as follows: (1) the presence of three well-defined 
developmental stages, and (2) the dependence of 

early stages of fruit growth on seed development 
(Tukey 1936). Thus, IAA content and peroxidase 
activity have been previously determined in the 
seeds of fruits at the three stages of development 
(Valpuesta et al. 1989). Seed IAA content has been 
found to reach its highest level during stage III, and 
the peroxidase isoenzyme pattern has been found to 
change markedly during development. 

We present herein data on IAA and glutamine 
synthetase of the pericarp, and peroxidase activities 
of the meso- and exocarp during fruit development. 
IAA content during development of whole fruits has 
been reported by Miller et al. (1987). However,  
these previous findings now are augmented by the 
study of glutamine synthetase activity during the 
entire growing period, as a marker for the growing 
processes (Miflin and Lea 1980), and soluble, ioni- 
cally and covalently bound peroxidase activities. 
These probably represent a high percentage of total 
peroxidase activity in the peach pericarp at early 
developmental stages. 

Materials and Methods 

Plant Material 

Peach fruits (Prunus persica L. Batsch cv. Merry) with a low- 
chilling requirement were sampled periodically during develop- 
ment and stored as previously described (Vaipuesta et al. 1989). 

Glutamine Synthetase Extraction and Assay 

Pericarp tissue was homogenized (Ultra Turrax homogenizer) in 
50 mM Tris-HCl buffer (fresh tissue weight to buffer volume, 1:2) 
containing 2 mM EDTA and 20 mM 2-mercaptoethanol, pH 8.0. 
After filtration through two layers of muslin, 1 mM phenyl me- 



172 C. S~inchez-Rold~in et al. 

thyl sulfonyl fluoride (PMSF) was added and then centrifuged at 
25,000 g for 20 min. The same extraction procedure was repeated 
with the pellet, and the two supernatants were pooled before 
assaying for glutamine synthetase activity. 

Glutamine synthetase activity was measured by the trans- 
ferase assay described by Shapiro and Stadtman (1970): units of 
enzyme activity corresponded to p.mole of product, F-glutamyl 
hydroxamate, formed per minute under described experimental 
conditions. 

Extraction and Measurement of  Free IAA 

IAA was extracted from the pericarp as previously described 
using I-~4C-IAA as an internal standard and assayed by a spec- 
trofluorimetric kinetic method (S~inchez-Rold~n et al. 1988). 

Peroxidase Extraction and Assay 

The meso- and exocarp were combined and ground in 50 mM 
sodium phosphate buffer, pH 6.0 (fresh tissue to buffer ratio, 
1:2.5, wt/vol), using an Ultra Turrax homogenizer at full speed. 
After filtration through two layers of muslin and centrifugation at 
25,000 g for 20 rain at 4~ the supernatant was recovered and the 
residue reextracted with the same buffer (1:2 ratio). After cen- 
trifugation, the two supernatants were pooled and termed the 
crude soluble extract. The pellet and the filtration residues were 
resuspended in phosphate buffer containing 1 M KC1 (1:2 ratio, 
wt/vol) and stirred overnight at 0--4~ Following filtration and 
cold centrifugation at 25,000 g for 20 min, the supernatant con- 
tained the ionically bound fraction. The pellet was resuspended 
in 0.1 M sodium phosphate buffer at pH 5.25 (1:2 ratio, wt/vol) 
containing cellulase (0.25%) and pectinase (0.15%) and incubated 
with continuous stirring at room temperature for 4 h. The super- 
natant obtained after filtration and centrifugation (25,000 g, 20 
min) contained the covalently bound fraction. 

All extracts were exhaustively dialyzed against 25 mM sodium 
phosphate buffer, pH 6.0, for about 24 h. 

Peroxidase activity was defined as the increase in absorbance 
at 450 nm of enzyme extracts incubated with 0.26 mM o- 
dianisidine and 8.8 mM hydrogen peroxide in 20 mM phosphate 
buffer, pH 6.0, at 25~ 

Electrophoresis 

Anionic polyacrylamide gel electrophoresis (PAGE) was per- 
formed as described by Davis (1964) using 7.5% polyacrylamide 
for the separating and 4% for the stacking gel. 

Cationic PAGE electrophoresis was performed using the pro- 
cedure described by Reisfield et al. (1962). 

Results and Discussion 

The activity of glutamine synthetase, the enzyme 
catalyzing the first step in amino acid biosynthesis 
from ammonia (Miflin and Lea 1980), was ex- 
tremely high in young peach tissue (Fig. 1). The 
enzyme's activity decreased sharply during early 
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Fig. 1. Glutamine synthetase activity, measured by the trans- 
ferase assay, in the pericarp of  growing peach fruits. Fruit 
growth was determined by measurement of cheek diameter. Ver- 
tical bars represent SD for fruit growth and SE for enzyme ac- 
tivity based on duplicate samples and three determinations for 
each. Where no bars are shown they are smaller than the sym- 
bols. 

fruit development, reaching its lowest level at early 
stage II, and remaining low for the remainder of 
fruit growth. The high activity of glutamine synthe- 
tase during stage I, when the cells of the fruitlet are 
dividing rapidly, undoubtedly reflects the key role 
of this enzyme in growth processes; its product, 
glutamine, is the main source of nitrogen in the syn- 
thesis of nucleotides and amino acids and their 
products, including IAA. 

IAA has been shown to alter gene expression in 
plant tissues (Hagen 1987). Whether the high IAA 
content of young peaches is responsible for the in- 
duction of glutamine synthetase remains to be de- 
termined. 

Transition between the different developmental 
stages is also reflected in the IAA content of peach 
pericarp tissue (Fig. 2). From 200 ng/g fresh wt at 
early stage I, IAA decreased to the lowest level 
during stage II, and rose again to 60-70 ng/g fresh 
wt at the end of stage III. These values are in the 
same range as those previously  repor ted for 
"Redhaven" peach fruits at stage III (Miller et al. 
1987). Peaks found during stages I and III may be 
related to the involvement of IAA in cell division 
and enlargement (Davies 1987), predominant pro- 
cesses occurring during these two developmental 
stages, respectively. IAA content of the seeds of 
these fruits was low at stage I but increased at stage 
III (Valpuesta et al. 1989). Since seeds are often 
considered the source of hormone for fruit growth 
(Davies 1987), IAA may be rapidly exported from 
the seed to the surrounding tissue during stage I, 
thus explaining the low IAA content of the seed at 
this time (Valpuesta et al. 1989) and the requirement 
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Fig. 2. Levels of free IAA in the pericarp tissue of peach fruits 
during fruit development. Values are mean +-- SE (represented by 
vertical bars) for three determinations from two extracts. 

of a viable seed for fruit growth at this stage of 
development (Tukey 1936). 

Peroxidase activities in peach meso- and exocarp 
were measured in the soluble and cell wall bound 
extracts (Fig. 3). To follow peroxidase activity, 
only the meso- and exocarp tissues were sampled, 
since lignification would occur in the endocarp dur- 
ing fruit development; this event could affect the 
isoperoxidase profile in the whole pericarp. Sam- 
piing therefore was initiated 20 days after full bloom 
when these tissues could be distinguished visually. 
The most significant changes occurred in the ioni- 
cally bound peroxidase fraction, which was pre- 
dominant at stage I and decreased continuously 
during fruit growth. Cell wall bound peroxidases 
have been implicated in processes, such as lignin 
synthesis (Fukuda and Komamine 1982) and exten- 
sin crosslinking (Cooper and Varner 1984). Since 
these processes are required for cell wall formation, 
which is coupled to cell division (Meyer and Herth 
1982), high peroxidase activities would be antici- 
pated during growth stage I. 

Peroxidase activity in the soluble fraction in- 
creased from stage I to II and then decreased during 
stage III (Fig. 3). These changes are better under- 
stood when compared with the isoenzymatic pro- 
files in Figs. 4 and 5. It should be stressed that 
accurate quantitative inferences cannot be made 
from these profiles because o-dianisidine was used 
as the substrate and different isoenzymes vary in 
their affinities for phenolic substrates (Siegel and 
Siegel 1986). However, it is clear that the two cat- 
ionic isoenzymes present at stages I and II disap- 
pear during stage III, whereas an anionic isoenzyme 
becomes dominant during stage III. Previous stud- 
ies have suggested that cationic isoperoxidases may 
be responsible for IAA catabolism and anionic 
isoenzymes for cell wall lignification (Gaspar et al. 
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Fig. 3. Peroxidase activity in the soluble (--[3-), ionically ( -0 - ) ,  
and covalently-bound (-O--) extracts obtained from meso- plus 
exocarp peach tissues during fruit growth. Vertical bars repre- 
sent mean -+ SE values for three determinations from three ex- 
tracts. Where no bars are shown they are smaller than the sym- 
bols. 
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Fig. 4. Peroxidase isoenzyme prof'des of soluble extracts from 
meso- plus exocarp tissues, obtained by anionic electrophoresis 
and staining for peroxidase activity. Samples were harvested 20 
and 27 days after anthesis for stage I; 34 and 41 days for stage II; 
and 55, 62, and 69 days for stage III. 
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F ig .  5. Peroxidase isoenzyme profiles obtained by cationic elec- 
trophoresis of soluble extracts from meso- plus exocarp tissues 
and staining for peroxidase activity. Sampling dates as in Fig. 4. 

1985). More research is needed to link the isoenzy- 
matic changes reported here to these functions. It is 
noteworthy, however, that specific isoenzyme 
changes were detected in the meso- and exocarp of 
peach fruits during development, and that they gen- 
erally agree with the two-step model previously 
proposed for peroxidase changes during plant 
growth and development (Gaspar et al. 1985); an 
initial increase in the cationic isoperoxidases which 
is followed by an increase in anionic isoenzymes. 
Changes in peroxidase isoenzymes in the endocarp 
tissue of peach fruits are presently under study. 
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