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Softening is typically involved in the ripening process of 
many fruits and usually represented by a decrease in the 
firmness of the tissues. Softening of most fruits is ac- 
companied by the dissolution of cell adhesion, which is 
brought about by the degradation of the middle lamella. In 
cell wall polymers, pectic polysaccharides, particularly 
polyuronides, have been known to be major constituents of 
the middle lamella. The relationship between the degrada- 
tion of pectic polyuronides and the decrease in the firmness 
of fruit tissues has been extensively documented. Recent- 
ly, in addition to the pectin degradation, xyloglucan break- 
down has been observed in the early stage of softening in 
some fruits. These findings suggest that the degradation of 
both xyloglucans and polyuronides is cooperatively invohred 
in fruit softening processes the xyloglucan breakdown may 
contribute to the initiation process, while the polyuronide 
degradation to the excessive softening process. 
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Fruit ripening is often looked upon as the start of fruit 
senescence and, previously, the deteriorative aspects had 
been emphasized. In the recent view, however, ripening is 
regarded as well-coordinated processes of organ differentia- 
tion, which are genetically programmed (Fischer and Bennett 
1991). In various biochemical transitions, such as the pig- 
ment synthesis and the production of volatiles, softening of 
the tissues typically accompanies the ripening of many fruits. 
Fruit softening is a developmentally programmed process 
and brought about by the modifications in the structure of 
cell walls, particularly by the degradation of cell wall poly- 
mers. The mechanical strength and the texture of cell walls 
change dramatically during fruit softening process. In addi- 
tion, ripe fruit contains a large amount of hydrolases that are 
involved in the degradation of cell wall polymers. Thus, it 
has been considered that fruit softening is a good model 
system to study the relationship between the mechanical 
strength and the structural feature of cell walls and also the 
function and regulation of cell wall hydrolases in the degra- 
dation of cell walls. 

A b ~ e v i a t i ~ :  CDTA, trans-1, 2-cyclohexanediamine-N, N, K, K- 
tetraacetic acid; EDTA, ethylenediaminetetraacetic acid; PG, 
polygalacturonase; W E ,  pectinmethylesterase; XET, xyloglucan en- 
dotransglycosylase. 

Generally, fruit cell walls contain a large amount of 
pectins. Also pectic polymers are major constituents of the 
middle lamella and thus contribute to the cell adhesion 
mechanism. Degradation of pectins, particularly that of 
polyuronides, may cause the collapse of the cell adhesion 
and thereby decreasing the tissue strength. The relation- 
ship between the polyuronide degradation and the softening 
has been extensively studied in many fruits. On the other 
hand, recent molecular genetic approaches, such as trans- 
genic plants, have been shown that the degradation of 
polyuronides is not sufficient for the induction of softening in 
tomato fruit (Giovannoni et a/. 1989, Smith et a/. 1990). 
These findings have led to the proposal that the degradation 
of other components in cell walls may be required for the 
induction process of softening and that the cooperative 
degradation of such components and polyuronides brings 
about sufficient relaxation for fruit to soften. 

Fruit cell walls contain a significant amount of xyloglucans. 
Recently, the degradation, particularly depolymerization, of 
xyloglucans has been observed in the early stage of soften- 
ing in some fruits, such as tomato, avocado, melon and 
kiwifruit. The present review focuses on the degradation of 
xyloglucans and polyuronides in fruit tissues, the possible 
role of these polymers in the regulation of fruit softening, and 
the regulation mechanism of the degradation of these 
polymers. 

xyloglucans 
Xyloglucans are a predominant hemicellulosic polysac- 

charide and they account for as much as 20-25% of the 
constituents of primary cell walls of dicotyledonous plants 
(Datvill et a/. 1980, Hayashi 1989). 

Generally, xyloglucans are attached to cellulose microfi- 
brils by hydrogen bonds and cross-link between cellulose 
microfibrils (Hayashi and Maclachlan 1984, Fujino et a/. 
2000). The reported values of the weight-average molecu- 
lar masses of xyloglucans in cell walls of stem tissues, such 
as azuki bean and pea epicotyls and squash hypocotyls are 
in the range of 500-1500 kDa (Nishitani and Masuda 1981, 
Hoson et a/. 1991, Wakabayashi et a/. 1991, Miyamoto et a/. 
1997). The estimated lengths of xyloglucan molecules are 
about 400-600 nm (Sakurai 1991, Vincken et a/. 1997). The 
lengths are much longer than the distance between adjacent 
cellulose microfibrils (10-15 nm; Fujino et a/. 2000) and com- 
parable to those of the cellulose molecules in primary cell 
walls, 250-1000 nm (Blaschek et a/. 1982). Therefore, the 
formation of the cellulose-xyloglucan network probably gives 
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strength (rigidity) to cell walls. Indeed, the treatment of stem 
tissues with auxin promotes the depolymerization of xylog- 
lucans as well as the decrease in the mechanical rigidity of 
cell walls, and thereby induces cell elongation of stem 
tissues (azuki bean epicotyls, Nishitani and Masuda 1981, 
Hoson et a/. 1991; pine hypocotyls, Lorences and Zarra 1987; 
squash hypocotyls, Wakabayashi et a/. 1991). On the other 
hand, close correlations between the increase in the molec- 
ular mass of xyloglucans and the increase in the mechanical 
rigidity of cell walls have been observed in pea epicotyls 
(Miyamoto et a/. 1997) and in azuki bean epicotyls (Soga et 
a/. 1999). These studies show, from elution profiles of 
xyloglucan molecules after gel-permeation chromatography, 
that xyloglucans are certainly shifted to higher or lower 
molecular mass regions after the treatment, and the molecu- 
lar masses of xyloglucans increase or decrease about 20- 
40% from the control level. These findings suggest that 
changes in the molecular mass of xyloglucans are involved 
in the regulation of the mechanical strength of cell walls. 

Xyloglucan degradation in ripening fruit 
In fruit tissues, xyloglucans account for 20-30% of the 

constituents of cell walls in pericarp of tomato (Sakurai and 
Nevins 1993), 5-10% in mesocarp of avocado (Sakurai and 
Nevins 1997), about 10% in mesocarp of grape berry (Nunan 
et a/. 1998), 20-25% in pericarp of melon (Rose et a/. 1998) 
and about 7% in pericarp of persimmon (Cutillas-lturralde et 
a/. 1994). Xyloglucans from pre-ripe fruits are high molecu- 
lar mass polymers (the weight-average molecular masses 
are in the range of hundreds - 1000 kDa) and the values are 
comparable to those of stem tissues. These findings indi- 
cate that fruit cell walls contain a significant amount of 
xyloglucans with high molecular mass. 

Table 1 summarizes the xyloglucan breakdown in fruit 
tissues. Using the stress-relaxation method, Sakurai and 
Nevins (1993) showed that tissues of red (ripe) tomato fruit 
were loosened as compared with those of mature green 
(unripe) fruit and suggested that fruit softening is caused by 
the changes in the viscosity and elasticity in the tissues by 
the degradation of cell wall polymers. In cell wall compo- 
nents, levels of xyloglucans decreased about 30% from the 
mature green to the red stage fruit. In addition, the molecu- 
lar mass of hemicellulosic polysaccharides, particularly that 
of xyloglucans, of red fruit walls was reduced to 50% of that 
of mature green fruit, while the molecular mass of chelator 
(EDTA)-soluble pectins was almost similar in the mature 

green and red fruit (Sakurai and Nevins 1993). Maclachlan 
and Brady (1994) also showed that the molecular mass 
downshift of xyloglucans was observed in the early stage of 
tomato fruit softening and continued in parallel with the 
decrease in the tissue firmness, although the amounts of 
xyloglucans remained constant during the softening. 

In tomato fruit ripening mutants, rin (ripening inhibitor) 
mutation impairs many aspects of fruit ripening processes, 
such as softening, polyuronide degradation and ethylene 
biosynthesis, and rin fruit contains less than 1% of the wild- 
type level of polygalacturonase (PG) (Giovannoni et a/. 1989). 
The reduced PG level may cause the limited degradation of 
polyuronides and thereby inhibits fruit softening. However, 
when low PG levels in rin mutant were transformed to nearly 
normal levels by the PG gene transfer, with the result that 
polyuronides were extensively degraded and solubilized 
(Giovannoni et a/. 1989, DellaPenna eta/. 1990), fruit softening 
was still inhibited (Giovannoni et a/. 1989). This result indi- 
cates that in rin fruit, the high levels of PG activity and the 
resultant degradation of polyuronides were not sufficient to 
stimulate softening. In rin fruit, the levels and the molecular 
mass of xyloglucans were almost equivalent to those in wild- 
type fruit, and the molecular mass of xyloglucans in rin fruit 
did not change during ripening, while that in wild-type fruit 
extensively decreased (Maclachlan and Brady 1994). The 
firmness of rin fruit only slightly decreased during ripening 
(Maclachlan and Brady 1994). Therefore, it is possible that 
the limited xyloglucan breakdown in rin fruit is involved in the 
inhibition of tissue softening. 

Melon fruit (Charentais variety) undergoes remarkably rapid 
ripening, with the transition from the pre-ripe to the over-ripe 
stage occurring within 24 to 48 hr, while tomato fruit gener- 
ally develops from the pre-ripe to the over-ripe stage over a 
period of 10 to 18days (Rose et a/. 1998). In cell walls of 
melon fruit, depolymerization of hemicellulosic polysacchar- 
ides took place throughout ripening, and the degradation of 
tightly bound (24% KOH-extractable) xyloglucans was 
detected at the early onset of softening, while polyuronide 
depolymerization occurred in the later ripening stages (Rose 
et a/. 1998). 

Avocado fruit also softens extensively during ripening. 
When cold-storage pre-ripe fruit was ripened in 25C, fruit 
firmness rapidly decreased (O’Donoghue and Huber 1992, 
Sakurai and Nevins 1997, Wakabayashi et a/. 2000). The 
molecular mass of strong alkali (4 M Na0H)-extractable 
xyloglucans decreased extensively in the early stage of fruit 

Table 1. Xyloglucan breakdown in ripening fruit. 

Fruit Xyloglucan breakdown Onset of breakdown Reference 

Tomato Depolymerization and decrease in amount During softening Sakurai and Nevins (1993) 

Avocado Depolymerization Early stage of softening ODonoghue and Huber (1992) 

Melon Depolymerization Early stage of softening Rose et a/. (1998) 
Persimmon Depolymerization and decrease in amount Extensive softening period Cutillas-lturralde et a/. (1994) 
Kiwifruit Depolymerization Early stage of softening MacRae and Redgwell (1992) 

Depol ymerization Early stage of softening Maclachlan and Brady (1994) 

Depolymerization and decrease in amount Early stage of softening Sakurai and Nevins (1997) 
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softening (ODonoghue and Huber 1992, Sakurai and Nevins 
1997). In addition, the levels of xyloglucans in avocado fruit 
decreased during the period (Sakurai and Nevins 1997). 

In persimmon fruit, the levels and the molecular mass of 
xyloglucans decreased to about 70% and 30% of those of 
the pre-ripe fruit during the excessive softening period, 
respectively (Cutillas-lturralde et a/. 1993,1994). Also, in 
kiwifruit, depolymerization of xyloglucans was observed 
during softening (MacRae and Redgwell 1992). These 
observations clearly show that the degradation of xylog- 
lucans in cell walls is associated with significant changes in 
fruit texture. The breakdown of xyloglucan molecules in the 
early (initial) stage of softening may partially disrupt the 
cellulose-xyloglucan network which, in turn, probably causes 
a decrease in the rigidity of cell walls in fruit tissues. In 
addition, partial breakdown of the cellulose-xyloglucan 
network decreases the integrity of cell wall architecture, 
which may increase the wall pore size and thereby enhances 
the diffusion (mobility) of hydrolases in cell walls. Indeed, 
the stimulation of the degradation of xyloglucans in cell walls 
of stem tissues by auxin treatment increases the size of wall 
pore (Hoson 1993). Since the breakdown of xyloglucans is 
often accompanied by the extensive degradation of polyur- 
onides in ripening fruit (ODonoghue and Huber 1992, Huber 
and O'Donoghue 1993, Sakurai and Nevins 1993,1997, Rose 
et a/. 1998), the xyloglucan breakdown may contribute to the 
stimulation of the polyuronide degradation via increasing 
mobility of hydrolases, such as PG. 

Xy/og/ucan depolymerizing activity in ripening fruit 
Depolymerization of xyloglucan molecules has been ex- 

plained by the action of cell wall hydrolases. Levels of p-1, 
4-glucanase (Cx-cellulase) activity have been shown to 
increase during tomato fruit ripening (Campbell et a/. 1990). 
Tomato fruit contains at least three types of p-1,4- 
glucanase that can hydrolyze xyloglucans (Maclachlan and 
Brady 1992). On the other hand, Cx-cellulase purified from 
ripe avocado fruit did not promote the xyloglucan depolymer- 
ization and the protein fraction depleted of Cx-cellulase was 
capable of the degradation of xyloglucans (O'Donoghue and 
Huber 1992). This result suggests that Cx-cellulase is not 
involved in the ripening-related depolymerization of xylog- 
lucans in avocado fruit. 

In recent aspect of hemicellulose metabolism, the en- 
dotransglycosylation of xyloglucans has attracted the atten- 
tion (Nishitani and Tominaga 1991,1992, Fry et a/, 1992). The 
enzymic activity responsible for the transglycosylation has 
been characterized and described as xyloglucan endotrans- 
glycosylase (XET). The proteins with XET activity were 
purified from azuki bean stems (Nishitani and Tominaga 
1992). Xyloglucan endo-hydrolases that had been purified 
from azuki bean stems (xyloglucan hydrolase/endotransfer- 
ase, Tabuchi et a/. 1997) and from nasturtium seeds (Farkas 
et a/. 1992, Fanutti et a/. 1993) were found to possess both 
hydrolase and transglycosylase activity. XETs that have 
both hydrolase and transglycosylase activity can use xylog- 
lucan oligosaccharides and/or H20 as acceptors for the 
reaction, and xyloglucan oligosaccharides are capable of 

stimulating the activity of XETs (Tabuchi et a/. 1997, Nishitani 
1997). Therefore, XETs have been proposed to depolymer- 
ize xyloglucans. Tomato fruit contained a xyloglucanase 
(xyloglucan-depolymerizing) activity that was substantially 
stimulated by xyloglucan oligosaccharides, and its activity 
was highest at the early stage of fruit softening and declined 
during aging (Maclachlan and Brady 1994). Also, the onset 
of xyloglucan breakdown synchronized with the period of the 
highest xyloglucanase activity. Thus, it is possible that 
XETs are responsible for the xyloglucan-depolymerizing 
activity in fruit tissues. The higher activity of XET was 
reported during the softening of persimmon fruit (Cutillas- 
lturralde et a/. 1994). In kiwifruit, XET activity increased 
throughout tissue softening period (Redgwell and Fry 1993) 
and the activity was also correlated with the depolymeriza- 
tion of xyloglucans (MacRae and Redgwell 1992). XET has 
been purified from ripe kiwifruit, and the purified enzyme is 
capable of hydrolyzing (depolymerizing) high molecular mass 
kiwifruit xyloglucans in the presence or absence of xylog- 
lucan oligosaccharides (Schroder et a/. 1998). The enzyme 
had maximum activity between pH 5.5 and 5.8. The molec- 
ular weight of XET of kiwifruit (34 kDa, Schroder et a/. 1998) 
is comparable to that of azuki bean stems (33 kDa, Nishitani 
and Tominaga 1992) and small green tomato fruit (34 kDa, de 
Silva et a/. 1994). In addition, kiwifruit XET shows high 
amino acid identity to XETs of small green tomato fruit and 
azuki bean stems, although tomato and azuki bean XETs 
cannot act as a hydrolase (Schroder et a/. 1998). It is 
possible that XETs possessing both hydrolase and transg- 
lycosylase activity play a principal role in the degradation of 
xyloglucans in ripening fruit. 

Po/yuronides 
Polyuronides consist of linear polymers of a-(l, 4)-linked 

galacturonic acid (homogalacturonans) and rhamnosyl resi- 
due-containing galacturonans (rhamnogalacturonans). 
Rhamnogalacturonans usually contain arabinose- and 
galactose-rich side chains (arabinogalactans) (Darvill et a/. 
1980, Fischer and Bennett 1991). Galacturonic acid residues 
in polyuronides are partly methylesterified. Polyuronides are 
major components in fruit cell walls. 

Polyuronide degradation in ripening fruit 
The extensive solubilization and depolymerization of 

polyuronides have been observed during the ripening of 
many fruit types (Huber 1983). In ripe avocado fruit, more 
than 90% of polyuronides in cell walls were extracted with 
water or chelator (CDTA) solution, and their molecular 
masses were extraordinarily small compared to polyuronides 
from firm (pre-ripe) fruit (Huber and ODonoghue 1993, 
Wakabayashi et a/. 2000). The increase in the levels of 
water-soluble polyuronides during ripening was accom- 
panied by the decrease in the levels of water-insoluble 
polyuronides (Campbell eta/. 1990, Wakabayashi eta/. 2000), 
indicating that polyuronides solubilized during ripening 
originated from polymers more tightly integrated in the walls 
or perhaps linked to hemicelluloses (Redgwell et a/, 1997a). 
Similarly, tomato, kiwifruit, blackberry, persimmon, plum and 
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strawberry fruit show the dramatic increases in water-soluble 
polyuronides during ripening (Redgwell et a/. 1997b). De- 
polymerization of chelator-soluble polyuronides during 
softening has been shown in many fruit types, such as 
tomato, avocado, kiwifruit, persimmon, apple, watermelon, 
plum and nashi pear (Redgwell et a/. 1992,1997b). In- 
creased solubilization and depolymerization of polyuronides 
are usually correlated with the decrease in fruit tissue firm- 
ness (Huber 1983, Redgwell et a/, 1997b). Thus, the polyur- 
onide degradation has been considered to be involved in the 
processes of fruit softening. 

PG catalyzes the hydrolytic cleavage of &-(I, 4)-galactur- 
onan linkages. PG activity has been shown to increase 
during ripening of many fruit types and there is a correlation 
between the PG activity and the degradation of polyuronides 
(Huber 1983). The observations that in vitro degradation of 
isolated cell walls by PG mimics the polyuronide degradation 
that occurs in vivo (Wallner and Bloom 1977, Huber 1981, 
Themmen et a/. 1982, Chun and Huber 1997,1998, Wa- 
kabayashi et a/. 2000) indicate the central role of PG in 
polyuronide degradation in ripening fruit. 

On the other hand, the molecular genetic approaches, 
antisense technique, showed that suppression of tomato fruit 
PG mRNA accumulation by constitutive expression of an 
antisense transgene reduced the levels of PG mRNA and 
enzyme activity (Smith et a/. 1990). PG activity in transgenic 
fruit was reduced to less than 1% of wild-type fruit. In 
transgenic fruit, suppression of PG mRNA accumulation 
inhibited the ripening-related depolymerization of chelator- 
soluble polyuronides, but it did not prevent the increases in 
the levels of polyuronide solubilization and fruit softening 
(Smith et a/, 1990). This result suggests a possibility that 
depolymerization of polyuronides solely is not sufficient for 
the induction of tissue softening. However, ripe transgenic 
tomato fruit had beneficial postharvest- handling characteris- 
tics; measurable improvements in storage life, in solids 
content and in consistency and viscosity of processed juice 
(Fischer and Bennett 1991). In addition, transgenic fruit 
remained slightly firmer than wild-Qpe fruit during the period 
from the full-ripe to the over-ripe stage (Brummell and 
Labavitch 1997). These findings suggest that in late ripen- 
ing stages, PG-mediated polyuronide depolymerization plays 
a role in reducing fruit integrity and firmness. 

In tomato rin mutant, low PG levels in the mutant were 
recovered to nearly control levels by the PG gene transfer, 
and increased PG activity caused the extensive depolymer- 
ization and solubilization of polyuronides but not the promo- 
tion of fruit softening (Giovannoni et a/. 1989). As described 
above, in rin fruit, xyloglucan breakdown was substantially 
inhibited during ripening (Maclachlan and Brady 1994). 
Thus, the limited xyloglucan breakdown may intercept the 
tissue softening in transgenic rin fruit. 

Regulation of polyuronide degradation in ripening fruit 
The increasing activity of PG is brought about by the 

increases in levels of PG proteins and PG mRNAs (Fischer 
and Bennett 1991). In tomato, PG mRNA accumulated to 
extremely high levels in ripening fruit, accounting for ca. 2% 

of the total mRNA (DellaPenna et a/. 1987). The extractable 
PG activity increased about 10-fold during ripening of tomato 
and avocado fruit (Campbell et a/. 1990, Huber and 
O'Donoghue 1993). Generally, there is a correlation 
between PG levels and degradation of polyuronides (Fischer 
and Bennett 1991), indicating that the induction of de novo 
synthesis of PG proteins is involved in the stimulation of 
polyuronide degradation. 

In addition to PG levels, various factors, such as cell wall 
(apoplastic) environment and regulators, appear to be 
involved in the regulation of activity of PG. In cell wall 
environment, pH and ionic concentrations deeply contribute 
to the catalytic properties of tomato PG (Chun and Huber 
1998). Tomato PG was nearly inactive at pH 6.0 and above 
and low ionic strength in vitro, but decreasing pH value (to 
pH 4.5) and increasing ionic strength dramatically increased 
the activity of PG (Chun and Huber 1998). In tomato fruit, 
the pH of the apoplastic fluid decreased from 6.7 in mature- 
green fruit to 4.4 in fully-ripe fruit and also the ionic strength, 
especially potassium concentration, increased about three- 
fold during the period (Almeida and Huber 1999). Since the 
extensive depolymerization of polyuronides was observed 
during the period from the fully-ripe to the over-ripe stage in 
vivo (Huber and ODonoghue 1993), the lowered apoplastic 
pH and the increased potassium concentration in fully-ripe 
fruit may stimulate the activity of PG already present in cell 
walls and thereby induce such an extensive polyuronide 
depolymerization. 

In the case of avocado fruit, purified PG substantially 
promoted the release of polyuronides from cell walls of pre- 
ripe fruit, concomitant of marked downshift in molecular 
mass in vitro (Wakabayashi et a/. 2000). Polyuronides 
released by PG, however, were relatively high molecular 
mass polymers as compared with those from fully-ripe fruit. 
Repeated treatment of the released polyuronides with PG did 
not promote further depolymerization. On the other hand, 
when the released polyuronides were treated with pectin- 
methylesterase (PME), extensive molecular mass downshift 
occurred in response to incubation with PG. These obser- 
vations suggest that partial de-esterification by PME is 
required for PG to carry out extensive depolymerization of 
polyuronides. Thus, the degree of methylesterification of 
polyuronides may be a factor contributing to the regulation of 
polyuronide degradation, and both PG and PME may be 
cooperatively involved in the degradation process of polyur- 
onides in avocado fruit. Similarly, the increase in polyur- 
onide release by PG after the treatment of cell walls with 
PME has been reported in mature-green tomato fruit (Koch 
and Nevins 1989). 

Fruit cell walls contain significant amounts of galactose 
and arabinose. These neutral sugars are constituents of 
arabinogalactans, which are usually attached to rham- 
nogalacturonans (Darvill et a/. 1980). The decreases in the 
amounts of galactose and arabinose during ripening has 
been shown in many fruit types (Fischer and Bennett 1991, 
Redgwell et a/. 1997a). A temporal association between 
polyuronide solubilization and galactose loss has been 
observed during the early stage of melon fruit ripening (Rose 
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et a/. 1998). In addition, p-galactosidases and p- 
galactanases had a capacity to alter the molecular mass of 
polyuronides (de Veau et a/. 1993, Ali et a/. 1998). Therefore, 
the removal of galactose-containing side chains, probably 
arabinogalactans, may facilitate the polyuronide degradation 
in ripening fruit. 

Concluding remarks 
Fig.1 shows the schematic representation of the xylog- 

lucan breakdown and the polyuronide degradation during 
fruit ripening. Xyloglucans and polyuronides in fruit tissues 
undergo an active turnover during ripening, and the degrada- 
tion of both polymers seems to be involved in reducing the 
cell wall integrity, thereby decreasing firmness of fruit tissues. 
The regulation of breakdown of cell wall polysaccharides in 
fruit tissues is performed by many factors, such as the levels 
and activity of hydrolases and the interaction of hydrolases 
with polysaccharide complex. Induction of de novo synthe- 
sis is involved in the increase in hydrolase activity. In 
addition, cell wall environments, especially pH conditions, 

Cellulose microfibril 

Xyloglucans I Polyuronides 
Ripening 

Fig. 1. Schematic representation of the xyloglucan breakdown 
and the polyuronide degradation during fruit ripening. 
Xyloglucan-hydrolyzing enzymes (A) and PG (A) are 
involved in the breakdown of xyloglucans and polyuronides, 
respectively. Activities of these enzymes are enhanced 
by the induction of de novo synthesis and by the changes 
in cell wall environments, such as the acidification. Also, 
the increase in wall pore size and the modification of 
polymers (removal of side chains and methylesters) are 
involved in the stimulation of the catalytic potential of 
enzymes via increasing the mobility of enzymes and the 
susceptibility of polymers to enzymes. Breakdown of both 
xyloglucans and polyuronides reduces the integrity of cell 
walls and thereby causes a decrease in the firmness of fruit 
tissues. 

deeply contribute to the regulation of hydrolase activity. 
The integrity of cell wall architecture, wall pore size, and 
modification of polymers (addition and removal of side chains 
and methylesters) are involved in the regulation of the 
mobility of hydrolases and the susceptibility of polysacchar- 
ides to hydrolases. These factors also influence the cata- 
lytic potential of hydrolases. 

Regulation mechanisms of the degradation of cell wall 
polysaccharides in fruit tissues are almost comparable to 
those in stem tissues (Sakurai 1991, Hoson 1993, Soga et a/. 
2000). In general, the turnover of cell wall polysaccharides 
in fruit tissues occurs rapidly on a large scale. Therefore, 
information on the regulation of cell wall breakdown in fruit 
tissues may provide us with clues to a further understanding 
of regulation of cell wall degradation in stem tissues. In 
addition, ripe fruit contains a large amount of various kinds of 
cell wall hydrolases. These hydrolases in fruit tissues are 
available for the study of the breakdown of cell wall polysac- 
charides in stem tissues. Integration and coordination of 
many pieces of knowledge obtained from studies of fruit 
ripening as well as stem growth should enhance our under- 
standing of how cell wall breakdown is regulated by various 
factors in plant. 

The author thank Dr. D.J. Huber, University of Florida, and 
Dr. T. Hoson, Osaka City University, for the careful reading of 
this manuscript and invaluable criticism. 
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