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Abstract. Changes induced by the pollination of
ovaries may be mediated by phytohormones and
involve sugar-metabolizing enzymes. In order to
further explore these relationships, soluble sugars,
sucrose-phosphate synthase (EC 2.4.1.14), sucrose
synthase (EC 2.4.1.13), acid and neutral invertases
(EC 3.2.1.26), indole-3-acetic acid (IAA), and eth-
ylene were investigated in muskmelon (Cucumis
melo 1..) ovaries sampled before, during, and after
anthesis. The fresh weight of ovaries increased
100% within 48 h after pollination, but did not
change significantly in the absence of pollination.
While sugar content per ovary increased after pol-
lination, sugar content per mg protein was unaf-
fected. Sucrose was not detected in nonpollinated
ovaries 48 h after anthesis. Free [AA content was
highest in ovaries sampled 48 h before anthesis. Pol-
lination had no immediate effect on IAA content per
mg protein in postanthesis ovaries. Although de-
tected in all ovaries sampled, ethylene production
increased significantly only in nonpollinated ova-
ries. Activity of sucrose-phosphate synthase was
the same at all stages. The specific activities of su-
crose synthase and the invertases were highest in
nonpollinated ovaries. The increase in rate of sugar
import into ovaries following pollination was not
accompanied by an increase in the specific activity
of any enzyme assayed, but was coincident with an
increase in the total activity per ovary of sucrose
synthase and acid invertase. There appears to be no

direct relationship between sucrose-metabolizing

enzymes, IAA or ethylene in developing pollinated
ovaries, but the increase in sucrose cleavage activ-
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ity in nonpollinated ovaries may be related to the
increase in ethylene production.

In many fruits, such as muskmelon (Cucumis melo
L.), fertilization of the ovary is necessary for proper
fruit development. Without fertilization the ovary
senesces and abscises from the plant. Phytohor-
mones play an important role in ovary and fruit de-
velopment before, during, and after pollination,
and, in some cases, applications of exogenous hor-
mones can replace fertilization and allow develop-
ment of the fruit (Goodwin 1978).

The increase in growth rate that occurs following
fertilization implies that the translocation of carbo-
hydrate into the ovary is also enhanced. There has
been much recent interest in the role that the en-
zymes of sucrose metabolism, especially the su-
crose synthase pathway of sucrose breakdown,
may play in the import of carbohydrate into a tissue
(Hendrix 1990, Lowell et al. 1989, Sung et al. 1989).

A number of studies on sugar metabolism in
muskmelon fruit have been reported (Hubbard et al.
1989, Lingle and Dunlap 1987, McCollum et al.
1988, Schaffer et al. 1987), but these were initiated
after fruit were well established. Other work inves-
tigated changes in phytohormone levels during fruit
or seed development (Brenner 1987, Dunlap 1989,
Dunlap and Robacker 1990, Goodwin 1978 and ref-
erences therein). However, the interaction between
phytohormones and sucrose metabolism during pol-
lination and fruit establishment has been largely ig-
nored. Little is known of the period just prior to and
immediately following anthesis. Muskmelon ova-
ries are very convenient for such studies, since sev-
eral are produced on a plant, and they are large
enough for easy handling. This study was con-
ducted to explore the possible relationship of sugar
content to activities of sucrose-metabolizing en-
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zymes, and the phytohormones ethylene and in-
dole-3-acetic acid (IAA) during the period just be-
fore and just after anthesis in muskmelon ovaries.

Materials and Methods
Plant Materials

Netted muskmelon, cv ‘Magnum 45’ plants were grown in 12-L
plastic pots containing a peat/vermiculite mixture in a glasshouse
in Weslaco, TX. Plants were watered daily; nutrients were sup-
plied by applying a commercial soluble fertilizer (N:P:K,
15:30:15). Nonpollinated ovaries were obtained by enclosing pre-
anthesis flowers in a bag made from a nylon stocking. Other
flowers were hand-pollinated at full anthesis to produce fertilized
ovaries. Flowers were collected at 48 h before anthesis (petals
emerging), at anthesis (petals fully opened), 48 h after pollination
(petals closed, ovary swelling), and 48 h after anthesis without
pollination (petals closed, ovary senescing). Petals, stamens, and
pistils were removed and ovaries frozen at —80°C. For IAA
analysis, tissue was lyophilized and stored at —80°C for no more
than 30 days. Freshly harvested ovaries from each stage were
used to determine ethylene production.

Sugar Content and Enzyme Activity

Half of each ovary was diced, and homogenized at 4°C in a buffer
of 50 mM K-phosphate (pH 7.5), 5 mM MgCl,, | mM EDTA, 5
mM Na,SO;, 0.5% (wt/vol) casein, and S mM DTT. The homog-
enate was filtered through cheesecloth, centrifuged (15,000 g,
4°C), and 2 ml of the supernatant was desalted by centrifugation
through a 5-ml column of superfine Sephadex G-25 preequilibrat-
ed with 25 mM Hepes-KOH (pH 7.5), 5 mM MgCl,, 0.5 mM
EDTA, and 5 mM DTT. Sucrose-phosphate synthase (SPS), su-
crose synthase (SS), acid invertase, and neutral invertase were
assayed immediately as described previously (Lingle and Dunlap
1987). Six replications (ovaries) were used per treatment.

The other half of each ovary was diced and extracted in the
above extraction buffer without casein. An aliquot of the filtered
homogenate was added to the same volume of 95% (vol/vol)
ethanol. This was stored at —20°C until assayed for sugars using
the method described by Hendrix and Peelen (1987). An addi-
tional aliquot of this extract was desalted as described above.
Protein was determined on this portion using the method of
Bradford (1976).

Phytohormones

Free IAA in frozen ovaries was extracted and assayed by GC-

SIM-MS as described in Dunlap and Robacker (1990). Ethylene
production of freshly harvested ovaries was determined by seal-
ing each ovary in a glass tube with a rubber serum cap. After
30-60 min, a 0.5-ml sample of the head space gas was analyzed
by gas chromatography (Dunlap 1988). For both phytohormones,
nine replications were used.

Results
Following anthesis, fresh weight of the pollinated

S. E. Lingle and J. R. Dunlap

Table 1. Fresh weight (FW) and protein content of pollinated or
nonpollinated netted muskmelon ovaries before, at, and after
anthesis.

Fresh Protein

weight
Stage (g) mg/g FW mg/ovary
Preanthesis 0.434 8.46 3.57
Anthesis 0.467 8.26 3.89
Pollinated 0.969 6.49 6.28
Nonpollinated 0.592 3.56 2.13
LSD p < 0.05 0.130 1.00 1.32

ovary doubled in 48 h (Table 1). No significant in-
crease in fresh weight was observed in nonpolli-
nated ovaries. Forty-eight hours after anthesis,
nonpollinated ovaries were visibly yellow and had
begun to senesce. Total protein content of ovaries
increased significantly with pollination, but relative
protein content per g of fresh weight decreased after
pollination due to the fresh weight increase. The
protein content and total protein of nonpollinated
ovaries decreased by 50% within 48 h after anthesis.
Total soluble sucrose and glucose content per
ovary increased following anthesis and pollination
(Fig. 1A), but the relative content per mg protein of
those sugars (Fig. 1B) decreased slightly in polli-
nated ovaries 48 h after anthesis. In contrast, sugar
content per ovary decreased after anthesis in non-
pollinated ovaries (Fig. 1A), but the content of glu-
cose and fructose per mg protein (Fig. 1B) remained
approximately the same. Sucrose was not detect-
able in nonpollinated ovaries 48 h after anthesis.
Total SPS activity per ovary did not vary with
development or pollination (Fig. 2A), while total SS
and acid invertase activities per ovary increased
with pollination, and neutral invertase activity de-
clined in nonpollinated ovaries. However, the spe-
cific activity of all enzymes remained unchanged at
48 h after anthesis in pollinated ovaries (Fig. 2B),
but increased significantly in nonpollinated ovaries.
Free IAA content was highest in ovaries har-
vested 2 days before anthesis (Fig. 3A). With the
onset of anthesis, IAA content decreased nearly

"70%. An increase in total free IAA content between

anthesis and 2 days after anthesis in pollinated ova-
ries was the result of the increase in fresh weight
(Table 1); relative IAA content remained the same
in pollinated and nonpollinated ovaries (Fig. 3B).
Ovaries were capable of producing ethylene before
and after anthesis (Fig. 3A and B), but ethylene
production by nonpollinated, senescing ovaries was
much greater than in ovaries at any other stage of
development.
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Fig. 1. Content soluble glucose (GLC), fructose (FRU), and su-
crose (SUC) per ovary (A) and per mg protein (B) in pollinated
(POL) or nonpollinated (NON) netted muskmelon ovaries be-
fore, at, and after anthesis. Bars represent = SE.
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Fig. 2. Total (A) and specific (B) activities of SPS,-SS, acid.

invertase (ACID), and neutral invertase (NEUTRAL) in polli-
nated (POL) or nonpollinated (NON) netted muskmelon ovaries
before, at, and after anthesis. Bars represent + SE.

Discussion

The increase in fresh weight of fertilized ovaries 48
h after pollination (Table 1) signaled the beginning
of the rapid growth phase. In a previous study,
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Fig. 3. Total IAA content (A) and content per mg protein (B) and
ethylene production in pollinated (POL) or nonpollinated (NON)

" netted muskmelon ovaries before, at, and after anthesis. Bars

represent + SE.

melon fruit grown under similar conditions weighed
300-500 g by 10 days after anthesis (Lingle and
Dunlap 1987). This increase in fresh weight of rap-
idly growing organs, such as ovaries and young
fruits, can mask changes in metabolite concentra-
tion on a cellular level. For this reason, data for this
study have been expressed both on a per ovary and
a per mg protein basis.

Ovary glucose content was more than twice the
fructose content (Fig. 1B). This contrasts with other
reports that showed approximately equal glucose
and fructose in developing muskmelon fruit 10 days
after anthesis (Lingle and Dunlap 1987, McCollum
et al. 1988). This imbalance may be the result of a
conversion of galactose to glucose in the ovary. Cu-
cumis is a stachyose-transporting species (Zimmer-
man and Ziegler 1975). Gross and Pharr (1982)
showed that the galactose produced in the break-
down of stachyose is readily converted to glucose in
the peduncle of cucumber (C. sativus) fruit. Galac-
tose was not assayed in the present study, and free
galactose was detectable by HPL.C only in full-slip
melon fruit (S. E. Lingle unpublished observa-
tions).

After anthesis, the increase in fresh weight of pol-
linated ovaries (Table 1) was paralleled by an in-
crease in glucose and sucrose content per ovary
(Fig. 1A). However, the relative sugar content per
mg protein decreased only slightly in the 48 h fol-
lowing anthesis in pollinated ovaries (Fig. 1B).



170

Since an increase in growth rate and volume with-
out an increase in sugar import would dilute the
sugar within the tissue, the rate of sugar import
must have increased following pollination. A case
has been made that sucrose-metabolizing enzymes
play a key role in determining the rate of sugar im-
port in sink tissues, such as ovaries or fruits (Hen-
drix 1990, Lowell et al. 1989, Sung et al. 1989).
However, the increase in the rate of sugar import
into ovaries following pollination suggested by
these data was not accompanied by any changes in
the specific activity of any enzyme assayed (Fig.
2B). Perhaps the increase in the total activity of SS
and acid invertase in pollinated ovaries 48 h after
anthesis (Fig. 2A) helped trigger the increase in
sugar import. Another possibility is that some of the
enzymes involved in biosynthesis of membranes
and cell walls also contribute to sink strength.

In nonpollinated ovaries sugar content per ovary
declined (Fig. 1A) within 48 h after anthesis, but
relative content per mg protein of glucose and fruc-
tose was essentially stable (Fig. 1B) due to the pro-
tein loss during senescence (Table 1). However,
there was a decrease in glucose and fructose con-
tent per ovary (Fig. 1A), and a loss of sucrose, 48 h
after anthesis in nonpollinated ovaries. These de-
creases were accompanied by increases in the spe-
cific activities of SS and the invertases in the se-
nescing, nonpollinated ovaries (Fig. 2B). Both the
decrease in soluble sugar and increase in specific
sucrose cleavage activity may be related to an in-
crease in respiration rates that frequently accom-
pany senescence (Solomos 1988), and were coinci-
dent to the increase in ethylene production by non-
pollinated ovaries (Fig. 3).

Changes in free IAA did not appear to be related
to changes in enzyme activities or sugars, since rel-
ative JAA content declined before pollination (Fig.
3B), while relative sugar contents (Fig. 1B) and spe-
cific activities of enzymes related to sucrose degra-
dation (Fig. 2B) remained the same, and enzyme-
specific activities increased in nonpollinated ova-
ries (Fig. 2B), while IAA content remained
unchanged (Fig. 3B).

In contrast to results reported for mung bean
{Yoshii and Imaseki 1981) and other tissues (Mattoo
and Aharoni 1988), changes in ethylene production
and IAA in ovary tissue appear to be unrelated. The
burst of ethylene production in nonpollinated ova-
ries (Fig. 3) more likely represents part of the signal
associated with senescence of the plant tissue
(Noodén 1988).

Pollinated ovaries 48 h after anthesis are greater
sinks for carbohydrate than ovaries before and at
anthesis, since relative sugar contents per mg pro-
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tein did not change significantly despite dilution by
increased volume. This increase was accompanied
by an increase in total but not specific activity of
sucrose degradative enzymes SS, acid invertase,
and neutral invertase. A significant increase in the
specific activities of sucrose-metabolizing enzymes
in senescing ovaries suggests an increase in respi-
ratory activity in those ovaries. There appears to be
no direct relationship between sucrose-metaboliz-
ing enzymes, IAA, or ethylene in developing polli-
nated ovaries, but the increase in sucrose cleavage
activity in nonpollinated ovaries may be related to
the increase in ethylene production.
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