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Flower-inducing activity in the phloem exudate of Pharbitis cotyledons was investigated ws-
ing the bioassay of Pharbitis and Lemna. By SDS-PAGE and 2-D gel electrophoresis of the
phloem exundate, two polypeptides of 11 kDa and of approximately 32 kDa (pI 6.9) showing
qualitative changes during the flower induction were detected. A polypeptide of approximately
20 kDa (pI 4.8) specifically labeled in vivo with [“Slmethionine was found during the inductive
dark period in Pharbitis cotyledon tissues. The polypeptide of the equivalent molecular mass
and with the identical pI value was also detected by in vifro translation assay. Thus, it is as-
sumed that the 20 kDa polypeptide plays a role in the process of flower induction in Pharbitis

cotyledons.
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Exposure of the leaves of plants to the appropriate
photoperiod induces the production of chemical sig-
nal which is transmitted to the shoot apices where
meristematic activity for vegetative growth is switch-
ed to the reproductive phase for the initiation of
flower. There are cvidences that promotive and/or in-
hibitory substances are involved in the induction pro-
cess (Evans, 1960; Lang et al,, 1977; Bemnier, 1988)
and the activity of transmissible floral stimulus has
been confirmed (Purse, 1984; Ishioka et al, 1990,
1991; Kim et al, 1994). However, lhe attempt to
identify molecular components involved in the
mechanism of floral induction has not been so suc-
cessful that chemical identity of floral stimulus syn-
thesized in induced leaves is still unknown. Changes
in gene expression are also a component of pho-
toperiodic floral induction (Kimpel and Doss, 1989).
Qualitative changes of proteins in Pharbitis co-
tyledons have been detected during the inductive
dark period (Stiles and Davies, 1976; Maeng, 1982;
Bassett et gl., 1991; Li and Tan, 1991; Ono et al,
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1991, 1993), and differentiation of RNA populations
in the photoperiodically induced Pharbitis cotyledons
has been studied (Gressel et al., 1978; Warm, 1984;
Lay-Yee et al., 1987a,b; Ono et al., 1996).

In the present study, we confirmed the activity of
floral stimulus in phloem exudate from pho-
toperiodically induced Pharbitis cotyledons by the
bioassay using Pharbitis and Lemna systems, and
identified a gene product expressed during floral in-
duction in cotyledons of Pharbitis nil Choisy cv.
Violet, a short-day plant, by irn vive labeling and in
vitro translation techniques.

MATERIALS AND METHODS
Plant Material and Culture Condition

Seeds of Pharbitis nil Choisy cv. Violet were stirr-
ed with concentrated sulfuric acid for 30 min, rinsed
and imbibed ovemight in running water. The seeds
were sown in acid-prewashed vermiculite in 12 cm
diameter pots and grown in a culture room with
Hoagland nutrient solution at 26+ 1°C under con-
tinuous illumination for 6-7 days. The irradiance
from mixture of cool white fluorescence lamps and
incandescence bulbs was adjusted at 15 W - m”.
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Collection of Phloem Exudate and Bioassay

Six day- old vegetative plants grown under non-in-
ductive continuous light were exposed to a single 16
h dark period for flower induction. The collection of
phloem exudate and the bioassay for measuring the
floral stimulus activity at the apices of Pharbitis
were performed according to Kim et al. (1994). Lem-
na paucicostata 6746, a short day plant, was also
used in the bioassay to confirm the activity. A 3-
frond colony of vegetative Lemna which has been
aseptically grown under non-inductive continuous
light was incubated in 10 mL of 1/10 strength E
medium (Cleland and Briggs, 1969) containing the
exudate of appropriate concentrations under various
photoperiods. The activity of floral stimulus exerted
in Lemna system was analyzed as described in the
previous report (Maeng, 1977).

Protein Extraction from Phloem Exudate

One mL of phloem exudate was precipitated by
addition of 0.25 mL of 50% (w/v) trichloroacetic
acid followed by incubation at 4°C for 30 min. The
pellet was harvested by spinning at 12,000 g for 5
min and resuspended in 1 ml. of ice-cold acetone,
spun down at 12,000 g for 5 min and was lyo-
philyzed. The sample was dissolved in 20 pL of
SDS gel-loading buffer (0.06 M Tris-HCl (pH 6.8),
10% glycerol, 0.1% (w/v) bromophenol blue, 2%
SDS, 5% {-mercaptoethanol) and stored at -70°C.

SDS-Polyacrylamide Gel Electrophoresis

Discontinuous SDS-PAGE (15% polyacrylamide)
was performed according to Laemmli (1970) with a
slight modification for analysis of protein profiles in
the phloem exudate from Pharbitis cotyledons.
Twenty pulL of TCA precipitate was loaded onto the
gel and the gel was run at constant current of 15
mA.

In Vivo Labeling and Protein Extraction

To analyze the polypeptides synthesized in intact
cotyledons exposed to inductive or non-inductive
photoperiods, vegetative seedlings with a pair of ful-
ly expanded cotyledons were excised at hypocotyl
level and the cut end was kept submerged in 1 mL
of HEPES buffer solution containing 100 pCi/mL
[**S]methionine (Amersham) for 3 h in the light for
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preconditioning. At the end of 16 and 24 h incu-
bation in the light or dark periods respectively, la-
beled cotyledons were harvested, quickly frozen
with liquid nitrogen and stored at -70°C.

The labeled cotyledons were ground in liquid ni-
trogen with a mortar and pestle. The powder of the
tissues (1 g) was suspended in 100 puL of a son-
ication buffer (0.1 M Tris, 50 mL Mg(Cl, - 6H,0,
pH 7.4) and vortexed. The homogenate was cen-
trifuged at 10,000 g for 1 min. The supernatant was
collected and stored at -70°C until use. The con-
centrations of protein samples were determined by
BCA protein assay (Pierce) using BSA as standard.

mRNA Extraction and In Vitro Translation

Cotyledons from either non-induced or induced
seedlings were ground in liquid nitrogen with a mor-
tar and pestle. Total RNA was extracted from 5 g of
the powder using the single-step method of Chomec-
zynski and Sacchi (1987).

Poly(A")-RNA was isolated from the total RNA
dissolved in distilled water using QuickPrep mRNA
purification kit (Pharmacia BioTech). One pg of
mRNA was translated in vitro using rabbit re-
ticulocyte lysate (Promega) in the presence of 20
uCi of [**SJmethionine (Amersham).

Two-Dimensional Gel Electrophoresis

Two-dimensional gel electrophoresis was per-
formed according to O'Farrell (1975) with a slight
modification. Tube gels (length, 120 mm,; internal di-
ameter, 2.5 mm; 4% (w/v) polyacrylamide, 9 M
urea, 2% (v/v) Nonidet P-40, 4% (v/v) Ampholine
(pH 3.5-9.5: Pharmacia), 2% (v/v) Ampholine (pH
3.5-10.0: Pharmacia), 0.01% (w/v) ammonium per-
sulfate, 0.1% (v/v) TEMED) were prepared for
isoelectric focusing as the first dimension. The gels
were loaded with 20 pL of sample solution, son-
icated with 20 mg of urea for 30 seconds, over-
layered with 10 uL of overlay solution (8 M urea,
0.8% (v/v) Ampholine (pH 3.5-9.5), 0.2% (v/v) Am-
pholine (pH 3.5-10.0), 5% Nonidet P-40). After
isoelectric focusing at 400 V (16 h) and at 800 V
(2 h), the gels were subjected to the second-direc-
tion electrophoresis at constant current of 15 mA.
The second dimensional gels were prepared with
15% SDS-~ polyacrylamide. The gels were dried and
exposed to X-ray film (Hyperfilm-§ max, Am-
ersham).
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RESULTS AND DISCUSSION
Bioassay for Flower-Inducing Activity

Pharbitis cotyledons were exposed to a 16 h dark
period for the induction of flower. At the end of the
dark period, cotyledons were excised and phloem
sap exuding from the cut ends of cotyledonary
petioles was collected. Flower-inducing activity in
the ecxudate was confirmed in the bioassay with
Pharbitis and Lemna systems. A successful inducton
of flower was observed in vegetative Pharbitis ap-
ices with the exudate added to the culture medium
(Fig. 1). Flowering response of the plantlets was in-
creased as the exudate in the culture medium was be-
ing concentrated; 5% phloem exudate in the medium
evoked 20% flowering, while 40% exudate in-
creased the flowering response three times.

The presence of flower-promoting activity in the
phloem exudate from florally-induced Pharbitis co-
tyledons was also demonstrated in Lemna assay
(Figs. 2 and 3). The exudate collected from non-in-
duced cotyledons showed no promotive effect, while
the one from induced cotyledons exerted its pro-
found flower-promoting activity in Lemna pau-
cicostata 6746, another short-day plant, grown under
15 h light-9 h dark or 14 h light-10 h dark cycles. It
was noticed that the promotive activity of Pharbiris
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Fig. 1. Flowering responses of vegetative apex cultures of
Pharbitis nil to the phloem exudate collected from florally-
induced cotyledons of Pharbitis nil exposed to a single 16
h dark period. Phloem exudate had been lyophilyzed be-
fore added to the apex culture medium. Data are shown
with standard errors.
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exudate on Lemna flowering was depressed at high-
er levels of the exudate in the medium, suggesting
that each of the two short-day plants, Pharbitis and
Lemna, requires different concentrations of flower-in-
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Fig. 2. Effect of phloem exudate of Pharbitis cotyledons
on flowering of Lemna paucicostata 6746 grown under 15
h light -9 h dark cycles. Phloem exudate was collected at
the end of a 16 h dark period (@) or collected under con-
tinmous light (O). FL%, flowering percentages. Data are
shown with standard errors.
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Fig_ 3. Effect of phloem exudate of Pharbitis cotyledons
on flowering of Lemna paucicostata 6746 grown under 14
h light-10 h dark cycles. Phloem exudate was collected at
the end of a 16 h dark period (@) or collected under con-
tinuous light (Q). FL%, flowering percentages. Data are
shown with standard errors.
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ducing substance(s) in Pharbitis exudate for the max-
imum induction of flower.

Peptide Profiles in Phloem Exudate

Although it was confirmed that the flower-inducing
activity was present in the phloem exudate, it was inev-
itable to mvestigate the chemical idendity of the ac-
tivity. As the first step, changes in protein profiles in
the process of flower induction in the cotyledon tissues
was analyzed. The protein samples were extracted
from the concentrated phloem sap exuding out either
from induced or non-induced cotyledons and were
analyzed by electrophoresis (Fig. 4). In the induced ex-
udate, the quantity of an approximatcly 40 kDa pep-
tide was increased, while thosc of about 13, 31 and 43
kDa were reduced. Qualitative change of a peptide of
11 kDa specific to induced exudate indicated that sub-
stances of relatively low molecular weight may be in-
volved in the flower-inducing activity in the exudate
of Pharbitis cotyledons.

Two-dimensional gel electrophoresis was  per-
formed to detect the quantitative changes of the pep-
tides in the phloem exudate during flower induction
(Fig. 5). The quantity of an approximately 40 kDa
peptide (pI 6.4) was increased in the exudate of in-
duced cotyledons, whereas the amounts of six pep-
tides of approximately 31 (pI 6.7), 35 (pI 6.3), 43
(pl 6.9), 48 (plI 5.8), 50 (pI 6.8) and 68 kDa (pI 5.9)
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Fig. 4. Silver stained SDS-PAGE of the phloem exudate
collected from induced (Lanes 1,3,5) and non-induced
(Lanes 2,4,6) Pharbitis cotyledons. Each lane was loaded
with equivalent amount of protein exiracted from a co-
tyledon. Loci of peptides increased () and decreased (—)
in the exudate of induced Pharbitis cotyeldons are shown.
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were decreased. It was specifically noticed that the
peptide of about 32 kDa with pl 6.9 was detected
only in the induced exudate. This peptide was not
detected by SDS-PAGE but by 2-dimensional gel
electrophoresis. The possible explanation of this
phenomena is that it might have been masked by
peptides of similar sizc and unable to be detected by
SDS-PAGE. The peptide of 11 kDa that appeared
only with the inductive treatment on SDS-PAGE
could not be detecled. It was likely that it had a pl
value beyond the range of the two-dimensional gel
electrophoresis.

In Vivo Labeled Proteins

In leaves and cotyledons that photoperiodically in-
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Fig. 5. Two-dimensional gel electrophoretic comparison of
protein profiles in the phloem exudate of Pharbitis co-
tyledons. Exudates were collected in non-inductive con-
tinuous light (A), or at the end of a 16 h inductive dark
period (B). Proteins with significant changes in their ra-
dioactive label are indicated by circles with numbers.
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Fig. 6. Fluorograms ol in vivo labeled protcins on 2-D gel electrophoresis extracied from Pharbitis cotyledons. Panels A, in
vivo labeled proteins from non-induced cotyledons exposed to a 16 h light period; B, proteins from cotyledons induced by
16 h dark; C, proteins from non-induced cotyledons kept in a 24 h light period; D, proteins from cotyledons induced by 24
h dark. A circle in B or D indicates a locus of a protein synthesized specifically under the inductive condition.

duced to flower, genes specific to flower induction
are expressed (Stiles and Davies, 1976; Lay-Yee er
al., 1987ab). The proteins specifically synthesized
during the process of flower induction in cotyledon
tissues were examined by in vivo labeling with [°S]
methionine (Fig. 6). Within the range of molecular
mass of approximately 14 to 120 kDa and with pl
range between 4.0 and 8.0, more than 150 spots
were located. A labeled polypeptide of about 20
kDa with pl value of approximately 4.8 was found
in the fluorograms of the induced cotyledons. An e-
quivalent spot could not be detected for non-induced
vegetative cotyledons. It was observed that during in-
ductive 16 h and 24 h dark periods, the protein spec-
ific to flower induction in cotyledons was syn-
thesized. Bassett et al (1991) could not find any
differences in soluble proteins extracted from Phar-
bitis cotyledons by 2-D PAGE, while Li and Tan
(1991) observed the appearance of a specific po-
lypeptide spot of 19 kDa (pI 4.5) at 24 hours after
16 h dark period. Presumably 20 kDa protein that

we detected would be identical to this 19 kDa pep-
tide. Ono et al. (1993) also examined proteins la-
beled in vivo with [“S]methionine extracted from
Pharbiris cotyledons. They found po qualitative diff-
erence between induced and non-induced treatments.
However, they found that the intensity of one po-
lypeptide of 22 kDa with pI 7.5 showed quantitative
changes. We were not able to find 22 kDa (pI 7.5)
on the fluorograms. The discrepancy among the re-
ports mentioned above may result from the diff-
erences of the experimental techniques.

In Vitro Translation Product

To examine whether the 20 kDa protein detected
by in vivo labeling technique was a translation pro-
duct from mRNA expressed during flower induction
in cotyledons, mRNAs were extracted from induced
and non-induced Pharbitis cotyledons and translated
in vitro in the presence of [*S]methionine using rab-
bit reticulocyte lysate. Two-dimensional polyacryla-
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Fig. 7. Fluorograms of in vitro translation products on 2-D
gel electrophoresis from mRNAs isolated from Pharbitis
cotyledons treated with non-inductive 16 h light (Panel A),
or from cotyledons exposed to an inductive 16 h dark
period (Papel B). A circle in B shows a locus of a protein
synthesized specifically during flower induction.

mide electrophoresis was performed to analyze the
translation products (Fig. 7). More than 100 polype-
ptide spots were located on 2-D gels, most of which
were found to have molecular mass of approximately
14-120 kDa and with pl values ranging 4.0-9.0. As
shown in Figure 7, most of the translation products
showed quantitative differences between induced and
non-induced conditions. However, one spot of ap-
proximate molecular mass of 20 kDa with pl 4.8
could be identified only in induced systern. This po-
lypeptide which is identical to the one from the in
vive labeled polypeptides is assumed to be a product
of a gene expressed specifically during the flower in-
duction in Pharbitis cotyledons. However, it is not
certain yet whether the peptide of 11 kDa detected in
the phloem exudate (Fig. 4) was a processed form of
20 kDa protein or a product from 20 kDa-mediated
gene expression.

Using a wheat germ system, Lay-Yee er al
(1987b) found a 28 kDa polypeptide with pl of 6.6
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which was specific to the induced Pharbitis co-
tyledons. Using a rabbit reticulocyte lysate, Ono et
al. (1991) failed to detect the spot (28 kDa) that Lay-
Yee et al. had previously found. We were not able
to spot the 28 kDa polypeptide either, since systems
and methods we adopted were different from them
used by Lay-Yee et al. The experimental systems
used in the present study have some limitations that
relatively smaller polypeptides of less than 14 kDa
are beyond the ranges of detection. It can be sug-
gested that in vitro translation will be performed
with mRNAs of 500 bp or shorter to detect small
sized-polypeptides specific to the flower induction in
Pharbitis cotyledons, and the product will be separat-
ed on the high percentage gradient gel.
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