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Prutoplasts purified from mesocarp of nonpellinated pea (Plsum sativien LY dvaries released ucid invertase to the Incubution medium. The dssocin-
tion af the acld invertase with microzomal feselians, and the sensitivity 1o energy-melnbolism inhibitors and 1o lunieamyein, indicated the seeretary
niiture of the release provess, In the presence of GA, (10 uM), the protophing Ineredsed theie invertase seeretan at abawt &0 min, this effect being
counterseted by tunicnmiyein bul not by cyclohexindde, Subeellular Fraetianation of GA,-Ireated pretapluss shawed that higher invertuse sceretion -
wus the result of a promotion of invertase trunsfer from endaplasmic retioulum (ER) to Galgi apparatus, ‘

Gibberellic ncid; Acid invertuse; Secretion; Protoplast; Pisum sarivem L.

l. INTRODUCTION

Plant growth regulators are involved in a variety of

growth and developmental processes in all plant -

organs, tissues, and cells [1]. But the fundamental ques-
tion that remains is by what mechanism they act,
Studies on the response of the cereal aleurcne layer

system to gitierellic and abscisic aclds, particularly with

reference to a~amylase, have contributed to progress in

the elucidation of growth regulator mode of action on.

protein synthesis and secretion [2].
In intact pea plants, application of GA: to non-

pollinated ovari¢s promotes sucrose unloading which

modifies the overall pattern of carbon allocation [3,4].
 Although such effects occur concurrently with the
' resumption of the ovary growth, many processes have
. to be initiated before growth starts. Pea ovaries contain

apoplastic and cell wall-bound acid ‘invertases which
-are implicated in the pathway of sucrose unloading [5].

Following GAj application to pea ovaries and before -

new outgrowth is produced, the activity of such inver-

tases is increased coinciding in time with a diminution .

of the activity of the intracellular acid invertase [5]. By
using a secretory protoplast system and subcellular
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fractionation, the present work reports on the enhance-
ment of .invertase secretion underlying. the GA;
response and the involvement of the microsomal mem-

. braneas in such proccsses.

2. MATERIALS AND METHODS

2.1, Planr material ’
“Plants of Pisiem sativern L. cv. Alaska 1o, 7 were grown as dc

. stribed previously [4), Flowers were emasculated two days before

anthesis (day =~ 2) and used in experiments (wo days after anthesis 3
{day +2). Only first flowers were used for experimental purposes

‘3.2, ‘Protoplust isglation ,from pea ovaries

Proteplasts were obtained fro;n nonpollinated avaries f‘rcshly col- :
lected at different stages of developrient. After excising them in thin
slices (about 0.1 mm), they were preincubaied for 30 min in a steriliz- .

" td buffer solution (BS) consisting of 0.5 M sorbilal, 0.05 mM MgCla,

0.05 mM CaCly, and § mM Mes.OH (pH 6.0). Ap enzymatic lysls of
the cell walls was then performed with BS supplemented with 0.05%
pectolyase and 1.5% cellulase {both previously passed through a
Phurmacia Sephadex G-25 columin) at 28°C far 150 min. The con-
tents of the Petri dishes were filtered through a double layer of a 200
#m nylon net and the resulting filtrate centrifuged at 80 x g for §

- min. The pelleted protoplasts were washed twice with BS and finally

resuspended in-1 ml of BS. The protoplasts were further purified to
avoid possible contamination by the enzymes of the dlgesuon medla

Cne ml of protoplast suspension was layered ‘on top of a Ficoll gra-

dient and centrifuged (40 min, 1000 x g, 4°C), The gradient con-
sisted of 2 ml of 20% (w/Vv) Ficoll in BS and 10% (w/v) Ficoll in BS
from bottom to.top, Purified protoplasts banding at the 10% /20%
Ficoll interface were harvesied with a Pasteur pipette, The size of
these protoplasts (>36 um), as well as as their high content in
amyloplasts and chloroplasts, indicated their mesocarpm ongm [6].

2.3, Secretory pea ovary promptasl system

Purified mesocarpic protoplasis were diluted in BS supplememed
with 10 mM MgCl: and 0.1% BSA up to 10% protoplasts/ml. .From
such an incubation medium, two aliquots of 100 il were withdrawn
at appropriale times and layered on top of a gradient composed of
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50#' of 1.8 M serbitel chatiam} und of u,n phieny! memyl slhicvne

ail AP 100, The praioplasts were separaied from (he lneubatlen |

miedlwn by conirifugation ar (2000 » g for 30 1. The upper phases
were collesied,. dialyzed avernight againu § mM: Hepex-KOH (pH
7.05 and their acid Invertase aetivity delermined,

When used, eyeloheximide (10 M) ar tuniesmyein (mmx‘ml) werg

present inthe Ingubation medium containing the pratoplasts fay 40

and 90 mip, reypectively, Both :omp,oundi were removed fram the
prmdpiasls by ¢entrifugation (5 min, 30 x g) and vwashing with 10
. vols of intubation medium. The effect of the cyreloheximide trea-
ment was tested by fallowing the incarperation of L-["'S|meihlonine
© inte 10% TCA-precipitable frastions, The other compounds, FCCP

(100 uM), CCCP (30 ald), NaMh (1 mM) and Gaa (10 ;.M). were

prcsem troughout the experiment.

.4, Microsomal fruction i
Purified mexoearpic protoplasts (10" pratoplasis/ml) were allowed

1o lyse in extragtion buffer (BB} consisting of 100 mM Tris-HC! (pH

7.8),.0.4 M sotbitol, 0.5% glyceral; | mM EDTA,  mM 2-mereapto
ethanal, 10 mM KCl and 0.1 mM MgCly. The resulting homogeaate

was sonicaled a1 O*C with three 3 5 ultrasound pulses. Then the

prolaplast lysate wis loaded directty onto a'step gradient. of 27%
(w/w) sucrose over 35% (w/w) sucrose in EB and centrifuged a
20000 x g for 4 h.at 4°C, Fractlons of 2 ml were collected using a
Microcol TDC 80 fraction codecter, and after dinlysis overnight
against 5 mM Hepes-KOH tpH 7,00, they were ass‘nycd for enzymatic
©ouctivities,

1.5, Enzyme assays
Invertase activity was assayed as reported [5], In niicrosomal frae.
tion, CCR (ER marker) assny was performed at 25°C by measuring
spectrophotometrically the reduction of eytoehrome ¢ at 550 nm [7).
" IDP-ase (Golgi marker} was determined as described (8] and also

‘G6PDh {cytoplasmic marker) was measured ns deseribed (9).in the .

s|ame rracllons
2,6, Protein determinations

~ Protein was determined acgsording 1o [IO] using the stain
Amidoblack [0 B and BSA as standnrd.

-3, RESULTS AND DISCUSSION

.1 Esrabhshmg a secrerory system with ppa ovary

pro!op!aszs
~ The increase of the cell wall-bound invertase activity
observed after GAj application to nonpollinated

ovaries in intact pea plants suggested that a promotion

of protein secrétion takes place as an early response to

GA; [5]. A secretory protoplast system has been:

“developed in order to characterize such a process. As
can be seen in Fig. 1, protoplasts obtained from non-
pollinated pea ovaries were able to release acid inver-

~ tase to the medium at different levels depending on the
stage of ovary development. Failure to detect G6PDh .

“and neutral invertase activities in the medium indicated
that there was very little or no breakage of protoplasts
during the incubation period. The possibility of re-
moving the activity from the incubation buffer with

concanavalin A indicated the glycosylated nature of

- such a protein (data not shown}. The treatment of the
protoplasts with tunicamygin, a drug that inhibits the
biosynthesis of AV-linked glycans, slowed down their in-

vertase export capacity (Fig. 2) suggesting that glycans

may play an important role on invertase secretion- (see
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Fig. 1, Developmental stage-dependent eapaglty of pea ovary pros
raplasts 1o release acid invertase activity (o the incubation medium.

- Twe samples were considered for day 2 after anthesis, one tnken at

the beginhing (2B, from 11 ¢o 13 h) and the other atthe end (2E, from
1R 1o 20 h). Results are the means of 3 cxperuueul: +SE, three ens
‘ :ymnnc Assnyy per experiment. -

also [11}). Phosphorylation energy has been deseribed
as a requirement for protein secretion {12, 13] When
energy- -metabolism inhibitors were added to the incuba-
tion medium, the outward movement of invertase
drastically declined as well (Fig. 3). Subcellular locali-
zation of invertases was investigated by wb;eanng pea
ovary protoplast homogenates Lo isopycnic sucrose gra-
dients (Fig. 4). While the neutral activity remained in
the non-particulate fraction (associated with a
cytoplasmi¢ marker), the distribution prof:le of the
acid invertase coincided with the marker enzyme ac-
tivities . for the Golgi apparatus (IDP-ase) and ER
(CCR). Indeed, one criterion to be fulfilled by secreted
proteins is that they must be associaied wnh the en-
domembrane system [13]
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Fig. 2. Effect of GA (10 pM) and/or tunicamycin on protoplasts in-
vertase secretion 1o the Incubation medium. Tunicamyein, when
added, was present during a preincubation period of 90 min and
eliminated afterwards. GA, was added at the time indicated as 0.

Results ere the means of 5'experiments + SE, three énzymatic assays

per experiment.
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Fig, 3. Effect of encrgy-metabolism inhibiars on the release of ucid

invenase activitg from mesocarple prmoplmts. The inhibliors were

asleded 19 the insubation medium at the time indicated as 0. Retults

~are the means of 8 experiments & SE, three cmrmmi: [ILAYS PEr 2%~
. periment. ‘

3.2. Effect of GAj on inveriase serrerian h
Addition of GA, (10 4M) 1o purified protoplasts ob-
tained from the mesocarp of pea ovaries at the be-
ginning of day +2, enhanced their invertase secretion
capagity in about 60 min (Fig. 2). This enhancement
could be eliminated by a pretreatment of the pro-
toplasts with tunicamycin. Moreover, the promotion of
the invertase secretion was not due to new protein syn-

" thesis because it was cycloheximide-insensitive (data

not shown). Control experiments run. in parallel
demonstrated that preincubation periods by themselves
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' Fig. 4. Localization of ER, Golgl apparalus and cytoplasmic marker
enzymes, and neutral (&) as well as acid invertase (O) activity in
siibeeliular fractions from pea mesocarpic protoplasts separated by

isopycnic densny gradlem centnt'Ugalmn
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. Fig. 8. Invertase specific activity associated with ER (eirelen) and

Golgl apparatus (trlangles) obtalned frem protoplasts treared with 10
M GAs (closed symbals) or nonetreated (open symbaols). The
microsamal fractionation was. perfarmed by dissantindoux suerose

© gradient eentrifuguiion. Results are the means of § experiments = SE,

hree eRZYMALC axsavy per expetiment.

did not affect GA; responses. Cercal aleurone pro-
toplasts also have the capacity to respond to GAj treat-
ment but the enhancement of protein secretion has a
lag-period which varies from 4 to 20 h (sce for review
(2,13).

Whilst the capacity of invertase secretion by pro-

‘. toplasts prepared from nonpollinated pea ovaries

declined throughout day + 2 (see Fig. 1), this tendency
could be reversed by incubating the protoplasts with

- GA,. Microsomal membranes obtained from pea ovary

protoplasts with _discountinuous sucrose gracdients

. enabled us to study the re-establishement of the

GA;-associated invertase release at a subcellular level
(Flg 5). Treatment with GA; provoked an increment of
invertase activity in the region corresponding to the
position of the Golgi apparatus and a decrease of the
same activity where the ER-marker enzyme banded as
well (Fig. 5). These changes were independent of the
presence of tunicamyein suggesting that they do not
reflect a different degree on mvertase glyccsylatmn in-
dticed by GAa :
At the same time, h:gher invertase actwny wias
detected in the protoplast incubation medium (Fig, 2).°
The Golgi apparatus and ER-marker enzyme levels re-.
mained unchanged during the period of activation of
invertase secretion, in agreement with electron
microscopic evidence [6] which indicates that the ER of |
pea ovaries did not undergo important changes at least
up to 6 h after GAs treatment. Hence, we conclude that

~ GA; stimulates the invertase traffic from the ER 1o the

Golgi apparatus on its way to the cell exterior.
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