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’!‘l-e prolems from plasma membranes I'rom sugar lne! leaves were solubilizcd hy 1% CHAPS and separated by size

hy and by The fr; iched in sucrose transporter
were monitored in three ways: diffe:-ential labeling, ELISA, and reconstitation in proteoliposomes. When the plasma
membranes were differentially lat::led by V. ¢z in the p of sucrose, a major peak of differential

labeling was found at 120 kDa upca gel filtration. Whoun this peak was recovered, denatarated by sodium dodecyl
sulfate angd reinjected on the gei filtration column, it yielded & peak of differential labeling at 42 kDa. When
unlabeled membranes were used, the fractions eluted from the column were monitored by ELISA for their ability to
recognize a serum directed against a 42 kDa previously identified as a puiative sucrose carrier. The resuits
paralleled those obtained by differential labeling, i.e. a major ELISA-reactive peak was found at 120 kDa upon gel
ﬁllramn. and tllis mk vielded a peak most reactive at 40 kDa after denaturation. The 120 kDa peak prepared
from 0

was further on a Mone-Q coluwn. The fractions were monitored by ELISA as
described above, and ituted intn i using lectin. Active of sucrose, but not of
valine could ‘3 observed vith the reconstituted 120 kDa fraction. When the eluates from the Mono-Q column were
reconstituted, the fractions exkibiting highest port activity wer~ enri with a 42 kDa band. The data provide

the first report concesning reconstitution f sucrose transport activity and confirm the invcivement of a 42 kDa
polypeptide iz sweiose transport.

Introduction of sucrose depends directly on the activity and on the
distribution of sucrose carricrs located at the plas-

According to the mass-flow model. t of su- 1 and possibly 2t the tonoptast.
crose in the plant affects not only the partitioning of While the hexcse carrier has now been identified
sugars, but also that of other phlocm solittes (nitroge-  und cloned in Chiorella and in Arabidopsis [2-4}, the
nous compounds, ions) [1]. Sucrose transport s there-  data concerning the sucrose carrier are still confuse. In

fore very important for plant productivity, not only in soybean covyledons, a 92 kDa polypeptide has been
terms of sugars, but also more generally in terms of the identificd v :th a photol; zable derivative of sucrose as a
biomass harvest.d tn the sinks. Long distance transport putative sucroo~ cerrier [7). Although this polypeotide

appears in the mi fraction of soybcan cctyle-
—— don vells concomitantly with the onset of actice sucrose
Abbrevations: CHAJPS" Ll("d'"l'""'d"mﬁ“‘:‘:':; ‘:‘y':';"':’:";' influx, no fanctional evidence concerning the identity
dient; DTT, dllhmﬂrrcﬁil ELISA, enzyme- of this protein is available, and its sequence does not
t assay; HPLC, high performance Tiquid chro- show any homology with any known bacterial or animal
o et hylmadcio L

3 PAGE. pul gl sugar carrier [6). Differential jabeling of broad bean
SDS. sodium dodecy) sulfate.

memurane electrical
linked immun.

electrophores microsomes [7] and purificd plasma membrane vesicles

c S, Delron, L . . o from broad bean [8) and sugar beet (9] leaves by NEM
. Delrot, de Physiologie ct N . N .

Végétales (CNRS UA 574), 25 rue du Faubourg St-Cyprien, 86000 allowed the identification of an integral 42 kDa
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France. polypeptide which was specifically protected by su-
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crase. Since polvclonal antibodies raised againist tiic 42
kDa region of the plasma membrane selectively inhib-
ited the upteke of sucrose into broad bean mesophyll
protoplasts without affecting the uptake of hexoses or
of amino acids, it was concluded that a 42 kDa
lypeptide may be a of the sucrose carrier
of the plant plasma membrane [I6]. Recently, tech-
nigues were designed to study the active uptake of
sucrose into purified plasia membrane vesicles artifi-
cially energized by a proton motive force {11-15]. The
gra s (ApH and A¢) obtained after artificial cner-
gization of thesc wesicles have been characterized [16].
as well as proton fluxes associated with sucrosc uptake
in this material [17]. All the data point out to a
proton-sucrose cotransport system operating in puri-
fied plasma membrane vesicles from plam leaves, con-
fi nmng uu tier phy-uu.ogwal evidenee {18-20]
several did have been
proposed as sucrosc carriers of the plant plas-
malemma, and aithough it is possible to drive active
uptake of sucroie in plasma membrane vesicles by
imposing 2:tificia, ion gradicnts, no report of reconsti-
tution of active transport of sucrose in proteoliposomes
is available. The present paper makes use of the recent
progress summarized above to identify rlasma mem-
brane {raciions with whick transport activity specific
for sucrese could be reconstituted. Identification of the
sucrose carrier under its native form was based both on
the reenlte of differential lubeling and on immuno-
logical data.

Materiails and Methods

Isolation of plasma membranes. Svgar beet plants
{ Beta ruvigaris L. var. Aramis) were grown as described
in Ret. 9. Mature exporting leaves (-5 weeks old)
were used for the preparation of plasine membrane
wvesicles. Plasmz membranes vesicles (95% pure) were
obtained {rom a microsomal fiaction by 1wo-phase-par-
titioning between Dextran T 500 and poly(ethylene
glycol) 3350 13,i6].

Differential labeling. Plasma membranc vesicles were
differentially labeled by a procednre using [*HINEM
and [“CINEM in the presence of citber sucrose or
palatinose as protecting sugars. According o this pro-
cedure, detailed in Ref. 9, the polypeptides protecied
by the sugar tested (cither sucrose or palatinose) bind
more [*HINEM, while [YCINEM is used to trace back-
ground tiuols. The [PHINEM/[CINEM ratio which
was i { on the polypeptides separated by SDS-
PAGE in the previous work {9}, was measured on the
different traciions iecovered after solubilization an:
separation ui the polypeptides by HPLC in the presem
work. For eaci: {raction cluted from the column, a
differentiac labeling index was calculated accorcing
to the formula: [((*H of the fraction)/{™C of whe frac-

tion)]/[(total *H of the sample injected)/(total C of
the sample injected)]. Differential labeling in the pres-
ence of palatinose (6-O-a-p-giucoyyranosyl-p-frueto-
furanose, a non-transpoited analogue of sucrcse [1])
was run as a control o identify the peaks of labeling
that were specific for sucrose [9].
Solubilization and high performance liquid chro-
graphy. Plasma t vesicles were resus-
pended (4 mg/mi} in a medium containing 20 mM
potassiuin phosphate (pH 6.0y, 330 mM sorbitol, 10%
glycerol, 0.5 mM CaCl,, and 0.25 mM MgCl,. CHAPS
ifinal concentration, 1%) was added dropwise under
constant stirring at 4°C from a 10% stock solution
prepered with the same medium. After 45 min solubi-
lization, tiic wsoluble material was pelleted down by
centrifuga:i s at 100000 X g for 30 min. Under these
conditions, CHAPS solubilized about 55% of the total
membrane proteins. The supernatant (referred to as
*CHAPS supernaiant’) was frozen at —70°C until fur-
ther use. After thawing in a water baih at 25°C, the
solubilized proteins (1.5 mg, 500 i were applied to a
TSK SW-3000 gel filtration column (30 X 0.75 cm, Su-
pelco) equilibrated with 50 mM Tris-acetate (pH 6.7),
100 mM NaCl and 0.1+ CHAPS. The proteins were
cluted at a flow rate of 0.4 ml/min and collected in 0.4
ml aliquots. The ability of cach fraction to react with
an antiserum directed against che 42 kDa polypeptide
of the plasma membrane assumed to be the sucrosc
carrier [9,10] was tested hy ELISA i described below.

The gel filtration coiumn was celibrated with molec-
ular weight standards, in the presence of 0.1% CHAPS
when the *CHAPS supernatant’ analyzed, or in the
presence of 0.1% SDS when proteins denaturated by
SD3S were analyzed. The molecular weight dard:
weie obtained from Bochringer (Combithek size 11)
and consisted of cytochrome « (12.5 kida), chymotryypsi-
nogen A (25 kDa), hen egg albumin (45 kDa), bovine
scrurm. aibumin (68 kDa) and aldolase (153 kDa).

The 120 kDa fraction recovered after gel filtration
chromatography was dialyzed and concentrated over-
night in a buffer containing 20 mM Tris-HCI (pH 8.3)
and 0.15% CHAPS. The "i20 kD2’ fraction (0.6 mg)
wae then injected on a mono-Q colume (HR5/5; Phar-
macia) wnh a flow rate of 0.75 mi, /—nm A step gradi-
ent was i ith the two foll onts: A, 20
wmM Tris-HCl + 2.3 mM (0.15%) (,HAPS B CA+IM
NaCl. The solvents were changed as follows: 0-5 min,
100% A; from 5 to 35 min, solvent B was introduced to
form a linear gradient up to 50%; 35-40 min, 100% B.
The fractions (0.75 mi) were analyzed for UV ab-
sorhance and recoguition by the anti-42 kDa serum.
The polypeptides cluted from the column were sepa-
rated by SDS-PAGE [9] and visuaiized after silver
staining [22). In some experiments, 50 mM suerose or
50 mM lactose were included in buffers A and B, to
test the effects of these sugars on the elution and on




the recognition of proteins by the anti-42 kDa serunv.
While sucrose is oliviously a substrate for the sucrose
carrier, laciose is not transported by this transporter
[21).

Immunological procedures. The 42 kDa antigen was
prepared from preparative SDS-PAGE of purified
plasma membranes from sugar beet leaves [9]. A mouse
ascite fluid directed against this polypeptide was ob-
tained by the immunization procedure described in
Ref. 23. This ascite fluid was used to moniior the
reactivity of the plasma membranes ins cluted
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from a 10% stock solution prepared in 50 mM potas-
sium (pH 7.5), and thc tube was vortexed for 15 s.
Glycerol (20%, final concentration, v/v) was added
and the tube was vortexed again for 15 s. 1 mg (1.7 mi)
of membrane protein ‘CHAPS supernatant’, 126 kDa
fraction (as referred 1o in the results) or More-Q
cluate were added to the tube, and incubated 30 min at
4°C. The insoluble maicrial was then removed by pel-
leting at 100000 X g for 45 min. Keconstitutior was
donc by adding 2 mi of the supernatant in a tube

from the gel filtration column by means of an ELISA
test and by Western blot.

200 pl (3-7 pg protein) of each aliguot recovered
from HPL.C (gel filtration or ion exchange) were used
to coat ELISA plates overnight. This amount of pro-
tein was higher than that needed to saturate the ad-
sorption sites of the well (2 pg). The welts were washed
three times 15 min with phosphate buficr saline con-
taining 3% defatted dry milk and 0.5% (v/v) Tween
20. The ELISA test was run using standara procedures
with a 1/508 dilution of primary (:nti-42 ) ascite
fluid and a i /2000 dilution of horscradish pereiydase-
conjugated goat anti-mouse aniivody (EIA grade, Bio-
Rad). In some expcriments, the cffect of . dding su-
crose or lactose in the clution bufi.r of the column was
studied on the ELISA response. In this catc, the sugar
was present in the coating medium, but all the other
steps of the ELISA wecre run with stanclard media
without sugar.

The CHAPS supernataiit and some of *he fraciions

5 mg driad asvicctin and 178 u) of 50 mM
potassium phosphate buftzr (pH 7.5). The tube was
sonicated for 30 min, and 44 ul of a 10% CHAPS
solution were added before vortexing. and incubation
for 30 min at 4°C, Proteolipcsomes were formed by
rapid injection (Pasteur pipei) of the ice-cold solubi-
lized protein/phospholipid mixture intc 25 ml of 50
mM potassium phosphate (pH 7.5). The tube was incu-
bated 20 min at room temperature 2ad centrifaged for
1 h at 100000 X g. The final pellet was resuspended
into 100 p! potassium piosphate buffe (pH 7.5).

The CHAPS supernatant contained crough protein
to be reconstituied ‘directiy’; yet, 10 reconstitute tie
120 kDa fraction, it was neccssary to pool the 120 kDa
eluates of three runs on the gel filtration column. The
120 ¥Da fraction pooled in this way was concentrated
under pressure using an Amicon systcm equipped with
a 10 kDa cut-off size filter, and uscd for reconstitution
as described above. ‘To reconstitute the fraciions eluted
from the Mono-Q column, it was necessary to pool the
corresponding eluates of 30 injections on the column.

recovered after gel filtrativa and/~ ion
3 h lyzed by Westcrn blot ac-

weie
cording to Ref. 10, afier separation of the proteins
contained by SDS-PAGE. About 60 ug protein were
deposited in cach well. The proteins transferred to the
nitrocellulose sheet were stained for 10 mun in 2 solu-
iion ¢ 3% (w /w) trichl ic acid and 0.2%
(w, W) Peneeaun red. Proteins were assayed according
to Ref. 24,

Rec i P ion was done
followinz a procedure modified from Ref. 25. Soyb

The fi were «'cd as described above for
the 120 kDa ‘raction before heing reconstituted.
Uptake experiments. Uptake experiments with rccon-
stituted proteoliposomes containing either the ‘CHAPS
supernatant’, the ‘120 kDa iraction’ or fractions eluted
from the Mono-Q columin were run according to the
technique previously designed to study active uptake by
native plasma membrane vesicles [13], after imposition
of £pH and Ay across the membrane. For compari-
son, uptake cxperiments ‘vere also run with native

as-lortin {Sizma 1V-8) was dissolved in ciloroform at a
concentration of 200 me/mi and swied at --20°C
unde: N,. To prepare lipids for use during recons
tion, 4.4 mg asolectin were dricd under N,, rotari
the tube to form a thin film. To remove residual
chloiciorm, the phospholipids were washed with 1 ml
of cold (—20°C} dicthyl cther and evarorated to dry-
ness. The lipids were dried for an adyitionai 36 min
under vacuum to remove all traces of sulveit. The
lipids were resuspended in 400 g of sclution contain-

ing 50 mM poiassium phosphate (pH 7.5) and | mM

DTT. The mixture was bath-sonicated {Rransonic-5
sonicator) to clarity (about 30 min) in a wbe immersed
in ice. CHAPS (1%, final concentration) was added

plasma vesicles, Bricfly, the membranes
were first equilibrated with a medium {medium K)
containing 0.3 M sorbitol, 50 mM potassium phasphate
{pH 7.5}, 0.5 mM CaCl,, 0.25 mM MgCi, and 0.5 mM
DTT, at a concentraiion uf i5 mg protcin per mi. At
the beginning of incubation, 2 xl of this suspension
‘vere suspended in 400 mi of a medium containing 6.3
M sorbitol, 50 mM sodium phosphate (pH 5.5), 0.5 mM
CaCl,, 0.25 mM MgCl,, 9.5 mM DTT, 5 uM valinc-
iiycin and 1 mM [6,6'(n)-*Hsucrosc (26 kBq) (medium
Na). The pH buffers used and the combination of

K*/valinomycin energized the vesicles by the sreatien

of ApH (interior alkaline) + 4¢ (interior negative). At
the end of incubation, uptake was terminated by addi-
tion of 1.75 ml of chilled rinsing medium (medium
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Nz+5 mM HpCi,), and Sltration on a Millipore
HAWRP filter, pore size 0.42 um for the plasma mem-
brane vesicles, or on a Millipore GS filter, pore size
0.22 pm, for the proteoliposomes. Sucrose uptake was
measured as the difference between uptake at the time
selected and time zero (i.c. the samples were immedi-
ately diluted with ice-cold blocking medium contairing
i mM HgCl, and filtrated). Uptake under non-en-
ergized conditions was 21so studied by cquilibrating the
vesicles in medium K, 2nd resuspending them in the
same medium, in the presence of 5 uM nigericin to
collapse any gradient.

In some experiments, the sarie prcedure was uscd
to study the upiake of valine, excep. that the incuba-
tion medium contained 1 mM L{3,3(n)-*Hvaline (185
kBq) instead of labeled sucrose.

All experiments (HPLC and uptake ec:periments)
were repcated at feast threc times with similer results.
In each uptake experiment, data points were the mean
of four independeni samiples.

Results

Differential labeling and fractionation of membrane pro-
teins
irst, the labeling pattern of plasma membrane vesi-
cles .ifferentially labeled by [*HINEM,/{*CINEM in
the presence of sucrose was studied after solubilization
of the mtegral proteins by CHAPS, and size exciusion
phy of these il under non-de-
naturating conditions. These data were compared with
the labeling pattern of plasma membrane vesicles dif-
ferentially labeled in the presence of a non-protecting
sugar, i.c. palatinose. Fig. 1A shows that the pattern=
obtained were quite similar, except for a peak differen-
tially jabeled only in the presence of sucrose, located at
—-i25 kDa. This peak was collected and pooled as
shown by the dotted area in Fig. !1A. From the UV
.absorbance data, ti'c proteins pooled in this way ac-
counted for about 27 uf the luiat-plasma membranc
proteins. In the following, this fraction will be referred
to as the *120 kDa fraction’.

The 120 kDa fraction from membranes differentiaily
labeled by [*HINEM /[ *CINEM eithor in the presence
of sucrose or palatinose was denaturated by SDS (1%,
85°C for 15 min) and resnbmitted to gei filtration.
Under these conditions, ihe 120 kDa fraction from
plasma membrancs differeniially labeled in- the pres-
ence of sucrose yielded a rather large peak centered
around 42 kDa (Fig. 1B). The differential labeiing was
much more apparent after denaturaticn by SDS, since
the labeling index hed 4 for the d d pro-
teins (Fig. 1B), compared to 1.4 for the native proteins
{Fig. 1A).

F ion of b
the anti-42 kDa ascite fluid

Various polyclonal anti-42 kDa sera, including the
ascite fluid used for the present study, inhibit active
uptake of sucrose into protoplasts {8] and into purified
plasma membrane vesicles [18,26]. The ascite fluid
reacted with a rather wide region of the plasmalemma
around 42 kDa, but no other region of the plasma
membrane cross-reacted with this serum [27].

After gel filtration under non-denaturating condi-
tions, a broad region around 120 kDa was the most
reactive in ELISA with the anti-42 kDa serum (Fig.

2A). This peak accounted for sbout 23% of total
plasnia membmne proteins. When the 120 kDa peak
was d by SDS and bmitted to
el filtration, the major ELISA-rzactive peak was ob-
served around 40 kDa, viuie the 120 kDa peak was
slrongly reduced (Fn& 2B) (two expenmems) or com-
pletely d d (three on
the experiments.

When the 120 kDa pecak was subjected to ion-ex-
change ch hy under nos-d ing condi-
tions, a broad peak recognized by the anti-42 kD2
ascite fluid was cluted between 0.27 and 0.31 M NaCl

proteins as i d with

40 MW &Da)

2t I~ or suceuse
@+ palutinose

160120 80 40 MW (xDa)
1 T 1

0 124KD sucrosesSDS
@ 124KD palatinoscs SDS

Differentia! labeling
.

o 10 20 30 40
Fractions

Fig. s Labeling profix of plasma menénaaes pioteins differentially
labelers by NEM in the presence of either sucrose () or palatinose
(®), after size exclusion chromatography on a TSK-SW 3000 column,
{(A) The plasma membrine proreins were difterenicly labeled, solu-
bilized by 1% CHADS, and injected on the gel filtration column, (B)
The 120 kDa fruction (dotted area in Fig. 1A} of membiunes differ.
cntially labeled in the presence Jf either sucrc ¢ palatines
collected, denaturated by 3135, and analyzed again by gel

Typical UV profiles are shown in Fig.
2. Dextran blue 2000, used & a marker of vwid volume, was cluted in

fraction 10.
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Fig. 2. ELISA monitoring (left ordinate, ®% ond UV absorbance at
280 nm (right ordinate) of unlubeled membranes solubilized by 1%
‘CHAPS and separated by size exclusion chromatograghy. Aliquots of
the fractions eluted from the column were coated on ELISA plates,
and their ability to he recognized with an anti-42 kDa polyclonal
ascite fluid was measured by standard ELISA. (A) Chromatography
of the proteins solubiiized by CHAPS. (B) The 120 kDa area (dotted
area in Fig. 2A) was pooled and denaturated by SDS before being
separated again on the same columr.

(Fig. 3A). The binding of antibodies directed iowards
mmsporl pro.ems may be affected by cai: ‘om;ano-lal
duced in the of the subs P

Therefore, in an attempt to identify more precnsely
which fractions would contain the highest amounts of

ins specifically r izing sucrose, either 50 mM
(final concentration) sucrose or 50 mM luctose were
included in the elution buffer. These inciusions did not
affect the elution pattern from the ion-exchange col-
umn, as estimated from the UV absorbance. Hewever,
upon inclusion of sucrose in the elution medium, and
herice in the medium used to cout the eluted proteins
on the ELISA plates, {raction No. 27 exhibited a strong
increase in reactivity with the anti-42 kDa ascite fluid
(Fig. 3B), compared to an clution medium witaout
added sugar (Fig. 3A) or with addition of lacivse (Fig.
3C). In order to obtain enough pioiein for recansiiu-
tion, and to avoid extensive comammaﬂon by the lar‘;e
protein peak occurring in fractions 28-29, fi
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tion, ion-exchange cmumalugraphy. and several steps
of concentration dialysis.

Data concerning SDS-PAGE of the ditferent frac-
tions, obtained after mlubnlnzal:on sm exc.us:on chm-

and ion

presented in Fig. 4 CYLAFS (Fig, 4. lane C) solublhzcd
most of the proitins ot (he plasmalemma. The ‘120
kDa' fraction vicided numerous polypeptides after de-
naturating SDS-PAGE (Fig. 4, lanc D), but surprisingly
bands at 42 kDa were hardly visible. Although sowc
bands cf the CHAPS supernatant were missing in the
120 kDa fraction (for cxample, at 70, 7, 33 and 24
kDa), silver staining suggested that solutifization by
CHAFS and size evclusion chrumatogr.\phy ailowed
poor ien of the 1, The
pattern was quite different afler ion cxchunge since
the diiferent fractions coliccted (Fig. 4. lanes E-J)
showed marked differences in ihe polypeptide pattern.
Given the previcus identification of z 42 kDa polypep-
tide as component of a sucrose transport system, and

AT T T T T T ie
No sugar i A
0.6
0.4 [¥]
[¥]
. : |
o BT T T T o1 e
H ‘- +50mM sucrose B
go. £ _
< -1 =
e A5
3o o ZXst
< el 2
Lo. a
wl
=
.
1
0.5
.

° 20
Fractions
Fig. 3 Se;-nnnwn of the 120 kDa fraction by ion-exchange chro-

24-27 were poolea rogetner. These fractions repre-
sented about 2 to 3% of the 120 kD2 iraction. Starting
from 100 mg purified plasma membranes, only 0.35 g
of fractions 24~27 were obtained after all the steps
involved in prepatation, i.c. solu ion, gel filra-

2 Mono-Q column. Eluates were monitored by ELISA

and for UV xbwrbalm as explained in the legend of Fig. 2. The

NaCl radizet used for elution is shown by the detted linc, and by

the orcinate -t the cxtreme tight. (A) The elution medium contained

no sugar (B an! C) The elutionr medium contained 50 mM sucrase

and 50 M luctose, respectively. Appropriate blanks were run to
<heck for the effects of syars on ELISA detection.
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given the data presentcd below, it was irteresting to
note the presence of two ciose bands at 42 kDa in
fractions 24-27 collected from the mono-Q column
(Fig. 4, lane E). & J to fractions 2830, fracti
24-27 also contained additional bands at 29 and possi-
biy 73 kDa. Immuncblots show that this fraction was
cleariy recognized the anti-42 kD2 serum (Fig. 4, lane
E’). while no reaction was found for fractions 28-30
(Fig. 4, lane F’), and oaly a poor reaction could be
seen with the 120 kDa {raction (Fig. 4, lanc D').

Active uptake by reconstituted proteoliposomies
When thc 120 kDa fraction was used for recopstitu-

tion of protein
into the proteofiposomes showed ihat about 67% of
the fraction was actually reincorporated. Since the 120
kDa iraction accounts for 23% of total plasma mem-
branc proteins, about 15% of the total membrane
proteins were incorporated in the liposomes. In the
absence of energization, iittle sucrose was yetained in
the reconstituted proteoliposomes (Fig. SA, lower
curve). A proton-motive force-driven sucrose uptake
was obtained afier impcsition of ApH + A (Fig. 5A,
upper curve). The difference between the cnergized
and the ions is repre-

gized

A B CD EF GH ! F

Fig. 4. Silver-staining (top and imununoblot (bottom) of warious
plasina b fractions. (A) weight {B)
total plasma membranes; (C) CHAPS supernatant: (D) 120 kDa
fraction; (E-J) fractions 24-27, 23-30, 31-33, 34-37, 37-40 and
45-45 of the Mono-Q efuxtc (Fig. 3). The same amnount of protein
{abowt 7 mg} was deposited in each lane. (D', E', F'} Lones by iy
kDu faction), E (fractions 24-27) zo: (fractions 27-30) were
probed by immunohlotting with the ami-42 kDa polyclonal ascite
fiaid.

Sucrose uptake
(nmol.mg protein’’)
T

3 4 5
Duration of sptake (msn)
Fig. §. Time course of uptake of | mM sucrose (A) or | mM valine
(B) by protealiposomes reconstituted with the 120 kDa fraction.
Experiments were run in the presence (6) of in the absence () of
imposed ApH+ 3¢. Means of 12 measurements (three independent
experiments)+ S.E.

sentative of an active, proton-driven uptake of sucrose.
Aﬂ."r 2 mm mcubatuon. active upiake of sucrose was
bolished in the p of 0.1 mM HgCI,,

and wa inhibited to 20% of the control value »
presena. of 0.5 mM NEM. Using \he same

that were
sucrose, no active uptake of valine could be obsirved
(Fig. 5B). The of valine d ly on
the vesicles were higher than the amounts of sucrose
retained passively, possibly due to adsorption of
charged valine to the membrane proteins. Comparison
of Figs. SA and 3B shows that the active uptake system
reconstituted was specific for sucrose.

The time course of active uptoke of sucrose into
native plasma mcmbrane vesicles, into proteoliposomes
made from the CHAPS supcrndtant and into proteo-
liposomes made from the 120 kLia fraction was com-

60 =TT T T T T T

&
L

(nmol.mg protein-'}
8
W
s

Active uptake of spcrqsé

°
‘,
-
«
s
=l

1
Duration of uptuake (ntin)
sport of sucrose into ve plasma membrene
int tesliposomies rezonstiuied with the CHAFS
supernatam (0) or the 120 kDa fraction (®). Active upizke was
obtained from the difference of uptake under energized and non-
energized conditions.

Fig. 6. Active 1r:
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in'min!)
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(nmol.mg protei
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Fig. 7. Ability of diffcrent plasma membrane fractions (see abscissa)

o take up sucro<e actively. The data are expressed as uctive upiake

per min per n< protein actually reincorporated in the f.oveo-

liposomes, and compared with native plasma membriane vesicics.

Active uptuke was. measured after | min incubsijon (means of 6-8
measurements. one evperiment),

pared (Fig. 6). Proteoliposomes made from the CHAPS
supernatant did not show a stronger accumulation than
the nalive plasma membranes, at least for short incu-
bation times. Yet, proteoliposomes raade from the 120
kDa fraction accumulate moie sucrose thai native
plasma racmbranes. Also, the initiat rate of influx was
much higher in these proteoliposomes than in the
native plasma membranes (Fig. 6).

Fig. 7 shows the specific activity of active transport
of sucrose (exp d as proton-driven lation of
sucrose per protein actually reincorporated in the pro-
teoliposomes) of the various fractions obtained after
solubilization, gel filtration, and ion-exchange ¢hro-
matography. The largest increase of speclﬁc acuvry of

port was ob! d by size
raphy. Rather surprisingly, oniy & marginal mcredn
was noted for fracm)m 24-27 of the Mono-Q column.
The other fi btained after i chro-
matography exhibited virtually no transport activity.

Discussion

Diffferential labeling of plasma t by NEM
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behaved as a 42 kDa pol Jo after d i
Although antibodics werc available, the p ion of
the antigen needed to raise the antibodies is very
time-consuming, and the amount of serum was limited.
This preciuded the use of i fiinity <l 8- ;
raphy to prepare fractions enriched with the sucrmc
carrier. Attempts to identify the native sucrose carrier
were thereforc based on size exclusion chromatography
of plusma mcmbrane proteins differentiallly Jabeied by
NEM, and monitoring of native proteins by ELISA
with an anti-42 kDa polyclonal ascitc fluid.

After dificrential labeling. solubilization and gel fil-
wration under non-denaturating conditiors, we found
no peak of differentiai labeling at 42 kDa, but a single,
rather broad, peak specific for sucrose at 120 kDa (Fig.

1A}, The breadth of the peak is not unexpecicd in view
of the poor &,paratmg power of the gl filiration
with d having 2 high criti-
cal nnceﬂa: concentration (0.5% for CHAPS).This poor
reselution was found also, for example, aftcr photo-
affinity labeling of the calcium channel of the plant
plasma membrane [29] Alter denaturation, the 120
kDa peak yielded a peck at 47 kDa (Fig. 1i3). These
data, which were confiimed by ihat obtained after
monitoring of the eluate in ELISA with the anti-42
kDa ascne fluid (Fig. 2), suggest that under these
experimental conditions, the 42 kDa polypeptide is
part of a bigger polymer. Although trimerization of
tr.nsport proteins has already been reported for bacte-
ria {50}, mue work is needed to conclude on tne
nature of the macromoiecular structure in w hich the 42
kDa polypeptide is associated. The fact that the differ-
cntia! labeling index (Fig. 1) as well as the ELISA
response (Fig. 2) of the 42 kDa peak are higher than
that of the 120 kDa peak would support rather an
association of the 42 kDa polypeptide with other poly-
peptides, rather than a trimerization process. However,
the relevatice of this oligomerization otscrved in vitro,
after solubilization by a detergent, with the state of the
42 kbBa pol ide in tlie in vivo needs
further work tc b2 tested.
The good agreement found between the differential

led us 10 identify, after denaturating SDS-PAGE, a 42
kDa polypeptide that was differentially labeled in the
presence of sucrose, but not of palatinosc {7-2]. These
data as well as selccuve mhlbmon of sucrose uptake in

i serum di d against the
an'l 42 kDa reglon of the plasma membrane [10] led us
to ludz that this polypeptide was a of

the suciose uptake system. 'The present work was con-
ducted io try to identify the sucrose carrier under a
functional state, in the light of these former resulss,
and as o further test for our hypothesis.

The only information we had ¢n the putative su-
crose carrier was that it was differentially labeled, and

labeling and the ELISA showed that the ascitic fluid
could be used tc monitor the purification of the 42
kDa polypeptide. This was i since the further
purification step by ion-exchange chromatography was
made in order to reconstitute the transport activity. Ii
was § ibic to use proteins diffe ially labeled by
NEM, which piocks transport activity. Paiallel runs on
the Mono-Q could have been made, first with differen-
tially labeled samples to localizs the protein, then with
unlabeled samples to recover the peak and to reconsti-
tute it, but we have no evidence that tlocking the
pro(em with NEM wouid not alter its properties in

fure, the purifica-
tion of the polypeptides on the Mono-Q was monitored
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with the ELISA test. A single, rather broad peak was
also found after ion-exchange. Interestingly, the ELISA
response of this peak {or at least part of this peak) was
modified by sucrose, but not by lactose (Fig. 3). This

h the hypothesis that the p present in
this peak interaci specifically with sucrose since the
ELISA resp of p ins may be aff: i by the
presence of their substrate {28].

The purification and the identification of transport
prcteins strongly depend on the possibility to reconsti-
tutc the transport system. The rcconstitution proce-
dure was first designed with the 120 kDa fraction (Fig.
5). Upon imposition of an artificial protonmotive force,
the reconstituted 120 kDa fraction was able to take up
sucrose, but nnt valine, against a concentration gradi-
cnt. The study of the specific activity of active sucrose
transport (nmol sucrose taken up per min per mg
reconstituted protcin, Fig. 7) shows that the transport
activity of the 129 kDa fraction was about 5.6-fold
highee thaa that of nanve plasma membrane vesicles.
Given tha: the d proteirs rep: abow
15% of the total membrane proteins initially present in
the vesicles, a 6.6-fold increase in the specific activity
of transport should be expected if no activity was lost.
The difference between the expected value and the
measured value indicates that about 15% of activity
was lost during the solubilisation /reconstitution proce-
dure. This small loss suggests that CHAPS is a suitable
detergent to solubilize the sucrose carrier and to re-
conctitute it. This high activity also implies either that
most of the carrier was reconstituted in the right orien-
tation, aud/or that the functioning of the carrier is
symmetrical. Preliminaiy expcriments with octvl gluco-
side or Triten X-100 Jid no‘ gwe xesulrs better than
CHAPS Ycl, after 1 min b of

the sealingness of the vesicles is the same for the
different fractions rcconstituted, which is not necessar-
ily true.

Since the fractions 24-27 of the Mono-Q civate
represent about 2 to 3% of the 120 kDa Iracuon.
large increase of specific transport activity ‘was ex-
pected, unlike the marginal increase actualiy observed
(Fig. 7). A considerable loss of activity seems therefore
to occur during ion-exchange chromatography. Numer-
ous reasons might explain this observation. First, this
loss may be only apparent if the activity was very high
and the initial velocity conditions were maintained just
during a few seconds. In this case, measurements made
after 1 min incubation would concern the declining
phase of the overshoot usually observed in membrane
systems artificially energized. One way to check this
hypothesis would be to run time course studies, which
is hardly feasible with the Mono-Q eluates, due to the
very low amount of proteins recovered. Another possi-
bility is to run the uptake assay with lower concentra-
tions of sucrosc, to dissipate less rapidly the proton
motive force. Another reason which this loss of activity
couid be oniy appareni may be due to kineiic limita-
tions, for example, if the maximum number of carriers
that can be incorporated in the vesicles is already
attained with the 120 kDa fraction.

Of course, the loss of transport activity observed
during after ion-exchange chromatography may be real,
and again, several 1casons may explain it, ¢.g. sensitiv-
ity of the carrier to the itions used for ch 2
raphy, dialysis, reconstitution, oss of an active compo-
nent (polypeptide, lon) during ion-exchange cliro-

observed, compared to native plasma membrane vesi-
cles (Fig. 6). Som= increasc was expecied since the
CHAPS supernatant contains only 55% of the initial
protein content. The s zason for this may be due to the
fact that the cata ot Fig. 7 werc obtained after 1
minute of incubation, a time assumed to give the best
account of ike initial velocity of transpori. Although
this assumption seems valid for native plasma mem-
brane vesicies and for the 120 kDa fraction, the time
course study shows that this is not necessarily true in
all cases, and at least for the CHAPS supernatani (Fig.
6). This illustrates the limit of comparing initial veloci-
ties of transport in proteolipnsomes, where the pivion
motive force may take some time to build up, and is
rapidly dissipated due 1o the fack of any system com-
pensating for the dissipation of ApH and 4¢ due to
the operation of the protoi-cotransprdt system, An-
othy ation to the comparison of the specific activ-
ities of transport is the assumption that the size and

hy, wre rong io:: of the carrier, ct:...

Loss ot‘ activity IS unfortunately commonly found when

are d from their natural

ity was obscrved for the CHAPQ super- lipidic even for pi that do not ex-
was even hibit iransport activity, but simply chemical activity.

For cxzample, solubilization and HPLC purification of
1,3-B-glucar synihase from piasma membranes of
Brassica oleracea was not accompanicd by any increase
in specific activity compared to the plasma membranes
31).

Although the data suggest that a large part of actv-
ity was lost during ion-exchange chromatography, frac-
tions 24-27 possess a much higher ivansport activity
than the other fractions recovered from the Mono-Q
column. Comparisons of the polypeptide pattern of this
fraction with that of fractions 28-30 (Fig. 4), which
exkibit very littie transport activity (Fig. 7) shows that
only a few bands differ between both sampies: two very
close bands at 42 kDa, one ninor band at 29 kDda, and
possibly another band at 75 kDa are present is frac-
tions 24-27 but not in fractions 28~30. The wo t:ands
az 42 kDz could hardly been distinguished in the 120
kDa fraction after silver stuining, but a positive reac-
tion was seen at 42 kDa in this fraction aiter immuno-
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blotting (Fig. 4). The preser:e of two at
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42 kDa in the Mono-Q cluate showing the highest
activity of proton-driven sucrose transport after recon-
stitution gives strong support to the previous hypothe-
sis that a 42 kD band is involved in sucrose transport.

Conclusions

The results presented here, based on three dnfferem

D (differential labeling, ELISA, r
tion) provide the first data concerning the partial pu-
rification and reconstitution of a carrier system exhibit-
ing a proton-driven transport specific for sucrose. Alto-
gether, the data confirm the previous conclusion that a
42 kDa polypeptide is part of the sucrose uptake
system of the plant plasma membrane [7-10]. Other
evidence supporting this conclusion has been recently
obtained in nur lab. Aatisera from rabbits or from mice
directed against the 42 kDa region of the plasma
membrane inhibited the uptake of sucrose, but not the
uptake of valine into plasma membrane vesicles artifi-
cially energized by a proton motive ferce [26] Al-
though improvements may be stist needed to increase
the transport activity measurcd in proteolip:somes,
and to purify end to characterize further the carrier
{roie of the 73 kDa and 29 kDa bands, kinetics of the
reconstituted system), severe limitaiions are imposed
to these biochemical approaches by the large amounts
of plasma membranes to preparc and to handle, due to
large losses of proteins during the various steps of
purification, particulasly during dialysis and concentra-
tion. These limitations might be avoided by the <loning
of the corcesponding genes and their expression in
appropriate systems.

In spite of the . difficulty of thc biochemical ap-
proach, signiticant progress is presently being made in
the reconstitution of carriers possessing a key role in
carbon compartmcentation, since partial purification and
reconstitution of the malate carrier of the tonnplast
was also recently reported [32].

Acknowledgements

We are grateful to Janine Bonmort and Catherine
Charlot for help in the preparation of the plasma
membranes and of the ascite fluid. This work was
supported in part by the EEC under the Bridge Pro-
gramme (Contrac: BIOT-0175-C).

1 Munch, E (1930) Die Stoffhewcgungen in der Pflanze, Jema,
fustav Fisher.

2 Sauer, N. and Tanner, W. (1989) FEBS Lett. 259, 43-46,

3 Sauer, N., Cospari. T, Klebl, F. and Tanuer, W. (1990) Proc.
Natl. Acad. Sci USA 87, 7049-7952.

4 Sauer, N.. Friedlinder. K 2nd G
9. 2045-3050.

5 Ripp. K.G.. Viitanen, PV, Hu:
(1983) Plani Physiol. 88, 1435-1445.

6 Hitz, W.D., Ripp. K.G. and Warmbrodt, R 2. {i590) Abst. fat.
Conf. en Phloem Transport and Assimilate Corpastmentation,
Cognac, Angust 19-24. 19%).

7 Pichelin-Poitevin, D., Delrot, S, M'Batchi. B. and Everat-
Bourbouloux, A. (1987) Flant Physiol. Biachein, 25, 597-607.

8 Pichelin-| ?oncvm D. and Delrot. S. (1987) CR Aczd. Sci. Paris

), 371374,

9 lem O.. Lemoine. R.. Larison. C. and Delrot. S. (1989)
Biochim. Biophys. Acta 978, 56-64.

10 Lemoine, R., Delrot, S. Gailet. G. and Larsson, C, (1989)
Biochim. Biophys. Acta 78, 65-71.

11 Bush, D.R. {1989) Plant Physiol. £9, 1318-1323,

12 Buckhout, T.J (1989) Planta 178, 393-399.

13 Lemoine, R. and Delrot, S. (1989) FSBS Leu. 249, 129-133.

14 Bush, D.R. (1990) Plant Physiol. 95, 15901565,

15 Wiiliams J.E., Nekon, $J. and Hall. J.L. (990 Planta 182,
540-545,

i6 Lemoine, R.. Bourquin, S. and Delrot, S. (1991) Physiol. Plant.
82, 377-384.

17 Slone, 3.H. and Buckbout, T.J. (1991) Planta 183, 524-589.

18 Giaquinta, R.7. {1977) Plant Physiol. 59, 750-755.

19 Komor, E. (1977) Pianta 137, 119-131.

20 Delrot. S. (181} Plant Physiol. 68, 706-711.

21 M'Batcli, B. und Delro, S. (1988) Planta 174, 340-348.

22 Guevara, J., Jr., Johnston. D.A., Ramagali, L.S., Martia, BA.,
Capetilio. S. and L.V. (1982) EX is 3, 197-
205,

icke. U. (1990) EMBO J.

W.D. and Franceschi, V.R.

23 Turano, }'J., jordan. R.L. and Matthews, B.F. (199%0) Plant
Fhysiol, 92, 395-400.

24 Bearden, J.U, Jr. (1978) Biochim. Biophys. Acta 533, §25-529.

25 Schumaker. IX.S. and Sze, H.(1990) Plant Physiol. 92, 340-345.

26 Gallet, O.. Lemoine, R.. Gaillard, C., Lussson. C. and Delrot, S.
{1991) Plan* Physiol, 97. in press.

27 Li, ZS., Galict. O., Giillard, C., Lemoine, R. and Deirot, S.
(1991) FEBS Lett. 286, 117-120.

28 Bernotat-Danielowski, 3. and Koepsell, H. (1988) J. Immunol.
Methods 115, 275-287.

29 Thuleau. P., Graziana, A., Canut, H. and Ranjeva, R. (1990)
Proc. Natl, Acad. Sci. USA 87 10000-10004.

30 De Cock, H., Hendriks, R,, Dz “'rije, T. and Tommassen. J.
(1990) i. Biol. Chem. 265, 4646-4651.

31 Fredrikson, K., Kjelibom, P. and Larsson, C. {1991) Physiol.
Plant. 81, 289-294.

32 Martinoia, £., Vogt, E. Rentsch, . and Amrh:
Biochim. Biophys. Acta 1062, 271-278.

N, (1991)



