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The proteins from plasma membranes from sugar beet leaves were solubilizcd hy I% CHAPS and separated by size 
exclusion chromatcl |raphy and by ion-exchange chr,~matollraphy. The fractions enriched in sucrose transporter  
were monitored in three ways: diffe;'ential labeling, ELISA, and reconstitution in proteoliposomes. When the plasma 
membranes were differentially iat~ded by N-ethylmaleimi(~e in the presence of sucrose, a major peak of differential 
labeling was found at  120 kDa upon gel filtration. When this peak was recovered, denaturoted by sodium dedecyl 
sulfate and reinject'ed on the kci filtration column, it yielded a peak of differential labeling at  42 kl)u. When 
unlabeled membranes were used, the fractions eluted from the column were monitored by ELISA for their  abililb7 to 
recognize a serum directed against  a 42 kl)a previously ide,tirted as a putative sucrose carrier. The results 
paralleled those obtained by differential labeling, i.e. a major ELISA.reactive peak was found at  120 kDa upon gel 
filtration, and this  peak yielded a peak most reactive at  40 kDa after denaturation. The 120 kDa peak prepared 
from emlabeled membranes was further separated on a Mono-Q column. The fractions were monitored by ELISA as 
described above, and reconstituted in¢o proteol ipo~mes using asolectin. Active transport  of ~ucrose, but not of 
valine could :~ observed ,,,vit.h the reconstituted 120 kDa fraction. When tim eluates from the Mono-Q column were 
reconstituted, the fractions exiqbiting highest transport  activity wer? enriched with u 42 kDa band. The data provide 
the first report concerning reconstitution :W sucrose transport  activity and confirm the inwlvement of a 42 kl)a 
polypeptide i~ sucrose transport.  

Introduction 

According to the mass-flow model, transport of st;- 
crose in the plant affects not only the partitioning of 
sugars, but also that of other phloem sol~:tcs <nitroge- 
nous compounds, ions) [1]. Sucrose transport ~s there- 
fore very important for plant productivity, not only in 
terms of sugars, but also more generally in terms of the 
biomass harvest.'d In the sinks. IJJng distanre transport 
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of sucro~' depends directly on the activity and on the 
distribu'io:~ of sucrose carriers located at the plas- 
malemma and ~.ossibly a* the tonoplasL 

While the hexcse carrier has now been identified 
and cloned in Chlorel la  and in Arabidops is  [2-4], the 
data concerning the sucrose carrier are still confuse. In 
soybean co,yledons, a <J2 kDa polypeptide has been 
identified ~ :th a photol~ zable derivative of sucro:,e as a 
putative sucre;:,, carrier [r]. Although this polYlx~tid¢ 
appears in the r~ficrosomal fraction of .soybean cetyle- 
don cells concomitantly with the onset of actice sucrose 
influx, no fanctiopal evidence concerning the identity 
of this protein is available, and its sequence does not 
show any homology with any known bacterial or animal 
sugar carrier [6]. Differential labeling of broad bean 
microsomes [7] and purified plasma membrane vesicles 
from broad bean [8] and sugar beet [9] leaves by NEM 
allowed the identification of an integral 42 kDa 
polypeptide which was :;pecifically protected by su- 
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cr~rse. Since polvclonal antibodies raised against the 42 
kDa region of the plasma membrane selectively inhib- 
ited the uptake of sucrose into broad bean mesophyll 
protoplasts without affecting the uptake of hexoses or 
of amino acids, it was concluded that a 42 kDa 
polypeptide may be a componen., of the sucrose carrier 
of the plant plasma membrane [10]. Recently, tech- 
niques were designed to study the active uptake of 
sucrose into purified plasma membrane vesicles artih- 
cially energized by a proton motive force [I !-15]. The 
gradients (ApH and A~/,) obtained after artificial ener- 
gization of these vcsiclcs have been characterized [16!. 
as well as proton flaxes associated with sucrose uptake 
in this material [17]. All the data point out to a 
proton-sucrose cotransport system operating in puri- 
fied plasma membrane vesicles from plant leaves, con- 
firming eaitier physiological evid,-nce [18-20]. 

Therefore. althougll several candidates have been 
proposed :is sucrose carriers of the plant plas- 
malemma, and although it is possible to drive active 
uptake of ,,ucro';e in plasma .:nembranc, vesicles by 
imposing a;tifieia~ ion gradients, no report of reeonsti- 
tution of active transport of sucrose in proteoliposomes 
is available. The present paper makes use of the recent 
progress summarized above to identify p!asma mem- 
brane ftaclions with which transport activity specific 
for sucrose could be reconstituted. Identification of the 
sucrose carrier under its native form was based both on 
the re~q!t.-, cf differential k~beling anti on immuno- 
logical data. 

Materials and Methods 

Isolation 6f  plasma membranes. Sugar beet plants 
( Beta volgar;s L. oar. Aramis) were grown as described 
in Ref. 9. Mature exporting leaves (4-5 weeks old) 
were used for lhe preparation of plasma membrane 
vesicles. Plasma membranes vesicles (95% pure} were 
obtained from ~ microsomal fiaction by two-phase-par- 
titioning between Dcxtran T 500 and poly(ethylene 
glycol) 33511 [9,16]. 

Differential labeling Plasma membrane vesicles w,:re 
differentially labeled by a procedure using [3H]NEM 
and [~4C]NEM in the p~'esence of either sucrose or 
palatinose as protecting sugars. According "o this pro- 
cedure, detailed in Ref. 9, the polypcptidcs protected 
by the sugar tested (either sucrose or pa[atinose) bind 
more [3H]NEM, while [14C]NEM is used to trace back- 
ground thtols. The [3HINEM/[14C]NEM ratio which 
was monitored on the polypeptides separated by SOS- 
PAGE in the previol;~ work [9], was measured on the 
different (rat | ions tccovcrcd after solubilization an-! 
sei,aratton of the polypeptides by HPLC in the present 
',~,ork. FOr eac;  fraction eluted from the column, a 
differentia( labeliog index was calculated according 
to the formula: [(3H of the fractio~a)/~t4C of thc frae- 

tion)]/[(total 3H of the sample injucted)/(total 14C of 
the sample injected)]. Differcntial labeling in the pres- 
ence of palatinosc (6-O-a-o-giucoTyrano!;yI-D-frueto- 
furanose, a non-transpmted analogue of sucrose [':l]) 
was run as a control to identify the peaks of labeling 
that were specific for sucrose [9]. 

Solubilization attd high performance liquid chro- 
,1,atography. Plasma membrane vesicle,; were resos- 
pended (4 mg /ml )  in a medium containing 20 mM 
potassium ph.,'3sphate (pH 6.0), 330 mM sorbitol, 10% 
glycerol, 0.5 mM CaCl, ,  and 0.25 mM MgCl,. CHAPS 
ifinal concentration, I%) was added dropwisc under 
constant stirring at 4°(7 from a 10% stock solution 
prepared.with the same medium. After 45 ntin solubi- 
lizatioa, the ibsolublc material was pelleted down by 
centrifuga:i.;a at 100000 X g for 30 rain. Under these 
conditions, CHAPS solubilized about 55G/~ . of the total 
membrane proteins. The supernatant (referred to as 
"CHAPS supcrnatan' , ' )was frozen at - 70°C  until fur- 
ther use. After thawing in a water ba;,h at 25°C, the 
solubilized proteins (!.5 mg, 500 p,i) were applied to a 
TSK SW-3000 gel filtration column (30 x 0.75 cm, Su- 
polco) equilibrated with 50 mM Tris-acetate (pH 6.71, 
100 mM NaCI and 0 . i% CHAPS. The pro!eins were 
cluted at a flow rate of 0.4 ml /min  and collected in 0.4 
ral aliquots. The ability of each fraction to react with 
an antiserum directed against ~he 42 kOa polypeptide 
of the plasma membrane assumed to be the sucrose 
carrier [9,10] was tested by ELISA ;'.,; dc:~cribed below. 

The gel filtration coiumn was c,'~!ibrated with molec- 
uh:r weight standards, in the presence of 0.lea CHAPS 
when the "CHAPS supernatant" was analyzed, , r  in the 
plcsence of 0.1% SDS when proteins denaturated by 
SDS were analyzed. The molecular weight standards 
werc obtained from Bochringer (Combithck size II) 
and consisted of cytochrome c (12.5 kDaL chymotry'psi- 
nogcn A (25 kDa), hen egg albumin (45 kDa), bovine 
serum albumin (68 kDa) and a!dolat;e ( 138 kDa). 

The 120 kDa fr:,.ction rccove-cd af'.er gel filtration 
chronlatography was dialyzed and coricentrated over- 
nighi in a buffer containing 29 mM "l'ris-HCI (pH 8.3) 
and (!.!5% CHAPS. The ' i20 kDa' frac'ion {11.6 rag) 
wa~ then injected on a mono-Q ..'plume ( i i R 5 / 5 ;  Phar- 
maela) with a flow rate of 0.75 ml /min .  A step gradi- 
ent was imposed with the two following solvents: A, 211 
lal~'l Tris-HCI + 2.3 mM (0.15%) CHAPS; B ~, A + I M 
NaCI. The solvents were changed as follows: l l-5 min, 
I tS% A; from 5 to 35 rain, solvent B was introduced to 
form a linear gradient up to 50%; 35-40 min, 100% B. 
The fractions (11.75 ml) were analyzed fcJr UV ab- 
sorbancc and recog, niliou by the anti-42 kDa serum. 
']he polypeptides elutcd from the column were sepa- 
rated by SDS-PAGE [9] "rod visuaiized after silw:r 
:~ta!ning [22]. in some experiments, 50 mM sucrose or 
5(1 mM lactose were included irt buffers A and B, to 
test the effects of these sugars on the elution and on 
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the recognition of proteins by the anti-42 kDa seran ~,, 
While sucrose is nt;~,iously a substrate for the sucrose 
carrier, laeiose is not transported by this transporter 
[211. 

Immunological procedures. The 42 kDa anqgen 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 aseitc fluid was used to mo~-'itol the 
reactivity of the plasma membranes proteins eluted 
from the gel filtration column by means of an ELISA 
test and by Western blot. 

200 /.d (3-7/zg protein) of each aliquot recovered 
from HP[.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 p.g]. The welts were washed 
three times 15 min with phosphate buff'or saline con- 
taining 3% defatted dry milk and 0.5% (v/v) Tween 
20. The ELISA test was run using standard procedures 
with a 1/500 dilution t~f primary (::nti-42 ~<Da) ascite 
fluid and a 1/2000 dilution of horst:radish p~ro'b, dase- 
conjugated goat anti-mou::¢ aniib¢~dT: tEIA grade, BIO- 
Rad). In some experimcn4s, the ~:ffect of . tiding su- 
crose or lactose in the elution buflLr of the column was 
studied on the ELISA response. In ti~is ca,.c. Ihe sugar 
was present in the coating medium, but all the other 
steps of the ELISA wc~: run with standard media 
without sugar. 

The CHAPS sopernata~t and some of 'he fractions 
recovered alter gel filtrati~,a and/r'-" ion exchange 
chromatography were analyzed by Western blot ac- 
cording to Ref. 10, after separation of the proteins 
contained by SDS-PAGE. About 60 p.g protein were 
depositc6 in each well. The pr,~teins transferred to the 
nitrocellulose sheet were stained for ifl mLn in a solu- 
ti~)n col~taining 3% (w/w) trichlor.'.cetic acid and 0.2% 
(w/~ ~, P~:~ceau red. Proteins were assayed according 
to l~ef. 24-. 

Rec.onstitution cxperimcnt~ Reconstitution was done 
followin:.z a procedure modified from Ref. 25. Soybean 
~:'!: ' :!~ (,c[7~ma IV-S) was dissolved i:~ citloroform at a 
concentration of 200 mg/mi and sto~cd at --20~C 
undo; N2. To prepare lip~as for use during reconstitu- 
tion, 4.4 mg asolcc~in wcrc dried ~mder N~, rot~zing 
the tube to form a thi¢~ film. To remove residual 
chloioform, the phospholipids were washed with 1 ml 
of cold ( -  20°C) diethyl ether and oval:orated to dry- 
ness. The lipids were dried fi,r an adJitional 30 rain 
under vacuum to remove all traces of ~ol~c,~t. The 
lipids were resuspended in 400/~l of solution contain- 

from a I(1% stock solution prepared in 50 mM potas- 
sium (pH 7.51, and the tube was vortcxcd for 15 s. 
Glycerol (20%, final concentration, v /v)  was added 
and the tube was vortexed again for 15 s. Img  (1.7 ml) 
of membrane protein 'CHAPS supernatar, t', 120 l¢Da 
fraction (as referred to in the results) or Mol~o-O 
eluate were added to the tube. and incubated ~ rain at 
4°(:. The insoluble ma;.~:riaT w~s then removed by pel- 
leting at II)0(g)0xg for 45 min. Rcconstitution was 
done by adding 2 mi of the supcrnatant in a lube 
containing 5 mg dri.-.d .'v, oicctin and 178/zl of 50 mM 
potass;um ph~phatc buflcr (pH 7.5). The tube was 
sonicatcd for -30 rain, and 44 /zl of a 10% CHAP,.; 
solution were add(d before vortexing, and incubado~ 
for 30 rain at 4°C Proteoliposomes were formed by 
rapid injection (Pasteur D-:p¢:.) of ~.~e ice-cold solubi- 
lized protein/phospholil~id mixture ~uto 25 ml of 50 
mM potassium phosphate (pl I 7.5). The tube was incu- 
bated 20 rain at room temperature and ccntrif.~lged for 
I h at 100000xg. The final pellet was resuspended 
into 10(1 v.I pota~it,m pi~ospllate buffc: (pH 7.5). 

The CHAPS supernutant contained enough p',-otein 
to be rce~nstitrai~d 'directly': yet, to reconstitutu ~;le 
12(1 kDa fraction, it was necessary to pool the 120 kDa 
cluates of three runs on the gel filtration column. The 
120 kDa fraction pooled in this way was concentrated 
under pressure using an Amicon system equippcci with 
a 10 kDa cut-off size filter, and used for reconzfitution 
as described above. To rcconstitutc the fraciions eluted 
from the Mono-Q column, it was necessary to pool the 
corresponding eluates of 30 injections o.n ~.hc column. 
The fra(:tiol:s were concentr,i:cd as described above for 
the 120 ~¢Da "raction before being reconstituted. 

Uptake experiments. Uptake experiments with rccon- 
xti:uted protcoliposomes containing either the 'CHAPS 
supernatant', the '120 kDa iraction' or fractiol~s tinted 
from the Mono-Q column were run according to the 
technique previously designed to study active upraise by 
native plasma membrane vesicles [13], after imposition 
of ~pH and ,.~k across the membrane. For compari- 
son, uptake experiments were alan ran with native 
plasma membrane vesicles. Br;.cfly, the membranes 
were first equilibrated with a medium (medium K) 
containing 0.3 M sorbitol, 50 mM potassium ph~phatc 
(pH 7.5), 0.5 mM CuCI~, 0.0,?.5 mM MgCI z and 0..5 mM 
DTT, at a concentration of 15 mg protein per mi. At 
the beginning of incubation, 2 ILl of thh, suspension 
were suspended in 400 ml of a mcdium, containing .0.3 
M sorbitol, 50 mM sodium phosphate (~H 5.51, 0.5 mM 
CaCI 2, 0.25 mM MgCl.,, 0.5 ~nM DTT, 5 p.M valinc- 
,~p;in a~id i mM [6,6'(n)-'~H]sucrosc (26 kBq) (medium 
No). The pH buffers used and the c~mbin~tion of 

ing 50 mM potassium phosphate (p.H %51 a n d / . m M  ........ K+/valinomycin cnexgized the vcsi;:les by the ~-eatien 
DTF. The mixture was bath-sonicated (B_ran~onic-5 of ~pH (interior alkaline) + A~; (interior negative). At  
sonicator) to clarity (about 30 mih) in a tube immersed the end of incubation, uptaku was terminated by addi- 
in ice. CHAPS (1%, final eoncentra*.ion) was added tion of 1.75 ml of chilled rin.~ing medium (medium 
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N o + 5  mM HgCIz), and filtration on a Millipore 
HAWP filter, pore size 0 .42/zm for the plasma mem- 
brane vesicles, or on a Mil!iporc GS filter, pore :;ize 
0.22/t in,  for the proteoliposomes. Sucrose uptake was 
measured as the difference between uptake at the time 
selected and time zero (i.e. the samples were immedi- 
ately diluted with ice-col4 blocking medium containing 
1 mM HgCI 2 and filtrated). Uptake under non-en- 
ergized conditions was also studied by equilibrating the 
vesicles in medium K, ~nd resuspending them in the 
same m,:dium, in the presence of 5 /zM nigericin to 
collapse any gradient. 

In some experiments, the san~e pr )cedure was used 
to study the  uptake of valinc, ex~ep, tha! the incuba- 
tion medium contained i mM L-[3,.~,,~)-3H]vahne (18.5 
kBq) instead of labeled sucrose. 

All experiments (HPLC and uptake e:tpcriments) 
were repeated at Icest three times with s imil tr  results. 
In each uptake experiment, data points were the mean 
of four independent saml~les. 

Results 

Differential labeling and fracti6na:ion of  membrane pro- 
teins 

First, the labeling pattern of plasma membrane vesi- 
cles 4iffcrentially labeled by {3H]NEM/[14C]NEM in 
the presence of sucrose was smoicd after solubilization 
of the integral proteins by CHAPS, and size exclusion 
chromatography of th¢~e proteins tinder non-de- 
lmturating conditions. Tilese data were compared with 
,'he labeling patlern of plasma membrane vesicles dif- 
ferentially labeled in the presence of a non-protecting 
sugar, i.e. palafinose. Fig. IA shows that the pattern'.: 
obtained were quite similar, except for a peak diffel'en- 
fia!!y iabeied only in the presence of sucrose, located at 
i20- i25  kDa. I'h~s peak vcas collected and pooled as 
shown by the ~lotted area in Fig. IA. Fro,'n the UV 

absorbance data, ti 'e proteins ~-~oled in this way ac- 
counted for about ?..~ ~. uf the tu;a!--i~asma membrane 
proteins. In the fallowing, this fracfit~a will be referred 
to as the "i20 kDa fraction'. 

The 120 kDa fraction from membranes differentia;iy 
labeled by [3H]NEM/[14C]NEM either in the presence 
of sucrose, or palatinose was denaturated ~y SDS (1%. 
~..~:C for" 15 mitt) and rc,~ubmittcd to gel filtration. 
Under these conditions, the 120 kDa fraction from 
pla,;ma memb:anc~ diffc..-e~iially labeled i n  the pres- 
ence of  sucrose yielded a rather large peak centered 
around 42 kDa (Fig. IB). The differential labeling was 
much more apparent after denaturation by SDS, since 
the labeling index reached 4 for the denaturatcd pro- 
fei~; (Fig. IB), c¢,mpared to 1.4 for the native proteins 
(Fig. IA). 

Fractionation of membrane proteins as monitored with 
the anti-42 kDa ascite fluid 

Various polyclonal anti-42 kDa sera, including the 
asci',e fluid used for the present study, inhibit active 
uptake of sucrose into protoplasts [8] and into purified 
plasma membrane vesicles [18,26]. The aseite fluid 
reacted with a rather wide region of the plasmalemma 
~|'ound 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 !_'2o kDa was the 'most  
re.active in ELISA with the anti-42 kDa serum (Fig. 
2At. This peak accounted for about 23% of total 
plasma membrane proteins. When the 120 kDa peak 
was recovered, denaturated by SDS and resubmitted to 
.;el filtration, the major ELISA-reactive peak was ob- 
served around 40 kDa, v,,hde the 120 kDa peak was 
strongly reduced (Fig. 2B) (two experiments) or com- 
pletely disappeared (three experiments), depending on 
the experiments. 

When the 120 kDa peak wag subjected to ion-ex- 
change chromatography under non-denaturating condi.- 
tions, a broad peak recognized by the anti-42 kDe 
ascite fluid was eluted between 0.27 and 0.31 M NaCI 
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Fig. ~ Labeling profi c of plasma men,~.h,,~e~ pJo~eins differentially 
labcl0t~ by NEM in the presence of either sucrost. (o) or palatinose 
re), after size exclusion chromatography on a TSK-SW ~ column. 
(A) The plasma membrane proteins wore difterenti~!ly labeled, u~lu- 
blitzed by I% CHAPS. and Injec~ed on the gel filtrafinn column. (B) 
The 120 kDa fraction (dotte~l area in Fig. IA) of T'.~.~.mbi'anos differ* 
cz~tinlly labeled in the presence .ff either suerc~ or pa~,atin.,.v~: was 
conecte,.i, denaturate,', by SDS, and analyzed again by gol filtr0fio. 
chromatography. Typica! U~ ab~rbancc profiles are shown in Fig. 
2. Dextran blue 2064), u~<l ,~:, a marker of*w!id volume, was eluted in 

,traction I0. 
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Fig. 2. ELISA monitoring (left ordinate, i ~  ~nd UV absorb~nce at 
280 nm (right ordinate) of unlabeled memb=anes sotubilized by I% 
CHAPS and separated by size exclusion chromatography. Aliquots of 
the fractions eluted from the column were coated go EBSA plates. 
and their ability to be recognized with an anti-42 kDa polyclonal 
aseile fluid was measured by standard ELISA. (A) Chromatography 
of the proteins solubii.;zed by CHAPS. (B) The 120 kDa area (dotted 
area in Fig. 2A) was pooled and denatarated by SDS hefor¢ being 

separated again on the same column. 

(Fig. 3A). The binding of antibodies directed ~owards 
transport proteins may be affected by co~ormational 
changes induced in the presence of the st,~strate I'??]. 
Therefore, in an attempt to identify more precisely 
which fractions would contain the highest amounts of 
proteins specifically recognizing sucrose, either 50 mM 
(final concentration) sucrose or 50 mM I~,ctose were 
included in the elution buffer. These inciu~;ions did not 
affect the elution pattern from the ion.exchange col- 
umn+ as estimated from the UV absorbanee. However, 
up ,n  inclusion of sucrose in the elution medium, and 
het~ce in (he medium used to coat the eluted proteins 
on the ELIS/~ plates, fraction No. 27 exhibited a strong 
increase in reactivity with the anti-42 kDa ascite fluid 
(Fig. 3B), compared to all elution medium without 
added sugar (Fig. 3A) or with addition of lactose (Fig. 
3C). In ordcLr to obtain enoogh p;otein for ree~msti'u- 
tion, and to avoid extensive contamination by the large 
protein peak occurring in fraction~ 28-29, fractiom 
24-27 were ~ooleo together. Vnese fractions repre- 
sented about 2 to 3% of the 120 ~Da [~action. Starting 
from 10~ mg purified plasma membranes, only 0.35 t,:$ 
of fractions 24-27 were obtained after all the steps 
involved in prepatation, i.e. solubilJzation, gel fihra. 
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tion, ion-exchange chromatography, and several steps 
of concentratior~ dialy:;is. 

Data ~oncerniog SDS-PAGE of the different frac- 
tions obtained atter ~lubilization, size exe;usion chro- 
matography, anti ion-exchange chromatography are 
presented ip Fig. 4 C~,IAF.~ (F;.~. 4 lane C) solubilized 
most of the prottins ot :he plasmalemma. The 'i20 
kDa' fraction yic!ded numerous polypeptides after de- 
naturating SDS-PAGE (Fig. 4, lane D), but surprising!y 
bands at 42 kDa were hardly visible. Althoqgh son'=e 
bands cf the CHAPS supcrnatant were missing in the 
120 kDa fraction (for example, at 70, 37, 33 and 24 
kDa), silver ~taining suggested that solui;;.!iz.ation by 
CHAPS and size ev_clusion chromatography allowed 
poor separation of the m:mbrane polypeptides. The 
pattern was quite differen; after ion exchange, since 
the different fi'actions coitectcd (Fig. 4. lanes E - J )  
showed marked differences in the polypeptide pattern. 
Given the p~'evieus idew.ification of ~ 42 kDa potypep- 
tide as component of a sucrose transport system, and 
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Fig. 3 Separation of the 120 kDa fract,:o,i by ion-excheng¢ chro- 
matography on a Mono-O column. Eh,ates were tmmitored by EIJSA 
and f~r U'~' absorbancc as espbincd in the lesend of F'qF 2. The 
NaCI .~radi~.nt used for elation is shown l~y the dotted lb.:, and by 
zhe ordinate :,t thu cxti'c.-ce right. (A) The eluti~2 medium c:,ctaioed 
no sugar (B am! C) The eJntiou medium mntained 50 mM ~agrose 
and 50 mM I~lof~, respectively. Approl?riMe btafl~ ~l~re t'nll to 

check for the effects of gJ~rs nn ELISA detection. 
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given the dar.a presented below, it was i~teresting to 
note the presence of  two ciose bands  at 42 kDa in 
fractions 2,~-27 collected from the mono-Q column 
(Fig. 4, lane E). Compared to f~actions 28-30,  fractions 
24 -27  also contained additional bands  at 29 and possi- 
bly 73 kDa, Immunobiots  show that  tl'is fraction was 
clearly recognized the anti-42 kDa serum (Fig. 4, lane 
E') .  while no reaction was found for fractions 28 -30  
(Fit,. 4, lane F ') ,  and oaly a poor  reaction could he 
seen with the 120 kDa hact ion (Fig. 4, lane D' ) .  

Attire uptake by reconstituted proleoliposomes 
When the 120 kDa fraction was used for r,~copstitu- 

tion experiments, measurements  of  protein recovered 
into the proteoliposomcs showed ~hat 31~out 67% of 
the Iraction was actually rcmt:orporated. Sinc,z the 120 
kDa iYaetion accounts for 23~  of total plasma mem- 
brane proteins, about 15% of the total membrane  
proteins were incorporated in the liposomes. In the 
absence of  energizafioa, i~!tlc sucrose was ~c~.~ined in 
the reconstituted proteoliposom~:s (Fig. ~A, lower 
curve). A proton-motive force-driven sucr,~se uptake 
was obtained ahcr inipc3ition of  ~pH  + A~ (Fi~. 5A, 
upper  curve). The difference between the energized 
conditions and the non-cncrgizett conditions is repro- 

A B C D E F G H ~ F 

kDa  ~ ~ ~i') ~ ~ .~ ~ , , 
° ~"~ . . . .  ~~ , ~ i : ,~ ,  ~ • 

20 ~ [ ~  

D' E' F' 
kDa 

6 6 - ~  

Ng. 4. Silver-staining (lop) am! inimunnb|ot (houom) of various 
plasma membrane tractions. (A) ~olecular weigh! standards: (B) 
Iota] plasma mcmbranes; (C) CHAPS supernatant: (D) 120 kDa 
fraction; (E-J) fractions 24.-27, ~-30, 31-33. 34-37. 3"/"--40 and 
4fi-45 o[ Ihc Mono-O elu.,.l¢ (Fig. 3). The same amount of protein 
(about 7 rag) wa~ ~eposited in each lair.. (D', E', F') L~*nes L~ (i2tt 
hDa fr=ction~, E (fraction~ ~4.-27) ~nd F (fractions 27-30) were 
probed by immunoh|oning with th,: ami-42 kDa polyelonal a~¢ite 

fiaid. 

~ . =  f ~ A [ [ . ~ 0 . '  ' ' ' ' ' . . . .  t 

0 2 4 6 g 10 
Duration of uptake (min) 

~ ~ 2,, 
a i I t I 

0 i 2 3 4 S 
Duration of uptake ' . . ,~)  

Fig. 5. Time c~mtse of uptake of ! mM sucrose (At or I mM ratine 
(B) by proteoliposomes reconstituted with the 120 kDa fraction. 
Experiments were run in the presence (~) or in the absence (o) of 
imposed ApH+ ~ .  Means of 12 measurements (three independent 

experiments)± S.E. 

sentative of an  active, proton-driven uptake of  sucrose. 
After  2 rain incubation, active uptake of  sucrose was 
completely abolished in the presence of  0.1 mM HgCI e, 
and wa.,, inhibited to 20% of  the control value ~.-t .b¢/" 
presenct: of  0,5 mM NEM. Using the sar,.e [~,r~t?~- 
liposomes that were competent  for active t ra :~ ,~ i~  of  
sucrose, no active uptake of  valine could be o b ~ r v e d  
(Fig. 5B). The amounts  of valinc retained passively on 
the vesicles were higher than the amounts  of  sucrose 
retained passively, possibly due to adsorpt.;on of  
charged valine to the membrane  proteins. Comparison 
of  Figs. 5A and  5B shows timt the active uptake system 
reconstituted was specific for sucrose. 

The time course of active uptake of  sucrose into 
native plasma membrane  ve~icle~, into proteoliposomes 
made from the CHAPS sap, . rnatant  and into protco-  
liposomcs made from the 120 kl.)a fraction was corn- 

~ . = 4 0  

~ .E  20 

0 2 4 6 8 I~ 12 
Duration of uptake (m ln )  

Fig. 6. Active lrar,~p~n or sin:rose into native pi;:sma mtmbr~:ne 
• :¢sicJ¢~ { I ) un~ int~ prot eoBir.o~,')~a~, ~'c: ous~.i~.up_.,.} whiz the C] iA~5 
sapernatanl (o) or the 120 kDa fraction (It. Active uptake was 
obtained from the difference of uptake under energized and non- 

energized conditimls. 



Fig. 7. Ability of difP:tent plasma membrane fractions (see abscissa) 
to take tip sucro.~e actively. The data are expressed as active uptake 
per rain per n.~ protein actually rcincorl~ratcd in the [..:-uell- 
li~)somcs, and compared with native plasma membrane vcsict:~. 
Active uptake was. mea~llred after I rain incubatior, (:neaP.s of ¢~-s 

measurements, one e~perimcnt). 

pared (Fig. 6). Prnteoliposomcs made from the CHAPS 
supernatam did not show a stronger accumulation than 
th~ nailer" plasma memb+anes, ot least for short incu- 
bation times. Yet, proteoliposomes raade from the 120 
kDa fi'action accumulate mot~ sucrose that, native 
plasma raembrancs. Also, the initia~ 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 (expressed as proton-driven accumulation ~,f 
sucrose per protein actually reincorpordted in the pro- 
teoliposomes) of the various fractions obtained after 
solubilization, gel filtration, and ion-exchange t.hro- 
matography. The largest increase of specific activity of 
transport was obtained by size exclusion chromatt:g- 
raphy. Rather  surprisingly, only a marginal increase 
was noted for fractions 24-27 of the Mono-Q column. 
The other fractions obtained after ion-exchange chro- 
matography exhibited virtually no transport activity. 

Discussion 

Diffferential labeling of plasma membranes by NEM 
led us to identify, after denaturating SDS-PAGE, a 42 
kDa polypeptide that was differentially labeled in the 
presence of sucrose, but uoL of palatinos,: [?-9]. These 
data as well as selective inhibition of snerose uptake in 
protop!asts by a polycional serum directed against the 
ami.42 kDa region of the plasma membrane [10] led us 
to coaclu&+" that this polypeptide was a component of 
the suc,ose uptake system. The present wo~k was con- 
ducted to try to identify the sucrose carrier under a 
functional state, in the light of th~se former resuks, 
and as a farther test for our h~pothesis. 

The only information we had ca  the putat;,.'e su- 
crose carrier was that it was differentially !abeled, a+,~d 
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behaved as a 42 kDa polypcpt;dc after cienat*~J'ation. 
Although antibodies were available, the prcparatian of 
the antigen needed to raise the antibodies is very 
time-consuming, and the amoum o1 serum was limited. 
This precluded the use of immunoafi'inity chromatog-: 
raphy to prepare fractions enriched with the sucrose 
carrier. Attempts to identify the native sucrose carrier 
were therefore based or, size exclusion chromatography 
of plasma membrane proteins differentiallly labeled by 
NEM, and monitoring o[ native proteins by ELISA 
with an anti-42 kDa polyclonal ascite fluid. 

After differential labeling, solubilization and gel fi!- 
h'ation under non-dcnaturating conditio+::;, we found 
no pe~k of differential labeling at 42 kDa, but a single, 
rather broad, peak specific for sucrose at 120 kDa (Fig. 
IA~. The breadth of the peak is not unexpected in view 
of the /Joor separating power of the gcl filtration 
columns, particularly with detergent having a high criti- 
cal n~iccllat" concentratio~ (0.5% for CHAPS).This poor 
resolution was found also, for example, after photo- 
affinity labeling of the calcium channel of the plant 
plan.ms membran~ + [29]. After denaturatiol~, the I_70. 
kDa peak yielded a pe~k at 4~ kDa (Fig. !;3). T h e ~  
data, which were confi~-'med by that obtained after 
monhoring of th,: eluate in EL1SA with the anti..42 
I.Da aseuc fluid (Fig. 2), ~uggest that under these 
e~Ix'.rimental conditions, the 42 kDa p o l . ~ p t i d e  ~s 
part  of a bigger polymer. Although trimerization of 
tr,,nsport pnnteins has already been reported for bacte- 
ria [50], m~,tc work ~s needed to conclude on the 
nature of the maeromolecular structure in ~,hich the 42 
kDa polypeptid¢ is associated. The fact that the differ- 
cntial 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 pofy- 
peptides, rather than a trimerization process. However, 
the rclevauce of this oligomerizatien o[s~rved in vitro, 
after solubilization by a detergent, witln the state of the 
42 kDa polypeptid¢ in the membrane in vivo needs 
further work to t3c tested. 

The good agreement found between the differential 
labeling and the ELISA showed that the aseitlc fluid 
could be used to monitor the purification of tae 42 
kDa polypeptide. This was important since the further 
p~.trification step by ion-exchange chromatography was 
made in order to reconstitute the transport activity. It 
was ~mpossibie to use proteins differentially labeled by 
NEM, which i~locks transport activit). Parallel runs on 
the Mono-Q c~uld have been made, first with differen- 
tially labeled samples to Iocaliz.~ the protein, then with 
unlabeled samples to recover the. peak and to reconsti- 
tute it, but we h~:ve no evidence that blocking the 
protein with NEM wouid not alter its p-operties in 
ion-exchange chromatography. "t'hercfure. the purifica- 
tion of the poblaeptides on the Mono-Q wa;, monitored 
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with the ELISA test. A single, rather broad peak was 
also found after ion-exchange. Interestingly, the ELISA 
rcsporw, e of this peak (or at least part of this peak) was 
modified by sucrose, but not by lactose (Fig. 3). This 
strengthens the hypothesis that the protein~ prcsent in 
this peak intelact specifically with sucrose since the 
ELISA response of proteins may be affected by the 
presence of their substrate [28]. 

The purification ;,,nd the identification of transport 
proteins strongly depend on the possibility to reconsti- 
tute tbe transport system. The rcconstitution proce- 
dure was first designed with the 120 kDa fraction (Fig. 
3). Upon imposition of  an artificial protonmotive force, 
the reconstituted 120 kDa fraction was able to take up 
sucrose, but not valine, against a concentration gradi- 
ent. The study of the specific activity of  active sucrose 
transport (nmol sucrose taken up per rain per mg 
reconstituted protein, Fig. 7) shows that the transport 
acti'./ity of the I~.O kDa fraction was about 5.6-fold 
higher tha~ that of native plasma ~¢mbrane vesicles. 
Given tha+ the reconstituted proteh ~ represents ahem 
15% of the total membrane proteins initially p:esent in 
the vesicles, a 6.6-fold increase in the specific activity 
of transpe, rt should be expected if no activity was lost. 
The difference between the expected value and t~c 
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- 
con::titute it. This high activity also implies either that 
most of the carrier win; reconstituted in the right orien- 
tation, and/or that the functioning of the carrier is 
symmetrical. Prcliminaiy experiments with octyl gluco- 
side or Triton X-t00 did no~ give results better than 
CHAPS. Yet, after 1 rain i~cubation, ~ increase of 
specific activity was observed for tbe CHAPS super- 
t, atant (Fig. 7), and a decrease was ew:n sometimes 
observed, compared to native plasma m~:mbrane vesi- 
cles (Fig. 6). Som~ increase was expected since the 
CHAPS super~atant contains only 55% of the initial 
protein content. The ~~.ason for this may be due to the 
fact that the ¢mta ot Fig. 7 were obtained after 1 
minute of incubation, a time assumed to give the best 
account of the initial velocity of transport. Although 
this assumption seems valid for native plasma mem- 
brane vesicles 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 v'eloci- 
ties of transport in proteoliposomes, where the proton 
motive force may take some tim~ to build up, and is 
rapidly dissipated due to the lack of any system com- 
pensating for the dissipation of ApH and a~  due to 
the operat;on of ~he pr~toi+-cotranst~",~t s~tcm. An- 
other limitation to the comparison of the specific activ- 
ities of transport is the assumption that the size and 

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

Since the fractions 24-27 of  the Mono-Q c|:'-ate 
represent about 2 to 3% of the 120 kDa fraction, a 
large increa~ of specific transport activity ~was ex- 
pected, unlike the marginal increase actually 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 ! rain incubation would concern the: declining 
phase of the overshoot usually observed in membrane 
systems artificially energized. One way to cl',cek this 
hypothesis would be to run time cout,;e studies, which 
is hardly feasible with the Mono-Q eluates, due to the 
vely low amount cff proteins recovered. Another possi- 
bility is to run the uptake assay with lower concentra- 
tions of sucrose, to dissipate less rapidly the proton 
motive force. Another reason which this loss of activity 
could be only apparent may be due to kinetic 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-exchangc chromatography may be real, 
and again, several lessons may explain it, e.g. sensitiv- 
ity of the carrier to the conditions used for chrom0.tog- 
raphy, dialysis, reconstitution, toss of an active compo- 
nent (polypeptide, ion) during ion-exchange cltro- 
matograpby, wrong orientatiov of the carrier, etc... 
Loss of activity is unfortunately commonly found when 
membrane proteins are re.moved from their natural 
lipidic environment, even i0r proteins that do not ex- 
hibit transport activity, but simply chemical activity. 
For example, solubilization and HPLC purification of 
i,3-/3...~lucan synthase flora plasma membranes of 
B,assica oleracco was not accompanied by any increase 
in specific activity compared to the plasma membranes 
[31]. 

Although the data suggest that a large part o[ activ- 
ity was los* during ion-exchange chromatography, frac- 
tions 24-.27 possess a much higber transport activity 
than the other fractions recovc:ed from the Mon~-O 
column. Comparisons of the polypeptide pattern of this 
fraction with that of fractions 28-30 (Fig. 4), which 
exhibit very little transport ,ictivity (Fig. 7) shows that 
only a few bands differ between both samples: two very 
clo~ bands at 42 kDa, one minor band at 29 kLM, and 
possibly another band at 73 kDa are pre.~ent il. el'ac- 
tions 24-27 but rtot in fractions 28-30. The two i,ands 
m 42 kDe. could hardly been distinguished in the 120 
kDa fraction after silver straining, but a positive reac- 
tion was seen at 42 kDa in this fraction after immune- 



blotting (Fig. 4), The presep.::e of  two well-defined at 
42 kDa in the Mono-Q eluate sP.owing the highest 
activity of proton-driven sucrose transport  af ter  recon- 
stitution gives strong support  to the previous hypothe- 
sis that  a 42 kD band  is involved in sucrose transport .  

Conelnsi0ns 

The results presented here, based on three different 
approaches  (differential labeling, ELISA, reconstitu~ 
t~on) previt~e the first data  concerning the partial pu- 
rification and  reconstitution o f  a carr ier  system exi',ibit- 
ing a proton-driven t ransport  apecific for sucrose. Alto- 
gether ,  the da ta  confirm the previous conclusion that  a 
42 kDo polypeptide is [,art of  the sucrose uptake 
system of  the plant plasom membrane  [7-10]. O t h e r  
evidence support ing this conclusion has been recently 
obtained in our  ]~b. Antisera  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 force [26]. Al- 
though impr,,,vements may be still needed to increase 
the t ransport  activity measurcd  in proteol i l~:~mes,  
and  to purity end to characterize fur ther  the carr ier  
(role of  the 73 kDa and  29 kDa bands,  kinetics of  the 
reconsti tuted system), severe limitations are imposed 
to these biochemical approaches  by the large amounts  
of p lasma membrane~ to  prepare  and  to  handle,  due to 
large losses of  proteins dur ing the various steps o f  
purification, partieula:ly dur ing dialysis and  co.neentra- 
tion. These limitations might be avoided by the ~=!oning 
o f  the cor~',~sponding genes and their  expression in 
appropr ia te  systems. 

In spite of  the d i f f icul ty  of  thv biocheraieal ap- 
proach,  significant progress is presently being made in 
the reconsti tution of  earriers possessing a key role in 
carbon compar tmcnta t ion ,  since partial  purification and  
reconstitution of  the malate carr ier  o f  the tonoplast  
was also recently repor ted [32]. 
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