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Abstract. Substrate specifity of the proton-driven

hexose cotransport cirrier in the plasmalemma of

photoautotrophic suspension cells of Chenopaodinm
ruhrien L. has been studied through the short-term
perturbation of M C-labelled efflux of 3-O-methyl-
p-glucose. ElTlux, occurring exclusively via carrier-
mediated exchange dittusion. is rrans-stimulated by
the substrate and rrans-inhibited by the glucose-
transport inhibitors phiorizin (K, =0.79 mM) and
its aglucon phloretin (A, =84 uM): with both in-
hibitors.  3-O-methyl-p-glucose  efflux may  be
blocked completely. Trans-sumulation of efflux
(up to fourfold) by a variety of the p-enantiomers
of neutral hexoses. including glucose (K, =48 uM),
3-O-methyl-p-glucose (K, = 139 uM). and fructose
(K, =730 pM), but not by. for instance. p-allose.
and L-sorbose. shows that carrier-substrite inter-
action critically mvolves the axial position at C-|
and C-3. respectivelv. We suggest that substrite
binding by the Chenopoditm hexose carrier in-
volves both hydrophobic interaction with the py-
ran-ring and hvdrogen-ion bonding at C-1 and C-3
ol the p-glucose conformaution,

Key words: Cell culture (hexose carrier) - Carrier
specifity  Chenopoduon — Compartmental flux
analysis — Hexose proton cotransport -~ Phlorizin

Introduction

Although the suspension cells of Chenopodivm ru-
briom that we investigated have been propagated

* This wark s dermved from )P Gogarten's doctoral thesis
= Prosent adddresos Thiumn Laborintones, Universiy of Cali-
farnet, Sunta Crig, UA 95064, UISA
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outside, vacuole: [Py, (17 ") = unmidirectional 1Tuy (ol trager)
[mal mm gy '] trom compartment X inte Y. K, =hall-
stuTion constint [M] .

photoawtotrophically for over ten vears (Hus-
emann and Barz 1977). they sull possess a proton-
dependent hexosc-uptake system (Gogarten and
Bentrup 19841 Bentrup 1985). Apart from nutri-
tional carbohvdriate uptake. the presence of a hex-
ose-transport system in photoautotrophic cells of
a higher plantindicates a role in the phloem-bound
long-distance transport of carbohydrates (compuare
Eschrich 1980: Gogarten 1986).

There are several difficulties in interpreting and
comparing expenimental results from studies of
hexose transport that have been circumvented by
the present study. The use of photoautotrophic
cells obviates the need for a starvation period prior
lo the experiments. as the cells are cultured in a
carbohydrate-free medium: thus influences by en-
eruy deprivation are less likely 1o occur. The use
ol" suspension cells with cell wualls only about
O.1 um in thickness. whose transport-relevant
properties are characterized in terms of charge den-
sity, porosity and hyvdrolytic enzymes (Gogarten
1988). favourubly lends iisell” to control external
sugir and 1on concentrations it the membrane's
transport sites. Thus, the use of suspension cells
minimizes  uncertainties arising  tfrom  unstirred
lavers covering the transport sites, or from dis-
rupted cells. as ix invariably the case it tissues or
protoplasts are used. The most pronounced experi-
mental advantage, however, turned out to be the
teastbility of short-time perturbation ol i given
steady-state ¢fflun of Tabelled 3-O-methyl-p-glu-
cose (3-OMG).

Efffux experiments have been a valuable tool
in plant physiology, mainly for investigation of the
ionic composition of cells and cell compartments
by compartmental analysis (Walker and Pitman
1976). This technique has been extended to organic
molecules. ¢.g. 10 iabscisic acid in roots of” Hordeuni
distichon (Behl et al. 1981) and guard cells of 1ale-
rianella locusta (Behl and Hartung 1986). We have



further developed this technique to quantify fluxes
and compartmentation under net flux conditions
as encountered, for instance. in studies using trans-
port of non-metabolizable organic substrates like
3-OMG (Gogarten and Bentrup 1983). Our ver-
ston of compartmental flux analysis has turned out
to be a powerful tool in revealing subcellular hex-
ose compartmentation and the kinetic properties
of a putative hexose carrier at the plasmalemma
ol Chenopodiunt suspension cells. Explicitly, since
labelled 3-OMG is taken up into the vacuole, a
large-amplitude slow component of the efflux ki-
netics (¢, =5 h) emerges which can be repeatedly
and reproducibly perturbed by, and thus probes
the operation of, the hexose carrier, because the
cytoplasm is quickly replenished (and re-labelled)
by the large vacuole (Gogarten and Bentrup 1983).
A transient decrease in the rate of loss of radioac-
tivity caused by filling of the cytosal with non-
radiolabelled substrate was observed by Cram
(1968) in the case of chloride transpert in carrot.

We demonstrate that rans-stimulation and
rrans-inhibition by substrate and Ltransport inhibi-
tors, respectively, of 3-OMG efflux may reveal
transport-relevant molecular details of the carrier’s
hexose-binding site (see Stein 1967: Sanders et al.
1984). A companion paper (Gogarten and Bentrup
1989) deals with the driving force and voltage de-
pendence of Lhis carrier.

Material and methods

Plant marerial. The photoautotrophic suspension culture of
Chenapodivn rubriom L. wis established by Hilsemann ind Burz
(1977) and has been subcultured in our laboratory since 1979
(see Gogarten-Bocekels et al. 1985). Prior (o experiments the
suspension cells were incubated for at least 12 hin a test medi-
um {preincubation medivm) with the following compaosition:
2 mM NaCl, 0.1 mM KCL 0.2 mM CaCl,, 0.1 mM MgCl, and
2mM NaH,PO,/Na,HPO, buffer of pH 5.5. In this medium,
at atmospheric CO; pressure, the cells retain their vitality for
periods over 6 d as judged by the phenosafranine or flucrescein-
diacetate test (Gogarten-Bockels et al. 1985) as well as by the
transport properties of the plasmalemma. Cells were harvested
by gravity filiration over a 13-pm-mesh nylon net. One gram
fresh weight (FW) ol the harvested cells containg about 20

25 mgpw. 3+ 10% 10.10° cells, 0.05-0.1 m? eell surface, 0.5 ml
vacuolar volume, 50 pl cytoplasmme volume and approx. 250 pug
chlorophyll. For expeniments conducted with cells in suspen-
sion, Lhe cells were illuminated by light [rom white uorescent
lamps of 10 W.-m ™7 the temperature was 24-26° C. Mixing
was achieved by a suspended magnetic surrer or round-shuker
with « frequency 20% greater than that leading to turbulent
flow.

Glucose concentrarions were measured by the glucose-oxiduse/
peroxiduse method as deseribed by Bergmeyer and Brent (1970)
with slightly different concentrations and reduced volumes.
Concentrations of 3-OMG and other reducing sugars were de-

termined by an adaption ol the Somogyt method (Nelson 1944
Muoaore 1974),

Radivacriviny was measured by liquid scintillation counting us-
ing Unisolve 100 (Zinsser, Frankfurt. FRG) in a betamatic scin-
lillittion counter (Kontron, Ziirich, Switzerland), Quench cor-
rection was calculated using the channels-ratio method Cells
were diluted with sematillation cockiail until the counting effi-
ciency was greater thun 45% as caleulated from the chunnel
ratio and quench polynomial.

Merabofism of 3-OMG was measured as deseribed in Gogarten
and Bentrup (1983); after 6 d of incubation with [L1-'*C]-3-
OMG. 70% of the wcorporated radicactivity was recovered
as 3-OMG. 8% comigrated with sugar phosphates and 15%
comigrated with sucrese. The only substance identified in the
exit medium (exit=¢Mux without 3-OMG added (o the medi-
um} wis 3-OMG.

Efflux experiments, Cells were preincubated in o test medium
with added [U-"*C]-3-OMG The cell density was 0.05-0.1 g+
ml ™'} the specific activity was adjusted so that the cells had
incorporated at least 30 MBq gy ' at the end of the loading
period, corrcsponding to 33-270 MBy - gpy ~ ! added to the in-
cubation medium at the beginning. One gy of cells was trans-
lerred into an efflux chamber and, at the beginning of the efflux,
the medium was perfused through the packed cells. The 3-
OMG-concentration in this medium  hencelorth called stan-
dard efflux medium - was the sume as in the preincubation
medium at the end of the loading peniod without radicactive
label. The efffux ¢hamber was made from Plexiglas und was
similar Lo a short chromatography column (1.7 ¢m diameter,
approx. 2.5-cm high). The bottom consisted ol a poreelain frit
covered with a 15-pm-mesh nylon net. The cells were packed
by gravity and by [Tow of the medium (about | ml.min 1),
The packed cells were covered with another circular nylon net
to achieve a uniform flow washing the cclls. A head ol aboul
I ml solution was kept above the cells. In order 1o exclude
non-mixed spaces the washing solution (efMux medium) was
added dropwise. The kinetics of the chamber (ie. the exchange
ol trucer in lhe exlernal medium) yielded a time constant of
aboul | min. The efflux medium was collected by i raction
collector 1n 1- o 3-min intervals, The radioacuvity released
from the cells was measured by liquid scintillation counting.

Compuartmental analysis. The first 120 min of the effTux kinetics
were selected for analysis. The data were either analyzed as
described by Gogarten and Bentrup (1983} or the parametri-
cised dala were direetly fitted by the pertinent nenlinear, nonau-
tonomous sel of diflerential equations as deseribed in Gogarten
(1986). All calculations were dane on o Hewlett Packard { Bad
Homburg, I'RG) 98458 desktop caleulator. A given pertur-
bance of the steady-state flux. e of the slow component of
the eflTux kinetics when Lhe evtoplasm gains as much radioactiy-
ity from the vacuole as it looses (o the apoplast, was evaluated
according o the following reusomng: immediately alter the
flux wcross the plasmalemma, @eq, changes (perturbed flux
Ocoy). the eytoplasmic specific activity, s, 1s still unchanged.
the changed flux thus is directly mirrored by the relative change
in radioactivity rclease

Beo®s—Deo™ _(Deos—Bco) Scp _ Beos—Beo

ca’ o Sc Oco

where (eq and e * denote the unidirectional Muxes of 3-OMG
and ol radioactivity, respectively, from the cytoplasm to the
outside; scy, stands for the actual specific radioactivity in the
cytoplasm and the index d denotes the same quantibes mmmedi-
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Fig. 1. Representative kineties of "C-labelled 3-OMG efflux:
semilogarithmie plot of the radicactivity contents Q* of Lhe
¢lMux chamber holding u Chenopodium cell suspension. By stan-
durd cfMfux analysis two Nux components may be extracted
(Gogarten and Beatrup 1983); e subtruction of the exponen-
tial function descnbing the slow component, [Ay,= A exp(l/
123 vields u second. fasier component (imse?) attributed to the
clflux across the plasmalemma, Op,. Loading conditions: one
gpw 10 20 ml test medium with initally 10 mM 3-OMG dechin-
ing to 8.5 mM al the end of loading (24 h). Fluxes and concen-
trations have been ealculated from the volume estimales given
in Material and methods and the equations given in Gogarien
and Bentrup (19831 ¢ =920 mM 3-OMG oy = 53 mM 3-OMG:
Oco=370 and Oy =62 nmol 3-OMG min " gyw ' ce. oy =
cytoplasmic and vacuolar concentrations: Ogg. Opy = umidinee-
tionul NMuxes rom evtoplasm 10 outside, and vacuole to cyto-
plasm

ately after onset of perturbation. Note that after prolonged
perturbation this cquation does not hold; rather, radioactivity
release then approaches again the steady-state net fux of rudio-
activity across the tonoplast, Oye—Ocy. prior to the pertur-
bance and, in fact. is independent of the fluxes across the plas-
malemmu,

Kineties. All concentration-dependent kinctics were unalyzed
routinely with plots according to Lineweaver-Burk, Eadie-Hol-
stee and Hanes. The standard errors ol the hall-saturation con-
stants and maximal effects were determined according 1o the
iterntive least-squares fit algorithm given by Wilkinson (1961).

Results

The addituon of hexoses to the external medium
induces severul measurable responses from the sus-
pension cells. The uptake of hexoses cun be de-
scribed by a single hyperbolic relation hulf-saturat-
ing at 60 uM b-glucose (see Bentrup [985). In the
measured concentration range (10 uM to 10 mM)
we found no indication of a second (parallel) com-
ponent or a diffusion resistance in series with the
plasmalemma (unstirred layer, cell wall). When the

Table 1. Concentrations of 3-OMG i Chenopodium suspension
cells, caleulated from seven representative efllux expenments
according 10 Gogarten and Bentrup (1983) and the volume
estimates given in Material wd methods, EMux condhons: 17
36 h loading time wilh a range from 30 pM 10 10 mM 3-OMG
al the onset of loading. By uptake this initial external concentra-
ton (¢} deergused 10 the ¢ values given in the first column,
When only two components of the efflux kineties (cuvette and
cells) could be resolved, only the mean intracellular concentra-
HON is pIVEN. €¢. €y = concentralions in evtoplasmic and vacuo-
fur compartments

3-OMG concentration (mM)

Cor ¢ Uy Co'Cn
00015 079 527
0,015 13 7 153
0.057 10 27 175
0.075 2 B3 160
0.5 26 173
1.09 36 25 51
8.2 n 5 8.6

data were analyzed by least-squares (it (Marquardi
1963) to the pertinent equations (Hill-Whitingham
equittion in the case of a series resistance, e.g. sec
Smith and Walker 1980). the least-squares error
due to an increased number of parameters im-
proved only insignificantly, i.e. <10%,

The 3-OMG efflux kinetics from Chenopodium
suspension cells show two components that can
be ascribed to intracellular pools of 3-OMG
(Fig. 1). The two compartments giving ris¢ to the
two distinct components are wdentified as cyto-
plasm and vacuole, because, firstly, efMux-pertur-
bation experiments show these two pools to be in
series and, secondly. because of the amount of 3-
OMG stored in the innermost compartment (Ta-
bles 1, 2).

EffTux experiments afler varying loading condi-
tions (Table 1) show that accumulation mainly oc-
curs across the plasmalemma and that the accumu-
lution ratio decreases with increasing concentrii-
tion dilference. Table 2 gives data from a batch
of cells after different loading times in a high
(10 mM) external 3-OMG concentration. Obvious-
iy, the amount of 3-OMG in the cyvloplasm rises
rapidly at the beginning of the loading period (0
1.33 h): 3-OMG taken up thereafler being mainly
trunsported into the vacuole.

If. during the slow component of an efflux ex-
periment, the 3-OMG concentration is changed
(Fig. 2). increased 3-OMG concentrations lead 1o
an increased loss of radioactivity: this can be at-
tributed to an increased exchange by diffusion ac-
ross the plasmualemma. The increased loss of radio-
aclivity upon stimulation is far in excess of that
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Table 2. Flux rate constants (A, &) Nux components (A, A ), evtoplasmic (¢0) and vacuolur (cy) contents and ratios, respectively,
and Nuxes © for difterent loading times (7,,: first columa) in 10 mM 3-OMG Gmtial concentration), Experimental Jati for ¢ > 20 min
after start of effluy were parametricised by a least-squares [it ol two exponentials, Ay expld, 1)+ A, expth, (). In an iterative
algorithm this set of parameters was then used 1o find those numbers (¢e: v Ocg: Ope) which vielded the same two exponential
functions as the experimental datu. The residuals after Auing the experimental datw and the data from the last simulanon were
nearly idenucil, For a detailed descripuon of the algonthm see Gogarten and Bentrup (1983), and Gogarien (1956). ¢p =cexternal
concentration; Og,,. Oy = unidirectional Muxes from outside 1o cytoplusm, and vacuole (0 cytoplusm: Ocy Oye = nel steady-state

fTux icross the tonuplast

fin & A, A, Ay [3-OMG] (mM}) Oco (61992 (Ocv Ovr)
(hy (o *
minh (kBq) mmol-mim Poggy )
Coy Cc Cy C/Cp Uy /G

1.33 56 33 0.27 (.43 DR 62 5 6.3 (.08 216 29 40

1.58 42 7 0.20 1.43 93 (%] 18 6.7 0.28 130 't k]

6.25 60 %5 0.27 1.90 9.0 70 25 7.8 0.36 190 47 16

8,58 34 ity 0.35 224 R0 92 30 10.7 0.33 2N 5% 12
245 bR 1.9 0.38 +.02 84 94 36 1.2 0.60 260 70 12
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recycled by re-uptake during unstimulated efflux.
Measurement of re-uptake by varying the rate of
elflux-chamber perfusion, that is, varying the con-
centration of radioactivity in the external medium
without changing the 3-OMG concentration,
showed that 100% cis-inhibition of re-uptake
would raise nct radioactivity release by less than
21%.

Instead of varying the 3-OMG concentration
in the efflux medium. other hexoses can be substi-
tuted for 3-OMG and obviously stimulate efflux
of labelled 3-OMG 1o varying degrees (Fig. 3). Al-
ternatively, if the efflux is conducted with nonsa-
turating external 3-OMG  concentrations, other
sugars can be added to the standard efflux medi-
um: Figure 4 shows that sorbitel and L-sorbose.

in contrast to p-fructose, fail to stimulate 3-OMG
efflux to a comparable degree.

A given substance added 1o the efflux medium
may act in a number of ways. Firstly. the substance
may be recognized and transported by the hexose
carrier, leading to rrans-stimulation of 3-OMG ef-
Mux (see Fig. 2). On the level of reaction kinetics
rrans-stimulation ol a given efflux i1s plausible if
immediate transmembrane recycling of the empty
binding site to the cyvtosolic side takes more time
than its recycling via three minimum steps of (i)
substrate loading on the apoplastic side, (1) its sub-
sequent translocation (probably only a conforma-
tional change in the carrier molecule allowing sub-
strate access) to the other side, and (i) unloading
ol the unlabelled substrate.
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Fig., 3, Tramsstuimulation of 3-OMG eMux from Chenopodinn
suspension cells by 3-OMG, n-glucose and p-lTuctose (compire
Fig. 7). Strmulation s given relative to the Mux across the plas-
mutlemma (O¢q) without hexoses in the extermal medium. Least-
syuares 111 ufier Wilkinson (1961) yielded (48 peglugose:
Ktr A5 (S pM . may =4+ 1)% 0OMG K =139 (49)
uM: max =434 ( +7)%. p-fruciose Kl= TI0 (2 140) uM:
max. 316 ( +22)% [

Secondly. the substance may bind to the trans-
porter. but not be translocated and released on
the inside. This trans-inhibition of 3-OMG efMux
is demonstrated for phlorizin and its aglucon
phloretin: Fig. 5 shows efflux inhibition by phlori-
zin, and Fig. 6 gives data from the equivalent ex-
periment with phloretin. With both substances,
trans-inhibition of 3-OMG efflux may be extrapo-
lated 1o 100% (compare inset of Fig. 6). Inhibition
hall-saturates at 790 yM  phlorizin and 84 M
phloretin.

Thirdly, a given substance may show no or lit-
tle direct interaction with the 3-OMG transport:
radioactivity release is changed by less than 13%.
as shown in Fig. 4 with sorbitol and 1.-sorbose.
The marginal case of a substrate that i1s bound
and transported via the transport system. but al
such a slow rate thuat the binding site with that
substrate bound is recycled as slowly as the empty
binding site. may be subsumed also under this cate-
gory. because such a substrate fits less well than
p-glucose or 3-OMG (which both lead to a sub-
stantial increase in the recycling of the substrate-
binding site: compare category no. 1).

Figure 7 shows structures of tested sugars and
related compounds belonging to the first and the
third transport category. Other tested compounds
ol no or little 2ffect ut 2 mM concentration include
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Fig. 4. Frans-stimulation of 3-OMG-cillux from Chenopoditm
suspension eells by addition of 2 mM  p-fructose, 1-sorbose.
and sorbitol, respectively, over the indicated tme intervads. The
stundard efMux mediom continned 160 pM 3-OMG. Note the
rise ol radionetivity release alter return o the stundird ¢flTux
medium as a result of relabeling of the cyloplasm tfrom the
vacuole

open-chain sugar alcohols (mannitol. L-sorbitol =
n-glucitol) or cyclic sugar alcohols (myu-inositol),
but also t-glucose and disaccharides (multose. cel-
lobiose). To our surprise, however, glucose-6-phos-
phate and sucrose also stimulated 3-OMG efllux.
It turned out that both are hydrolvzed by cell-wall-
bound enzymes. whereas fructose remained unmo-
dified in the external medium (data not shown).

Addition of 2- and f-p-glucose to the standurd
efflux. medium (150 pM 3-OMG. pH 6.5). dis-
solved immediately before addition. produced
nearly identical stimulating  effects  (2-  gave
+ 114% and fi-p-glucose + 118% relative to stan-
dard efflux medium).

The effect of the charged sugar derivates glu-
cosamine (re. 2-amino-2-deoxy-p-glucose) and
glucuronic acid on 3-OMG efflux became more
evident at pHs favouring the neutral form; 2 mM
glucuronic acid stimulated at pH 4.5, whereas no
effect was observed at pH 6.5, With glucosamine.
the &, of stimulation decreased from about 4.4 mM
glucosumine at pH 5.5 1o 550 pM at pH 6.5,
whercas the concentration dependance of rrans-
stimulation by external 3-OMG was only little af-
fected by the shift of external pH from 5.5 towards
6.5.

Substrates of other H'-cotransport systems
like z-aminoisobutyric acid had no effect on 3-
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OMG efMux when added to the elflux medium at
2mM concentration (k, for a-aminoisobutyric
acid uptake in Chenopaditon is about 10 puM; data
not shown).

Discussion

Our compartmental analysis of 3-OMG-efflux ex-
periments shows that 3-OMG. being offered for
prolonged times, is mainly transported across the
tonoplast into the vacuole (Table 1), The maximal
fluxes across the tonoeplast are about one-third of
that determined lor the plasmalemma, i.e. approx.
60 versus 200 nmol-min '-gey ! (Table 2). The
possibility that the innermost compartment (i.c.
the compartment [rom which the radioactivity con-

tent of the cytoplasm is refilled after a transient
trans-stimulation of elflux) may be attributed to
a metabolic (possibly cytosolic) pool, instead of
the vacuole, can be excluded, since the major frac-
tion (>93%) of the incorporated radioactivily un-
dergoes the efllux and is attributable to the slowly
exchanging compartment, whereas the metabolized
fraction of labelled 3-OMG was rather small (20%
after 6 d).

Trans-stimulation of efflux by external sub-
strate and, vice versa, ol influx by internal sub-
strate is an excellent indicator of interaction be-
tween a transported substrate and a given carrier
having a single binding site (compare Stein 1967).
In lower plants, evidence lor such a hexose carrier
has been found in Chiorella (Komor et al. 1972)
and the liverwort Riccia fluitans (Gogarten and
Bentrup 1983). Our data infer the lollowing mole-
cular features for the carrier in the Chenopodium
plasmalemma. In Fig. &, we have outlined a clearly
speculative model of the carrier binding site. First-
ly. any transportable substrate must be able 10
form a pyran-ring. Secondly, the only hydroxyl
group strictly preventing transport il oriented axi-
ally (1.e. normal to the plane of the pyran-ring).
was the one at C-3 (p-allose and n-ribose; Fig. 7).
Since, on the other hand, 2-deoxy-p-glucose was
transported at least as well as p-glucose. the hydro-
phobic area of the p-glucose molecule below its
equaltorial plane, especially below C-2 and C-3,
seems Lo be essential for substrale binding. Hy-
droxyl groups pointing axially above the ring plane
apparently do not affect binding. nor is the
CH,OH-group at C-6 required for transport.

Thirdly, glucosamine is effectively transported
by the 3-OMG-transporting system of Chenopo-
ditom suspension cells, but only in its neutral form
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Fig. 8. Schematic view ol the interactions between substrale
and substrate-binding site proposed l'or the hvpothetical hexose
transporter in the plasmalemma ol Chenopodiun., Dats repre-
sent hiydrogen boanding, the phenyl residue symbolizes hvdro-
phobic interaction belween binding-site and the hexose pyran
ring. and ¢ the transporter’s negalive charge (see texit)

lructose (equivalent to C-5 in p-glucose) pointing
axially dewnwards in Fig. 7 may bend slightly to
the equatorial plane, so the chair conformation be-
comes a little more planar. In L-sorbose this in-
duced 1t might fail because deformation towards
a more planar structure would shift the equatorial
hydroxyl at C-5 (equivalent to C-2 in D-glucose)
somewhat below the equatorial plane and thus im-
pede the postulated hydrophobic interaction
(Fig. 8).

Finally, we brelly consider this hydrophobic
interaction. The depicted model of an arbitrary
phenyl residue (methyl or indole groups would be
Fairly equivalent) and four hydrogen bonds in a
plane including angles ol about 120 and 60 degrees,
respectively, 15 consistent with all observations of
this study. Moreover, the hydrophobic interaction
nicely explains the strong (up to 100%) inhibition
of the Chenopodium hexose (ransporter by phlori-
zin and phloretin (Fig. 5, 6). In plants, so far, inhi-
bition of a4 hexose carrier by phlorizin has been
found in Riccwa flultans by Felle et al. (1983). The
unexpected Nnding that phloretin. the aromatic ag-
lucon of phlorizin, is the stronger inhibitor. clearly
points Lo an interaction ol its 2,4,6-trihydroxy-ace-
tophenone group with the hexose-binding site. Ac-
tnally, 0.1 mM 2 4.6-trihydroxy-ucetophenone sig-
mificantly inhibits 3-OMG clTlux (data not shown).
In a parallel study. hydrophobic interaction has
been postulated to be involved in substrate recog-
nition by a sucrose currier in protoplasts derived
Irom soybean cotyledons (Hitz et al. 1986).
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