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Characterization of  Hexose Transporter
Tonoplast Vesicles from Pear Fruit

for Facilitated Diffusion of  the
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Laboratory ofHbrticuttural Sciencq School ofAgriculturai Sciences, Nbgoya Uhiversity,Chikusa, IVltgoya, 464-Ol Jopan

    Tonop]ast yesicles  were  prepared from the flesh tissue
of  mature  pear fruit. Sugar uptakes  into the vesicles  deter-
mined  by  two different methods,  the membrane  alld the
ge] Mtration methods,  were  quite sjmilar. The uptake  was

highest for glucose and  subseqllently,  in order,  for fruc-
tose, sucrose  and  sorbitol. It was  not  stimulated  by addi-

tion  of  ATP,  although  the yesicles  could  create  a  proton
gradient. However,  the uptakes  were  significantly inhibit-
ed  by p-chloromercuribenzene  sulphonate  (PCMBS,  SH-
reagent  and  inhibitor of  sugar  transporter). Further, the
PCMBS-sensitive  uptakes  of  glucose and  fructose satu-

rated  with  their increased concentrations.  Thlls, these
PCMBS-sensitiye uptakes  are mediated  by the transporter
of  facilitated diffusion. The  uptakes  of glucose or  frllctose
each  had  two Kl. yalues.  Kin ya]ues  for glucose were  O.35
and  18 mM,  and  those for fructose were  1.6 and  25 mM.
The uptake  of  O.2 mM  g]ucose was  inhibited by 2 mM  fruc-
tose and  that of  2 mM  fructose was  inhibited by  2 mM  glu-
cose,  but neither  was  inhibited by  sucrose  or  sorbitol.  O-
methyl-glucose  (OMG)  also  inhibited both the glucose and
frllctose uptakes.  Therefore, the same  transporter may  me-

diate both glucose and  fructose uptakes  at  lower concentra-

tions; this hexose transport system  differed from  the  su-

crose  and  sorbitol  transport systems.

Key  words:  Facilitated diffUsion -  Fructose -  Glucose -
Pear (llyrus communis)  fruit -  Sugar transport -  Tono-
plast vesicles.

   Sugar is a  primary and  important storage  compound

in some  plant tissues, such  as many  fruits, beet root,  and

sugarcane  stalk, The  vacuole  is themajor  cellular compart-
ment  for sugar  accumulation  in such  sink  tissues. There-
fore, it is very  important to clarify the mechanism  of  sugar

transport across  the tonoplast. The  sugar  transport mechan-
ism of  the plant plasma  rnembrane  has been studied  at the

   Abbreviations: BSA,  bovine serum  albumin;  BTP, bis-tris
propane;  DTT,  dithiothreitol; OMG,  O-methyl-glucose; PCMBS,
p-chloromercuribenzenesulphonate.
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molecular  level (Buckhout and  Tubbe 1996, Tanner  and

Caspari 1996). Genes for the sucrose  symporter  and  glu-
cose  transporter have been isolated from some  plant spe-
cies. Further studies  of  histochemistry and  transgenic

plants by the antisense  method  have  demonstrated  that
the sucrose  symporter  plays an  important role  in phloem
loading of  source  leaves. On  the other  hand, the transport
mechanism  of sugar  across  the tonoplast has been studied
far less than that of  plasma membrane,  although  it is con-
sidered  to function effectively  in sugar  accumulation  of

sink  tissue.

    Beet root  and  sugarcane  stalk are typical sugar  storage

tissues; their major  accumulated  sugar  is sucrose.  Some
reports  showed  a protonlsucrose antiport  mechanism  in

the tonoplast of  sugar  beet (Doll et al. 1979, Getz 1991) and
red beet roots  (Briskin et al. 1985b). Getz et  al.  (1991)
reported  that  a  protonfsucrose antiport  mechanism  also  ex-

isted in the tonoplast of sugarcane  stalk.  In contrast,  other

reports  showed  only  facilitated diffusion of  sucrose  in the
sugarcane  tonoplast (Preisser and  Komor  1991, Williams et

al. 1990), In the  tonoplasts of  sucrose  storage  tissues, both
active transport and  facilitated diffusion of  sucrose  have
been reported;  and  the mechanism  of  such  sucrose  accumu-

lation is still controversial.

    Another typical sugar  storage  tissue is fruit; some  of

them  accumulate  hexose as a primary  storage  sugar.  In
Rosaceae  plants such  as pear and  apple,  part of  the photo-
assimilate  is synthesized  to sorbitol, which  is unloaded  into
fruit with  sucrose.  Then  the sorbitol  and  sucrose  are  con-

verted  into hexose and  accumulate  in the fruit (BerUter
1985, Loescher and  Everard 1996, Yamaki and  Ino 1992).
Yarnaki et al, (1993) reported  the hexese is the major  accu-

mulated  sugar  in both the cytosol  and  vacuole  of  the  pear
fruit cell. Therefore, a hexose transport mechanism  might

exist in the tonoplast of  pear fruit. Yamaki  (1987) reported

the active transports of  sorbitol  and  sucrose  into the vacu-
oles  isolated from immature apple  fruit, However, it is still
unclear  whether  a  hexose transporter exists  in the tonoplast
of  pear fruit and  how  sugars  accumulate  in the vacuoles.  In
tomato  fruit, hexose is also  the major  storage  sugar,  al-

though  the primary translocated sugar  of  tomato  plants is
sucrose.  Milner et al. (1995) reported  distinct transporters
of  facilitated diffusion for glucose and  fructose existed  in
the tonoplast  vesicles  from tomato  fruit. In this study,  we

observed  a relatively high activity of  facilitated diffUsional
transport for glucose and  fructose in the tonoplast vesicles
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from pear fruit. Interestingly, the details of  this hexose
transport were  considerably  different from  those of  tomato

fruit.

Materials and  Methods

   Ptant materiat-Pear  (Ilyrus communis  L, var.  sativa  DC,  cv.

`La
 Frarice') fruits were  harvested at  maturity  (middle of October)

and  stored at -1eC,

   lsotationoftonoplastvesietes-Tonoplastvesicleswereisolat-
ed  by a  modification  of the methods  described previously (Hosaka
et al, 1994, Maeshima  and  Yoshida 1989). The flesh tissue of pear
fruit was  grated in 70mM  Tris-HCI buffer (pH 8,O) containing
250 mM  mannitol,  2 mM  ethylene  glycol-bisue-aminoethyl ether)-

t";IV;IV;N' tetraacetic acid  (EGTA), O,5%  (wly) BSA  (fraction V

powder), 4mM  DTT,  12.5mM  fi-mereaptoethanol, 5%  (wlv)
polyvinylpyrrolidone  (PVP-40), 1 mM  phenylmethylsulfonyl fluo-
ride  (PMSF), and  2 mM  MgS04  and  homogenized with  a  grass ho-
mogenizer.  The  homogenate was  centrifuged  at  10,OOO x  g for 20
min.  The supernatant  was  centrifuged  at 100,OOOxg for 30min.

The precipitate was  suspended  in the suspension  medium  (2SO mM
mannitol,  1 mM  DTT,  2 mM  MgS04  and  4 mM  BTP-MES,  pH
7.2) and  sonicated  for 20 s, After the suspension  was  centrifuged

at 10,OOOxg for 20min, the supernatant  was  centrifuged at

1oo,ooOxg for 30min, This microsomal  precipitate was  sus-

pended in 4 mM  BTP-MES  buffer (pH 7,2) containing  500 mM  su-

crose,  1 mM  DTT,  and  2 mM  MgS04  and  poured into a  centrifuga-

tion tube, The suspension  was  overlayered  with  the suspension

medium,  After centrifugation at 100,ooO ×  g for 1 h with  RPS27-2
rotor  (Hitachi, Tokyo, Japan), the interface layer was  collected

and  diluted with  the suspension  medium.  The suspension  was  then
centrifuged  at  125,OOO ×  g for 30 min.  The precipitate was  washed

with  the suspension  medium  and  centrifuged  again.  The precipi-
tate was  suspended  in a smal1 volume  of  the suspension  medium

and  used  as  tonoplast vesicles  within  one  day.

   A71Pase and  proton transport activities-The  activities  of

ATPase  and  proton transport were  measured  by modifications  of

the methods  of  Matsuura-Endo et al, (l990) and  Briskin et al.

(1985a), respectively,  The ATP  hydrolysis activity was  colorimetri-

cally  measured  by determining the rates  of  liberation of  Pi at

300C. The standard  reaction  mixture  for ATPase  activity  contain-

ed  3 mM  Tris-ATP, 3 mM  MgS04,  50 mM  KCI, 1 mM  sodium

molybdate,  O.02% Triton X-100, and  50 mM  BTP-MES  (pH 7,S),
Proton transport actiyity  was  measured  at 20eC as the quenching
rate  of  fluorescence of  quinacrine. The standard  reaction  medium

contained  250 mM  mannitol,  50 mM  KCI, 5 ptM quinacrine, 3 mM
Tris-ATP, 3mM  MgS04,  and  20  mM  BTP-MES  (pH7,S), The

change  in fiuorescence was  monitored  with  a  fluorescence spectro-

photometer (Hitachi 850) set at 430  nm  for excitation  and  at 500

nm  for emission.
   Sugar transport activity-Sugar  uptake  was  assayed  by the
membrane  Mtration method  in most  experiments  and  by the  gel
Mtration method  in some  cases  , All proeedures were  carried  out  at

20-25OC, Sugar uptake  by the membrane  filtration method  was  as-

sayed  by a modification  of the method  of  Getz (1991), Vesicles

(60-1OO "g protein) were  preincubated in O.9 ml  of the reaction me-

dium  (278mM mannitol,  3mM  MgS04, 50mM  KCI, ±3mM
Tris-ATP,  ± 2.22 mM  PCMBS  and  4 mM  BTP-MES,  pH  6,5) for
10 min.  Uptake was  initiated by addition  of  O,1 ml  [i`C]-sugar so-

lution (370-1,480kBq ml-'),  120 pt1 aliquot  of  reaction  mixture

was  diluted with  1,3 ml  of  the washing  buffer (250 mM  mannitol,

45 mM  KCI and  4 mM  BTP-MES,  pH  6.5) to stop  the sugar up-

take at each  interval, The diluted reaction  mixture  was  filtered

under  vacuum  through  a cellulose  nitrate filter (O.45 "m  pore size,

Millipore) pre-wetted with the washing  buffer, The filter was

washed  4 times with  1 ml of  the washing  buffer. The radioactivity  re-

tained on  the filter was  determined by liquid scintillation  spec-

trometry. The gel filtration method  was  performed by a  modifica-

tion of  the method  of Moriyama  et al, (1993). Sephadex G-50

(fine, Pharmacia)  was  pre-equilibrated with  the washing  buffer.
The  1 ml  syringe  column  fi11ed with  the gel was  centrifuged at

1ooxgfor2mininaswing-outrotor,The150pt1aliquotsofreac-
tion mixture  were  taken  at  intervals, immediately applied  to the

column,  and  centrifuged at 1oo xg  for 2 min,  The radioaetivity

contained  in the eluate  was  determined by liquid scintillation spec-
trometry. Total uptake  and  PCMBS-insensitive uptake  of  sug-

ar were  determined by the reactions  without  and  with  2mM
PCMBS,  respectively.  PCMBS-sensitive  uptake  of  sugar  was  cal-

culated  by subtraction  of PCMBS-insensitive uptake  from total

uptake.

   Protein assay-Protein  content  was  determined by the

method  of  Bradford (1976), using  BSA  as  a  standard.

Results

   A71Pase and  proton  trzinsport activities of tonoptcLst
vesicles-ATPase  activity  of  tonoplast  vesicles  was  inhib-
ited to 10 and  34%  of  the control  by nitrate and  bafilo-

mycin  (V-type ATPase inhibitors), respectively, Vanadate

(P-type ATPase inhibitor) reduced  ATPase  activity slight-

ly, and  azide  (F-type ATPase inhibitor) had little effect

(Table 1). The  ability of  the vesicles to establish  a proton

gradient was  determined by rneasuring  ionophore-reversi-
ble quenching. As  shown  in Fig. 1, approximately  80%  of

proton  transport activity was  inhibited by nitrate. The

degree of  inhibition corresponded  closely to that of  ATP-
ase actlvlty,

   ElfiZict ofA 7:P and  PCMBS  on  sugar  uptake  into tono-

plast vesiclas  measured  by two  dU7?irent methocts-We  ap-

plied two  different methods  for deterrnination of sugar  up-

take into the tonoplast vesicles: the membrane  filtration
and  gel filtration methods,  When  assayed  by the membrane

filtration method,  glucose, fructose, sucrose  and  sorbitol

were  taken  up  into the tonoplast vesicles (Table 2). The

Table 1 Inhibitor sensitivity  of  ATP  hydrolysis activity

associated  with  tonoplast vesiclesATP

 hydrolysis
Inhibitor     "mol  Pi %

(mgprotein)-ih-i (control)
ControlKN03

 (150 mM)

Na3vo4 (loo "M)
Bafilomycin (100 nM)

NaN3  (1 mM)

17.71.8414.56,0316,710010823494

ATPase  actiyity  was  determined as described in Materials and
Methods.
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Fig. 1 ATP-ctependent quenching of quinacrine fiuorescence in
tonoplast vesicles. Final concentration  of  KN03  was  150 mM.  The
activities  of  ATP-dependent proton transport in the absence  and

presence of KNO]  were  46.9 and  12.5 percent fluorescence min-i

(mg protein)-i, respectively.

uptake  was  highest for glucose and,  subsequently,  in
order  for fructose, sucrose,  and  sorbitol.  The  uptakes  of

these four sugars  were  significantly inhibited by PCMBS
(PCMBS-sensitive uptake);  this result suggests  that  their up-
takes  were  mediated  by a transporter. In particular, the up-
takes of  glucose and  fructose were  inhibited to 18 and  35%
of  the control  by PCMBS,  respectively; the inhibition of  su-

crose  and  sorbitol uptakes  were  about  40%, The  uptakes  of

these  four sugars  were  not  activated  by the addition  of

ATP,

   The uptake  of  each  sugar  was  also  examined  by the gel
filtration method  to verify  the lack of  stimulation  after add-

ing ATP  (Table 2). The  uptake  of  each  sugar  was  quite
similar  to that by the membrane  filtration method;  uptakes

of  glucose and  fructose were  large and  inhibited predomi-
nantly  by  PCMBS,  while  those of  sucrose  and  sorbitol  were

diM-Na]em9oL=L711 
4et9

 3ogg

 2o6EE

 to

oo510Time(
 15min)2025

Fig. 2 Time  courses of 1 mM  glucose and  fructose uptakes  inte
tonoplast vesicles.  A, glucose uptake.  B, fructose uptake.  Tetal
uptake,  PCMBS-sensitive  uptake,  and  PCMBS-insensitive uptake
were  expressed as  e,  -  and  O,  respectively,  Sugar uptake  was  meas-

ured  by the membrane  filtration rnethod.

smaller.  Uptakes  of  these four sugars  were  never  stimulated

by ATP.  By two  different rnethods,  we  obtained  almost

the same  results. The uptakes  not  inhibited by  PCMBS

(PCMBS-insensitive uptake)  were  not  very  different among

these four sugars  and  were  considered  to be simple  diffU-
sions. The glucose and  fructose uptakes  were  steady

enough  to characterize;  on  the other  hand, sucrose  and  sor-

Table 2 Effect of  ATP  and  PCMBS  on  uptake  of  each  sugar  compared  between the membrane  filtration and  the gel
filtration methods

Treatment
Sugar uptake  [nmol (mg protein)-iMin-i]

Glucose% Fructose% Sucrose% Sorbitol%

Membrane  Filtration

  Control
 ATP

  PCMBS

Gel Filtration
  Control
 ATP
  PCMBS

2.63± O.04 (1oo)
2.51± O,05 (95)
O.48± O,OS (18)

4,71± O.19 (100)
4.30± O.10 (91)
O.36± O.Ol (8)

1.30± O.11
1.07±O.07
O.44± O.04

1.85± O,07
1.67± O.07
O.34± O.03

(100)
 (82)
 (34)

(1oo)
 (90)
 (18)

O.50± O.03 (100)
O.46± O.04 (92)
O.28± O.03 (56)

O,67± O.09 (100)
O.72± O.05 (107)
O.35± O.03 (52)

O.38± O.04 (1oo)
O.37±O,04 (97)
O.23± O.02 (61)

O.47± O.03 (100)
O.46± O,OO (97)
O.31± O.Ol (66)

Final concentration  of  each  sugar was  1 mM.  Different tonoplast vesicles  were  prepared for the membrane  and  the gel filtration methods,
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Fig. 3 Concentration dependenee of  glucose and  fructose up-
takes into tonoplast vesieles.  A, glucose uptake.  B, fructose up-

take. Total uptake,  PCMBS-sensitive uptake,  and  PCMBS-insen-
sitive uptake  were  expressed  as  e,  -  and  O,  respectively,  Inset of
eaeh  graph  shows  the magnification ef  the low concentration

range.  Sugar uptake  was  measured  by the membrane  filtration
method.

bitol uptakes  were  sornewhat  erratic. Next  we  further char-

acterized  the glucose and  fructose uptakes.

   Kinetias of hexose uptake-Time  courses  of glucose
and  fructose uptakes  are  shown  in Fig, 2. PCMBS-sensitive

uptake  of  glucose was  initially rapid,  with  a large propor-
tion of  the uptake  occurring  before the first sampling  tirne

(30 s). Similar inclinations were  observed  in the  sucrose  up-

take  into the tonoplast vesicles from tomato  fruit (Milner
et al, 1995) and  sugarcane  stalk  (Williams et al. 1990), The
uptake  then increased almost !inearly with  time for first sev-

eral rninutes, but the uptake  rate  slowed  with  prolonged

reaction.  PCMBS-sensitive  uptake  of  fructose showed  the

almost  same  pattern as that of  glucose. PCMBS-insensitive
uptake  of  glucose or fructose was  also  initially rapid  but
then continued  to increase linearly with  time for 20 min,
This result also  suggested  that the PCMBS-insensitive  up-

take is a  simple  diffUsion rather  than a carrier-mediated

one,  In further experiments,  the incubation time for sugar

uptake  was  determined within  10 min.

   The  concentration  dependent curves  of  glucose and

fructose uptakes  are shown  in Fig. 3. PCMBS-sensitive up-
take of  glucose was  comprised  of  two  components  which

were  concentration  dependent, while  PCMBS-insensitive
uptake  rose  linearly in proportion to glucose concentration

(Fig. 3A). The presence of  the two component  system  was

shown  more  elearly by Lineweaber-Burk plots of  PCMBS-

sensitive  uptake.  The  Kin values  of  components  in the lower

and  higher glucose concentrations  were  estimated  to be
O,35 and  18mM,  respectively  (Fig.4A, B). The curve  of

PCMBS-sensitive uptake  of  fructose was  also  comprised  of

two components  in both  a  low and  high fructose concentra-
                                            '
tion (Fig, 3B). The 1<,, values  of  the components  were  esti-

mated  to be 1.6 and  25 rnM  (Fig. 4C, D),

Table3  Competition between O.2mM  glucose or  2mM  fructose uptake  into tonoplast vesicles  and  other  sugars

O.2 mM  glucose uptake 2 mM  fructose uptake

Treatment(mM)nmol(mgprotein)-i

     Min-i

   %ofcontrolTreatment (mM) nmol(mgprotein)-i

                     MinJl

   %ofcontrol

ControlFructose

OMG

Sucrose

Sorbitol

 O.2220

 O.2220220220

1.531.38O.87O.291.40O,77O,151.661.621.441.60100905719925010108106

 9410S

ControlGlucose

OMG

Sucrose

Sorbitol

O.2220

 O,2220220220

1.881.631.06O,341.651,51O.581.801.731.631.951008756188880319692

 87104

Sugar uptake  was  measured  by the membrane  filtration methed.
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Fig. 4 Lineweaver-Burk plots of  PCMBS-sensitive uptakes  of glucose and  fructose, Data came  from the sarne experiment  shown  in
Fig. 3, A  and  C  show  uptakes  of  glucose and  fructose, respectively.  B or  D  shows  the magnification  of  the higher concentration  range  of
A  or  C, respectively.

   Competition for PCMBS-sensitive  hexose uptake  with

each  sugar-The  competition  for PCMBS-sensitive hexose
uptake  with  each  sugar  was  examined  for the components
at the lower concentration  of  glucose Q(.=O.35 mM)  or

fructose (1<. =::  1.6 mM).  As  shown  in Table 3, the uptake
of  O,2 mM  glucose was  reduced  to 57 and  19%  of  the con-

trol by  addition  of  2 and  20 mM  fructose, respectively,  and

to 50 and  10%  of  the control  by addition  of  2 and  20 mM
OMG,  respectively.  The  uptake  of  2 mM  fructose was  also

inhibited to 56 and  18%  of  the control  by addition  of  2 and
20 mM  glucose, respectively,  and  to 31%  of  the control  by
addition  of  20 mM  OMG  (Table 3). However,  the uptakes
of  both sugars  were  not  inhibited by the addition  of  either

sucrose  or sorbitol.

Discussion

   To  characterize  the tonoplast vesicles frem pear fruit,
the activities of  ATP  hydrolysis and  ATP-dependent  pro-
ton-transport were  determined with  some  inhibitors for
ATPases.  ATPase  activity of  the tonoplast vesicles was  in-
hibited substantially  by nitrate and  bafilomycin (Table 1).
ATP-dependent proton  transport, detected as ionophore-
reversible  quenching, was  also inhibited by nitrate  (Fig, 1).
Vanadate  slightly inhibited ATPase  activities of  the tono-

plast vesicles (Table 1). When  we  separated  microsomes

from pear fruit by continuous  sucrose  density gradient cen-
trifugation, the highly tonoplast rich fraction also  contain-

ed  vanadate  sensitive  ATPase  activity at the same  level as in

the present data (data not  shown),  Some  reports  have
shown  that ATP-dependent pumps  inhibited by vanadate

exist in tonoplasts, for example,  proton  pumps  (Magnin et
al, 1995, MUIIer et al. 1996), calcium  pumps (Fukumoto
and  Venis 1986, Pfeiffer and  Hager  1993), and  a  gluta-
thione S-conjugate pump  (Martinoia et al. 1993). There-
fore, the vanadate  sensitive ATPase  activities of  pear tono-
plast might  originate  in the tonoplast rather  than be caused
by contamination  by the plasma  membrane.  We  eoncluded

that our  tonoplast vesicles  contained  little contamination

by other  membranes  and  were  sealed  to create  a  proton  gra-
dient across  the tonoplast,

   As  assayed  by the membrane  filtration method,  the up-

take into the tonoplast vesicles  was  highest for glucose and,
subsequently,  in order  for fructose, sucrose,  and  sorbitol.

The uptakes  were  significantly  inhibited by PCMBS  but not
stimulated  by the addition  of  ATP  (Table 2). Therefore the
uptake  of  each  sugar  was  also  examined  by the gel filtration
method,  which  has the  advantage  of  using  enough  more  ves-

icles compared  with  the membrane  filtration method  to
detect fainter changes  in uptake.  The uptakes  of  these

four sugars  by this method  followed the same  pattern; they
were  significantly inhibited by PCMBS  and  never  stimulat-

ed  by ATP  (Table 2). Thus, the  results  of  the sugar  up-

takes by two  different methods  coincided,  indicating that
the present results  are reliable and  reflect  the reality  of

the sugar  transport in these isolated tonoplast vesicles,

PCMBS-sensitive  uptakes  of  glucose and  fructose saturat-
ed  with  their increased concentrations  (Fig.3). From  the
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above  results,  it was  indicated that a transporter for facili-

tated diffUsions of  glucose and  fructose exists in the tono-

plast vesicles. In pear and  apple  fruit, hexose is a prirnary
storage  sugar  (BerUter 1985, Yamaki and  Ino 1992). In

more  detail, Yamaki  et al. (1993) reported  hexose is the ma-

jor accumulated  sugar  in both the cytosol  and  vacuole  of

pear fruit cell.  Thus it is reasonable  that relatively high hex-

ose  transport was  detected in the tonoplast of  pear fruit,

The hexose transporter may  contribute  the process of  sugar

accumulation  into vacuoles  andlor  the export  of  sugar

from vacuoles.  Hexose  transport in the tonoplast, espe-

cially  in hexose storage  tissue, has been studied  in far less

detai1 than those of  the plasma membrane  and  sucrose

transport of  the tonoplast. Therefore, we  further character-
ized this hexose transport.

   The concentration  dependent curves  of PCMBS-sensi-
tive uptakes  of  glucose and  fructose were  comprised  of  two

components  at low and  high concentrations.  Such a two

component  system  was  reported  in the sucrose  uptake  into
the tonoplast  vesicles  from red  beet root  (Getz 1991) and
sugarcane  stalk (Getz et  al. 1991), in hexose uptake  into the
vacuoles  from barley mesophyll  (Martinoia et al. 1987),
and  in hexose uptake  into the tonoplast vesicles  from tobac-
co  cells  (Verstappen et  al. 1991). Although such  two  com-

ponents systems  of  sugar  transport have been observed  not

only  in the  tonoplast but also  in the plasma  membrane  of

some  plant species (Buckhout and  Tubbe 1996), it is still

unclear  whether  there  are  two  different transporters or a

single transporter responding  differently to low and  high
hexose concentrations.  It is suggested  that isolated tono-

plast vesicles  might  include both right  side out  and  inside
out  vesicles and  that the results  of  sugar  transport might

derive from both sides  of  these vesicles. There is some  possi-

bility that a single transporter rnediates  both import  into

vacuoles  and  export  from  vacuoles  and  has different aMni-

ties for the difflerent directions, resembling  the  asymmetric

transporter reported  for erythrocyte  hexose transport

(Wheeler and  Hinkle 1985).
    To determine the substrate  specificity  of  hexose trans-

port, competition  for the uptake  of  the lower glucose or

fructose Kin values  was  studied.  The  uptake  ofO.2  mM  glu-

cose  competed  with  fructose, and  the uptake  of2  mM  fruc-

tose competed  with  glucose (Table 3). Further, both the up-
takes of  O.2 mM  glucose and  2 mM  fructose competed  with

OMG.  These results  suggested  that the uptakes  of  glucose

and  fructose at the lower concentrations  were  mediated  by

the same  transporter. Sucrose and  sorbitol  did not  inhibit
the uptakes  of  glucose and  fructose (Table 3), Therefore,

this hexose transport system  d･iffers from the sucrose  and

sorbitel  transport  systems.  OMG  uptake  into the tonoplast

vesicles  from  tobacco  cell  was  inhibited by glucose and  fruc-
tose (Verstappen et al. 1991), Martinoia et  al. (1987) sug-

gested that fructose uptake  into the  vacuoles  from barley

mesophyll  was  mediated  by the glucose transport system,

The  concentration  dependencies of  these hexose uptakes  in
tobacco and  barley tonoplast  also showed  as two  compo-

nent  systems  and  relatively low KL, values,  Thus  these hex-
ose transport systerns might  be similar to that  of  pear fruit,

In contrast,  Milner et al. (1995) suggested  that distinct
transporters mediated  glucose and  fructose uptakes  into
the tonoplast vesicles of  tomato  fruit, and  their concentra-

tion  dependent  curves  were  comprised  of  only  one  compo-

nent.  Their Kth values  for hexose transport were  approx-

imately 120mM,  much  higher than those of  pear fruit,
Therefore thc hexose transport system  of  tomato  fruit tono-

plast may  differ from that of  pear fruit, although  both  pear

and  tomato  fruit are hexose storage  tissues. To clarify the

hexose transport mechanism  of  tonoplasts, including the
behavior of  two  component  systems  and  the differences

among  plant species, further investigation is necessary.

   At  present, there  is no  information concerning  the hex-
ose  transporter of  the tonoplast at the protein and  molecu-

lar levels, Sucrose transporters have only  been  partially pu-
rified  from the tonoplast of  sugarcane  (Getz et al, 1994,
Thom  et  al. 1992) and  red  beet (6etz et al. 1993), Recently,
a putative cDNA  encoded  tonoplast sugar  transporter was

screened  from a cDNA  library of  sugar  beet, although  its
function is not  clear (Chiou and  Bush 1996). Further bio-
chemical  studies,  such  as  the isolation of  transporters and

their genes, may  lead to clarification  of  the  sugar  transport

mechanism  of  tonoplasts.
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Japan.
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