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   Osmotic water  permeability (P,,) was  measured  in

protoplasts iso]ated from  different tissues of Rhaseoins

vuigaris  twining sheot.  Parenchyma  protoplasts exhibited

more  freqllently high P., yalues  thail epidermis  protoplasts
did. Water  channels  could  facilitate water  movement  be-
tween parenchyma  cells  whereas  cell-to-cell  water  transport

mostly  occurs  through  plasmodesmata  in epidermis.
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   In Freneh bean (Phtxseolus vuLgaris  L.), twining shoots
display a  revolving  movement,  previously called  circum-

nutation,  that occurs  rhythmically  in the free-moving part
of  the shoot,  Preyious results (Badot 1987) indicate that

revolving  movement  is likely driven by turgor variations

in cells of the bending zone,  The  involvement of  ion

and  water  fluxes has been proposed  (Badot et al.  1990).

Recently, Care et al. (1998) demonstrated that revolving
movement  was  strongly  related  to reversible length varia-
tions  in cells  of  the free-moving part of  the shoot.  Availa-
ble data argue  in favor of  alternative  swelling  and  shrink-

ing occurring  in the growing cells of  the bending zone.

Thus, water  fiuxes play a central  role in the revolying

rnovement  mechanism.  Up  to date, cell-to-cell  water  path-
ways  in Phtzseolus vuigaris  have been partly documented.
Millet et  al. (1988) found abundant  plasmodesmata  only

between epidermal  cells of  the free-moving paft of  the

shoot.  Aquaporins  could  be an  other  water  pathway in-
volved  in the revolving  movement,

   Increasing literature shows  that animal  and  plant
mernbranes  contain  such  membrane  intrinsic proteins (MIP)
that  form water  specific  pores. It has been shown  that their

expression  can  be related to developmental stages  or to

   Abbreviations: BSA,  bovine serum  albumin;  Lp,  hydraulic

conduetivity;  PCMB,  para-chloromercurybenzoate; Pd, diffu-
sional  permeability; PIP,  plasma membrane  intrinsic protein; P..,
osmotic  permeability; PVP,  polyvinylpyrrolidone; TIP,  tonoplast

intrinsic protein; VU, molar  volume  of  water,
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specific tissues (Johnson et al. 1989, H6fte et al, 1992,

Kammerloher  et al. 1994, for review,  see Maurel 1997),
Inyolvement  of  aquaporins  has been demonstrated in
response  to water  stress  (Yamaguchi-Shinozaki et al. 1992),

They also act  in processes such  as cell elongation  or  seed

germination (Ludevid et al. 1992, Kaldenhoff et al. 1995,
Maurel  et  al. 1997).

   In the  present study,  we  investigated osmotic  water

permeability (P.,) in protoplasts originating  from PhcLseo-

tus vuigaris  twining shoots.  Protoplasts were  isolated from
different tissues of  the free-moving part, both in epidermal
and  parenchyma  cells  of  the cenvex  and  concave  sides,

P,, was  also  measured  in cells from the  terminal  part of  the

shoot,  Water permeability measurernents  were  done using

the technique developed by Ramahaleo et al. (1999).
   Experiments were  conducted  with  PhtLseolus vul-

garis L. ``Blanc
 de Juillet'' provided by S.P.G. (Avignon,

France), Plants were  grown from  seed  in containers  fi11ed

with  vermiculite  and  watered  with  nutritive  solution.  Con-
trolled growth  conditions  were  as following: 25± 10C,
40± 5 W  m  

2
 light and  65 ± 5M  relative  humidity (Millet et

al. 1988). Twelve-day  to fourteen-day old  plants were  used

for water  permeability investigations. The revolving  move-

ment  has already  started at this stage  of  development.

   Protoplast isolation-Epidermis of  the free-moving

part of the shoot  was  manually  stripped.  Cell walls  were

enzymatically  removed  by a method  adapted  from Tho-
mine  et  al. (1995). The segments  were  placed in a digestive
solution  of  1.7%  (wlv) cellulase RS  (Yakult Honsha,

Tokyo, Japan), 1,7va (wlv) cellulysin  (Calbiochem, La

Jolla, CA, U.S.A,), O.026glb (wlv) pectolyase Y23  (Seishin
Pharmaceuticals, Tokyo, Japan), O.2glb (wlv) bovine se-
rum  albumin  (BSA), 2mM  CaC12, 2mM  MgC12, 10mM
MES,  O.S mol  kg-' sorbitol.  The  pH  was  adjusted  to 5.5
using  Tris. The segments  were  incubated for 30 minutes  at

room  temperature. Then,  enzymatic  solution  was  removed

and  partially digested epidermal  segments  were  kept in a

stock  solution:  O,4 mol  kg-i sorbitol, O.5nyb polyvinylpyr-
rolidone  (PVP), 2 mM  CaC12, 1O mM  MES  (buffered to pH
5,5 with  Tris). Active cyclosis  and  spherical  shape  were  the

two  criteria chosen  to select protoplasts for swelling  ex-

perlments.

   Swelling experiments-Changes  in protoplast volume
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were  triggered by osmotic  shocks:  protoplasts were  trans-

fered from an  initial solution  (400 mOsm  kg-i) to an  hypo-

osmotic  solution  (200 mOsm  kg 
i),

 Swelling experiments

were  performed  and  volume  changes  were  recorded  as  de-
scribed  by Ramahaleo et al, {1999). Briefiy summarized,  a

micropipette  driven by a micromanipulator  (Narishige Co,,
Tokyo,  Japan) was  used  to catch  and  to transfer  one  single

protoplast from  the  initial solution  (1oo mM  KCI, 1 mM
CaC12, 2rnM  MgC12, 10mM  Tris, O.05orb BSA,  with  a

sorbitol  concentration  adjusted  to give a  final osmolality  of

400 mOsm  kg-i and  pH  adjusted  to 7.2 using  MES)  to the

hypo-osmotic  solution  (the same  as  above  without sor-

bitol). Osmolalities of  the initial solution  and  the hypo-
osmotic  solution  were  checked  using  a Wescor  5500 (Lo-
gan, UT, U,S.A,) vapor  pressure osmometer.  Transfer was
accomplished  in a few seconds  by a  translation of  the mi-

croscope  slide and  changes  in protoplast diameter were  re-

corded  using  a camera  and  a  video  tape recorder  (Fig, 1),

    Osmoticpermeability (ZP.Y measurements-The  proto-

plast diameter was  measured  on  a video  monitor  at 40 ms
to 10s  intervals, depending on  the  values  of  the  osrnotic

water  permeability. The cell volume  V  was  calculated  as-

suming  that the part of  the protoplasts outside  the pipette
was  spherical, as described in Ramahaleo et al, (1999). As
a  negative  pressure was  applied  to the micropipette  (100-
150Pa), protoplasts were  sometimes  sucked  into the

pipette and  slight deformations may  occur  (Fig, 1). The

corresponding  volume  was  taken into account  in the cal-

culation,  Micropipette tips were  cylindrical  and  their in-
ternal diameter was  measured  before investigations.
Protoplast volume  was  estirnated  by the following expres-

sion:

V=1xD3+n
× d2× L+n × d]

6 4 24-v(D)

where  D  was  the protoplast external  diameter, d the

micropipette  internal diameter and  L the length of  proto-
plast intrusion into the pipette, D, L  and  d were  directly
measured  on  video  screen,  v(D)  is the small  volume  at  the

tip of  the pipette (Fig. 1), In our  conditions,  v(D)  variations

were  negligible  during the measurements  (Ramahaleo et al,

1999).

   The changes  in relative volume  with  time were  firted to

a  linear equation  to obtain  the initial rate  of  swelling,  d(Vf
Vo)!dt. This value  was  used  to calculate  the osmotic  water

permeability, P,, (ptm s 
i)
 using  the following formula:

Pos--Vo
 × [d(YIVo)fdt]

SoX V.× (OSMI- OSM2)

with  Vo, So: initial volume  and  surface  of  the protoplast;
V.,: molar  volume  of  water  (V. =.-  18,10-6 m3  mol-i);  Osmi,

Osm2: osmolalities  in the initial solution  (400 mOsm  kg  
i)

and  in the hypo-osmotic solution  (200 mOsm  kg ').

   On  a  methodological  point of  view,  validity  and  ac-

curacy  of  P.,, measurements  have been  discussed in details

by Ramahaleo et al. (1999). Only large variations  (at least
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Fig. 1 Schematie representation  of  the experimental  set up  used  to measure  osmotic  water  permeability (P.,) in bean shoot  protoplast.
A, microscope  slide; B, video  monitor;  C, video-tape  recorder;  D, micropipette  holder and  manometer;  E, micromanipulator;  F,
micrepipette;  G, protoplast; H, microscope;  I, yideo  camera;  1, initial solution;  2, hypo-osmotic solution.  Inset: parameters  measured

to  calculate  the  protoplast yolume,  D, protoplast diameter; d, micropipette  internal diameter; L, length of  the protoplast intrusion into
the pipette; v(D),  protoplast volume  at  the tip of  the pipette, (after Ramahaleo et al, 1999).
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Table 1 Osmotic  water  permeability (P.,,
toplasts  originating  from various  tissuesptms

 
')
 and  initial diameter (um) of  pro-

Origin of  shoot  protoplasts n
  D  (um)
(rnean± SD)Pes

 Cum s-i)
  median

Bending  zone  epidermis

Terminal  part epidermis

Bending zone  parenchyma

Concave  part epidermis  and  parenchyma

Convex part epidermis  and  parenchyma

n,  number  of measurements.

29831283223.5± 4,O

22.5± 25

27,5± 4.0

255 ± 5.0

25.0± 4.0

4036624651

a  50%  change  in P,,) have been  taken into account  for

physiological interpretation.

    Osmotic permeability (IP.Y in bean cells-The  diam-
eters of the protoplasts used  in our  experiments  ranged

between 18,5 and  35,5 gm  in the  initial solution  (400 mOsm
kg 

i),
 These variations  in protoplast diameter were  related

to in situ variations  in cell size. Table 1 gives the  initial
diameter (mean± SD) and  P., medians  for protoplasts
originating  from various  twining shoot  tissues. The  mean

diameter of  the protoplasts obtained  from epidermal  strips

taken  from  the bending zone  was  23,5± 4,Optm (n=29),
After an  osmotic  shock  from 400  to 200 mOsm  kg  

',
 P.,

values  of  these  protoplasts ranged  between 5 and  300 "m
s-i, the median  P.  value  being 40 ptm s '

 (Table 1). Pro-
toplasts isolated from terminal part epidermis  had initial
diameter (22.5± 2,5um) and  P., values  (median=36um
s 

i)
 very  closed  to those measured  in bending zone  epi-

dermis,

   In the  literature, there  are  only  few results  dealing with
P,, measurements  in epidermis  and  available  data were
obtained  using  different methods:  pressure probe in Elodea
densa leaf epidermis  (19± 3"m  s-',  Steudle et al. 1982)

and  in Pisum  sativum  epicotyl  epidermis  (3-30ptms-',
Cosgrove and  Steudle 1981), and  deplasmolysis in Allium
cepa  bulb inner epidermis  (6--8ums-i, Url 1971), By
comparison,  P., values  in bean  cells,  displayed a  high

variability.  This P., variability did not  originate  from
differences frorn shoot-to-shoot  differences because similar
dispersions were  obtained  from protoplasts originating

from a single  shoot.  Such  a  dispersion in P.  values  was

also  found in protoplasts from root  cells  (Ramahaleo et  al.

1999). As  suggested  by  these  authors,  it may  correspond  to

dilferences in aquaporin  expression  or activity. Most  of the

epidermal  protoplasts (90va) exhibited  osmotic  water  per-
meabilities  lower than  1OO urn s-i (Fig. 2) as reported  in all

other  studied  plant materials.  Furthermore,  it appeared
that P., measured  in bean cells  were  not  dependent on  the

protoplast diameter.

   As  several  authors  reported  tissue-specific expression

of  aquaporins  (Melroy and  Herman  1991, Opperman  et al,

1994, Hollenbach and  Dietz 1995, Yamada  et al, 1995), we

investigated P., in parenchyma cells  of  PhcLseolus vuigaris

twining shoots,  In the bending zone  parenchyma,  P.,
was  measured  in 31 protoplasts (mean diameter± SD,
27.5± 4.0 ptm). The  median  IZ,, value  was  62 pam s 

i
 (Table

1). Thus, parenchyma  exhibited  higher P., values  than  ep-

idermis: 39%  of  measured  P., were  higher than 100um

$ 
i
 (Fig. 2). A  similar  pattern in P.. values  had  been found

in growing  pea epicotyl  from osmotic  Lp (hydraulic con-

ductivity) measurements  (Cosgrove and  Steudle 1981):

Lp=O.2 to 2.10-6 cm  s-' bar-i in epidermis and  Lp=O.4
to 9.10-S cm  s-i  bar-i in cortex,  so  P.,=3  to 30 "m  s 

i
 in

epiderrnis  and  P..=50 to 1,200ums 
i
 in cortex.  Even if

the threshold between ``high''
 and  

``low"
 P,, values  is

diMcult to estimate  (Chrispeels and  Agre  1994, Haines

1994), P., values  lower than  100 "m  s-i  are  usually  associ-

ated  with  diffusional permeability (Pdi whereas  values

higher than  100 um  s"i  are  considered  to argue  for water

channel  activity. Thus, we  think that a gTeater number  of

bean parenchyma  cells had functional aquaporins  while

most  epidermal  cells  would  not  display water  channel  ac-

tivity.

"assiv8pt
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o1520

 25 30 35
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Fig. 2 Distribution of  P., values  for epidermis  (O) and  paren-
chyma  (e) protoplasts from bending zone  of  Phaseotus shoot
yersus  protoplast initial diameter.
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Fig. 3 Histogram for P., values  measured  in protoplasts
originating  from convex  (D) or  concave  (-) part of  the  twining

shoot,  A  logarithmic scale  was  used  for the  P., axis.  n,  number  of

protoplast in each  class,

   Permeability differences between cells originating

from concave  and  convex  part of  the twining shoot  were

also  investigated, Measurements  were  conducted  on  pro-

toplasts  originating  frorn epidermis  and  underlying  tissue.

Tissues sampled  from the concave  part of the shoot  did not

display any  significant  difference in P., compared  to those

originating  from the convex  part (Fig.3). Protoplasts

originating  from the concave  side had a mean  diameter
ranged  from 19.0 to 37.5"m (2S.S± 5"m,  n=28)  and

P., ranged  from  5 to 300 "m  s-i (median=46 ptm s' 
i).

 Di-

ameters  of  protoplasts originating  from the convex  side

were  between 18.5 and  31,Optm (25,O± 4ptm) and  these

cells had P., values  in the range  of  6 to 380 ptm s 
i
 (medi-

an  r=  51 ptm s 
i),

   The  question of  the physiological significance  of  P.,
differences in bean cells has to be addressed.  A  main

question to be answered  is whether  high P., values  meas-

ured  in some  protoplasts really refiect aquaporin  presence.

Existence of  a  facilitated water  transport  through  water

channels  is the most  tempting  hypothesis to explain  values

higher than 100"ms-i, Mercury ion experiments  would

have partially answered  the question. This ion was  usually

used  to inhibit water  channel  activity  in XOnopus  oocytes

expressing  heterologous aquaporins  (Preston et al. 1992,

Maurel  et  al. 1993) and  in plant  cells (Henzler and  Steudle
1995, Maggio  and  Joly 1995, Carvajal et al, 1996, Tazawa

et al. 1996, Ramahaleo  et  al, 1999), Thus, we  studied

the effects of  HgC12 50 ptM  and  10ptM.  When  protoplasts

originating  from parenchyma  were  incubated with  50 uM
HgC12,  cyclosis  was  stopped  and  protoplasts were  too

fragile for manipulation,  At  10 ptM, mercury  ion had  no

effect on  cyclosis and  water  permeability was  unchanged,

P,, was  also measured  in the presence of  the  sulfhydryl

reagent  para-chloromercurybenzoate (PCMB) at 1mM.

This compound  displayed no  effect on  cyclosis  and  P.,.

With PCMB,  some  protoplasts still had P,, values  higher
than 100 ptm s' 

i.
 Ramahaleo et al. (1999) obtained  similar

results  using  rape  root  protoplasts, Thus, HgC12  and

PCMB  experiments  did not  bring additionnal  eyidence  that

high P., values  measured  in parenchyma  protoplasts cor-

respond  to the presence of  aquaporins  in the cell mem-

brane, This result is not  completely  surprising  since  mer-

cury  insensitive plasma membrane  aquaporins  (RD28) have
been recognized  {Daniels et  al. 1994).

    An  other  question to be answered  is whether  the lack
of water  channel  activity observed  in numerous  cells  of

twining  shoot  epidermis  and  parenchyma  is consecutive  to

aquaporin  absence  or  to a  lack of  activity of  expressed

water  channels,  Maurel et al, (1995) and  Johansson  et al,

(1998) have recently  shown  that water  channel  activity  can

be reguiated  by phosphorylation in plants as in animals

(Kuwahara et  al, 1995). It is now  clear that other  tonoplast

intrinsic proteins (TIP) and  plasma  membrane  intrinsic

proteins (PIP) have phosphorylation sites  but their in-
yolyement  in regulating  water  channel  activities  is still

unknown.  The  abundance  and/or  the activity of  aquapo-

rins can  be used  by plants to regulate  water  flow, Interest-
ingly, bean epidermal  cells present high plasmodesmata
density compared  to underlying  cells (Millet et  al, 1988).

Aquaporins  would  be one  of  the main  pathways  for water

flow in parenchyma  whereas  plasmodesmata  play this role
in epidermal  cells. It is now  assumed  that aquaporins  are

involved in plant cell turgor and  volume  regulation  (Maurel
et  al. 1995, 1997). However,  turgor variations  are not  the

only  mechanisms  involved in bean movement.  We  have
recently  shown  that revolving  movement  mechanism  was

strongly  related  to partly reversible variations  in cell  length

(Care et  al. 1998), The revoiving  movement  is markedly
dependent on  high growth  rate  in bean (Millet et al. 1988)

but also  in other  species  (Claire 1974, Melin 1975). In-
terestingly, water  channel  and  active growth  may  be asso-

ciated as  reported  in the elongating  cells of  Arabidqpsis
root  and  epicotyl  where  the plasma  membrane  aquaporin

PIPIb was  preferentially expressed  (Kaldenhoff et al,

 1995). Although we  could  not  correlate  a variation  in P.,

 with  a  concave/convex  origin  of the protoplasts, our

 results  suggest  that cell-to-cell water  transport in epidermis

 mostly  occurs  by plasmodesmata whereas  water  channels

 would  facilitate water  movement  in the underlying  tissues:

 water  fluxes required  by active  growth-from  xylem  vessels

 to growing  cells-would  preferentially occur  through
       '
 aquaporms,

NII-Electronic  



The Japanese Society of Plant Physiologists

NII-Electronic Library Service

TheJapaneseSociety  of  Plant  Physiologists

118 Water permeabilityandrevolving movement

    We  are  yery  grateful to Jean-Paul Lassalles (University of

Rouen, France) for his help in conducting  experiments  and  for
critical  reading  of  a  first draft of  this manuscript,

                       Referenees

 Badot, P.M.  {1987) Approche  cellulaire  du  mecanisrne  du mouvement

  revolutif  des tiges volubiles.  Etude de quelques pararnetres  physico-chi-
  miqlles.  Ann.  Sci. Uitiv, Besancon, Biol. Veg. 7: 53-110,

 Badot, P.M., Melin, D. and  Garrec, J.P. (1990) Circumnutation in

  Phaseolus vutgaris,  II, Potassium content  in the  free-moving part of  the

  shoot.  Plant Piu,siol. Biochem. 28: 123-130,
Care, A.F., Nefed"ev L,, Bonnet, B,, Millet, B. and  Baclot, P.M.  (1998)
  Cell elongation  and  revolving  movement  in Phaseolus vuigaris  L. twin-

  ing shoots.  Piant Celi Physiol. 39: 914-921.
Carvajal, M., Cooke, D.T, and  Clarkson, D.T. <1996) responses  of wheat

  plants to nutrients  deprivation may  involve the  regulation  of  water-

  channel  function. Planta 199: 372-3Sl,
Chrispeels, M.J. and  Agre, P. (1994) Aquaporins: water  channel  proteins
  of  plant and  animal  cells, 71BS  19: 421-425,
Claire, A. (1974) Relation reciproque  entre  la croissance  et  le mouvement

  revolutif  des tiges volubiles  chez  lpomoeapurpurea, PhysioL Vag.  12:
  327-373.

Cosgrove, D. and  Steudle, E, (1981) Water  relations  of  growing pea epi-

  cotyl segments.  Pianta 153: 343-35e.
Daniels, M.J., Mirkow,  T.E. and  Chrispeels, M.J. (1994) The  plasma

  membrane  of  Arabidopsis thaUana contains  a  mercury-insensitive

  aquaporin  that is homolog  of  the  tonoplast  intrinsic protein TIP. Ptant
  Physiol. 106:132S-1333,
Haines, T.H.  (1994) Water  transport across  biological membranes.  FEBS
  Lett. 346: 115-122,
Henz]er, T. and  Steudle, E. <1995) Reversible closing  of  water  channels  in

  Chara internodes provides  evidence  fer composite  transport  model  of

  the  plasma  membrane,  J. E]4p. Bot. 46: 199-209.
H6fte, H., Hubbard,  L., Reizer, J., Ludevid, D., Herman,  E.R. and

  Chrispeels,M.J.(1992)Vegetativeandseed-specificformsofatonoplast

  intrinsic protein in the vacuolar  membrane  of  Arabidopsis thaliana,

  Plant PhysioL 99: 561-570,
Hollenbach, B. and  Dietz, K.J. (1995) Molecular elening  ef  emip,  a

  member  of  the Major  Intrinsic Protein (MIP) fami]y, preferentially ex-

  pressed in epidermal  cells of  barley leaves. Bot. Acta  108: 425-431.
Johansson, I., Karlsson, M., Shukta, V.K., Chrispeels, M.J., Larsson, C.

  and  Kjellbom, P. (1998) Water  transport  activity  of  the ptasma rnem-

  brane aquaporin  PM28A  is regulated  by phosphorylation. Plant Cetl 1O:
  451-459.

Johnson, K.D., Herman,  E.M.  and  Chrispeels, M.J. (1989) An  abundant,

  highly conserved  tonoplast  protein in seeds. Plant PhysioL 91: 1006-
  1013.Kaldenhoff,

 R., K611ing, A., Meyers, J,, Karmann.  U., Ruppel, G, and
  Richter, G. (1995) The  blue light-responsive AthA2  gene of  A  rabidopsis

  thaliana is primarily expressed  in expanding  as well  in differentiating

  cells and  encodes  a plltative channel  protein of  the plasrnalemma, Plant
  X  7: 87-95.

Kammerleher,  W.,  Fischer, U., Piechottka, G.P. and  Schtiffner, A,R.
  (1994} Water  challnels  in the  plant plasma  membrane  cloned  by  im-

  munoselection  from a mammalian  expression  system.  Ptant J. 6: IS7-
  199.Kuwahara,

 M., Fushimi, K,, Terada, Y., Bai, L., Marurno, F. anci Sasaki,

  S. (1995) cAMP-dependent  phosphorylation stimulates  water  permea-
  bility of  aquaporin-collecting  duct water  ehannel  protein expressed  in
  Jfenopus oocytes.  J. Biol. Chem.  270: 10384-10387.

 Ludevid, D., H6fte, H., Himelblau, E. and  Chrispeels, M.J. (1992) The

  expression  pattern  of  the  tonoplast  intrinsic protein y-TIP in Arabi-
  dopsis thaliana  is correlated  with  cell enlargement.  Plant Ph]sioL 100:
  1633-1639.

Maggio.  A. and  Joly, R,J. (1995) Effects of  mercuric  chloride  on  :he

  hydraulic conductivity  of  tomato  root  systems:  eyidence  feT a channel-

  mediated  pathway. Ptant Ph)tsioL r09: 331-335.
Maurel, C, <1997) Aquaporins and  water  permeability of  plant  mem-

  branes. Annu.  Rev. Plant PhysioL PIant Mbl. BioL 48: 399-429.
Maurel, C., Chrispeels, M.J,, Lurin, C., Tacnet, F., Geelen, D., Ripoche,

  P. ancl Gllern, J. (1997) Function and  regulation  of  seed  aquaporins.  J.

  Exp. Bot. 48: 421-430.
Maurel, C., Kado, R,T., Guern, J, and  Chrispeels, M.J. (1995) Phos-
  phorylation regulates  the water  channel  activity of  the  seed-specific

  aquaporin  a-TIP.  EMBO  J. 14: 3028-3035,
Maurel, C., Reizer, J., Schroeder, J.I. and  Chrispee]s, M.J.  (1993} The
  vacuolar  membrane  pretein 7-TIP creates  water  specific  channels  in
  Xenopus oocytes.  EMBO  J. 12: 2241-2247.
Melin, D. (1975) Croissance et mouvement  revolutif  des tiges de Periploea

  graeca L, Z, RtZ7nepiu,siol. 76: 384-399.
Melroy, D.L. and  Herman,  E.M.  (199l) TIP, an  integral membrane  pro-

  tein of  the protein-storage vacuoles  of  the  soybean  cotyledon  unclergoes

  developmenta]tyregulatedmembraneaecumulationalldremoval.Planta
  184:113.122,
Millet,B.,Melin,D.andBadot,P.M.(1988}CircumnutatieninPhaseotus

  vuigarts  L, I, Growth,  osmotic  potential and  cell  ultrastructure  in the

  free-moving part of  the shoot.  PhysioL Plant, 72: 133-138.
Opperman,  C.H., Taylor, C.G. and  Conkling, M.A.  (1994) Root-knet
  nematode-directed  expression  of  a  plant root-specific gene, Science 263:
  221-223.

Presten, G,M.,  Carroll, T.P,, Guggino, W.B.  and  Agre, P. (1992) Ap-

  pearanee of  water  channels  in Xenopus  oocytes  expressing  red cell

  CHIP28 proteins. Science 2S6: 385-387.
Ramahaleo, T., Morillon, R., Alexandre, J. and  Lassalles, J.P, (1999}
  Osmotic  water  permeabi]ity of  isolated pretoplasts. Modifications dur-

  ing deveropment. Plant Physiot. 119: 885-S96,
Steudle, E., Zimmermann,  U. and  Zillikens, J. (1982) Effect of  cell  turgor

  on  hydraulic conductiyity  and  elastic modulus  of  Etodea  leaf cells.
  Ptanta 154: 371-380.
Tazawa,  M.,  Asai, K, and  Iwasaki, N. (1996) Characteristics of  Hg-  and

  Zn-sensitive water  channels  in plasma membrane  of  Chara cells.  Bot.
  Acta 109: 38S-396.
Thomine,  S., Zimmermann,  S., Guern, J. and  Barbier-Brygeo, H, (199S)
  ATP-dependent  regulation  of  an  anion  channel  at  the  plasma  membrane

  of  proteplasts from epidermal  cells  of  Arabidopsis hypocotyls. Piant
  deil 7: 2091-2100.
Url, W,G.  (1971) The  site of  penetration resistance  to water  in plant pro-
  toplasts. Protoplasma 72/ 427-447.
Yamada,  S,, Katsuhara, M., Ketty, W.B., Michalowski, C.B. and  Boh-

  nert, H.J. (1995) A  family of  transcripts  encoding  water  channel  pTo-
  teins: tissue-specific expression  in the common  ice plat. Piant Cell 7:
  1129-1142.

Yamaguchi-Shinozaki, K., Koizumi, M., Urao, S. and  Shinozaki, K.

  (1992)Molecularcloningandcharacterizationof9cDNAsforgenesthat
 are responsive  to dessiccation in Arabidopsis thatiana: sequence  analysis

 of  ene  eDNA  that  encodes  a  putative transrnembrane channel  protein.
 Plant CeU  PIu,sioL 33: 217-224.

         (Received April 12, 1999; Accepted  October 21, 1999)

NII-Electronic  


