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Determination of solute reflection coefficients in lddney 
brush-border membrane vesicles by light scattering: 

influence of the refractive index 

F. V a n  de r  G o o t ,  P. R i p o c h e  a n d  B. C o r m a n  

(Received 10 oc~3ber 1~5~) 

K ~  Refk :~  c~effi~; ~ o ~ =  ~e~bnme; ~ ~ Refr~:~ ~ Osnu~ pem~e~b~t~. (Rm ~ )  

S e r e  reflection ceeff'~m~s o of ee~ u~mbrane ves~hes ~ ~ p a s c ~  m'e ~ de--mined ~ m ~ ~ 
water fkn~ imlueed by a gnef~u~t e~ the stu~ed so, me a~l t ~ t  e[ a refen~ce ~ m i ~  I ~ t  ~ ~ 
Ho~.ver, ~ ~ ~ ~ v ~  are m ~ l y  r e l a ~  ~o d m ~ e  ~ ~es~e v o ~ e  ~re ziso ~ ~ ~ 
refrae~e in~.x d the ~ me~iam. ~ r d e r e  ~ l~e~es  e~ vesk~e s l a i ~  ia~aee4 by ~ 
so~t~o~s wl~a  hmre ~ e r e ~  refraefive indexes mlg~ lead ~o ma m~er ~ o~e~ ~ ~ e- We ~ e ~  
ta na  kidaey ~ ~ ves~es by t ~  ~ e r e m  a ~ e s  m ~ g  ~ a peody peameam moleenle, 
as refenmce. (l)  The refrm~ive index e~ the hyperesme~ NaCI so~fien was ~ to tha~ of mann i~  bY ~ ~ 
p a ~ , ~  ~ ( ~ .  4eeee~, waha~t a s~g~-=a~ E = ~ s e  ~ e s m e h ~ .  ~ ~ e  c ~ g e  ~ scattered t ~ t  
imens~  imlaee~ by e s m o ~  vesicle sbriakage &ae to g r e / ~  d - ~ O  aml ~ 1  were ~ aml ~ ~ a 

from the ~fe~me d vesle~ ~ wl~eh is ~ refrae~e i n ~ e x ~ -  A~]a  o ~  w~s ~ ~ m ' e n t  fro~ o~e. 
These resalts sagges~ tha~ the wa~er ~ lmthw~s f e u d  in the ~ ~ ~ ~ ~ ~ ~ ~ 

The reflection ooeff~en! o of a solute for a eiven 
me~brm~ is an index of whether this solute and water 
have common pathways and to what extent they inter- 
act. As defined by Staverman [1] and Kedem and 
KatchaLsky {2], a reflection coefficient equal to one 
~ : a t e s  separate pathways whereas 0 < o < 1 reveals 
solute-solvent interacuons, o is generally determined by 
comparison of water fluxes induced by different solutes 
for a g/yen osmotic grad/ent. Low-p.-rmeabitity mole* 
cules, for wIdch o is assmned to be one, are used as 
reference. 

Water mo-,~ents  in liposomes and cell membrane 
vesicles, are often studied by llght scattering techniques. 
The ves/c~s are rap/dly mixed with an hyper- or hypo- 
o ~ o t i c  solu~on in a stopped-flow apparatus; the 
change in tr~n~mltted or scattered light induced by 
swelling or shrinkage of the vesicles is monitored with 
time. Water flux is calculated from fits of the experi- 
mental curves and from the vesicle size. 

¢ ~ :  e. ¢ o m ~  Sm~ce de e~og/e CeUuh/r~ D~pane- 
merit de B~g/e., CEN Sac~y. 91191 Gif-s~-Yveue.. ~ France- 

With fltis exper/memal approa~a, the prod_ously re- 
ported o values of e~the]/al cell membranes for various 
salts and solutes were mainly lower than one- In rat 
intesfim~ brush-border membrane Van Heeswijk and 
VanOs [3] found 0~a=0-59 and oKa=0.64. In 
baso]ateral membrane ves/cles from rabbit kidney Verk- 
man and Ives [4] obtained o~a ranging from 0.5 to 1.0 
de3~nding on the imposed grad/ent Kasai et aL [5] have 
evidence for a ~KCl b e ~ e n  0.55 and 0.59 in sarco- 
plasmic re~culum vesicles. In rat brush-border mem- 
brane we also found reflection coefficients for NaCI 
and KC] dose to 0-55 [6]. How~"~=~r, at .~milar o ~  
grad/ents, so]ufions may have different refractive inde- 
xes w~ieh in turn modify the observed volume depen- 
dence of scattered light. In this report we present dnla 
which show how changes in solute composition do alter 
the intensity of trnn~mitted light ~-ough vesicle suspen- 
sions and the consequences for reflection coefficient 
determinations. 

Rat kidney brush-border membrane vesicles were 
prepared by cal~um precipitation methods from male 
Sprague*DawLey rats weighing 280-320 g and sealed in 
a buffer conlain/n_g 50 mM sucrose, 10 n ~ l  Tfis-Hepes 
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OS~OTIC ~ T  PERCENTAGE (~: PVP (%) ~, REFRACTIVE INDEX , (1~) 

Fig. L (a) Rehlional~ belween ~ index ~nd ommtalities of mannitol and NaCI solutions. Mannitnl (z~) or NaG (11) were added to the 
bef~er in order to obta/n a gradient of 50,100 and 150 mosmol/kg water. At 23 ° C the control buffer's refra,..'fiee index ~,'e.s 1.3355. (b) 

1~fluenee of p0]yvinyi p~ro~oee (Pl/P) on refr',mlive index of comrol buffer solution. Different amounts of PVP (M. 40000) were added to the 
~t ro~ btd'fer. (c) ~ m UammiRed light mtenslty across a ves/cle suspension as a function of refractive index. Different amounts of PVP 

were added to modify the refractive index of the solution with minimal alteration in osmolality. 

( p H  7.4) and 0.01% N a N  3. "][1t¢ osmotic pressure of  this 
control buffer was close to 75 m u s m o l / k g  water  and its 
refractive index measured a t  2 3 ° C  was 1.3355. The  
presence of  ves/cles at  a concentration of  0.2 mg  protein 
per  nd does not change the refractive index of  the 
buffer solution. 

Hyperosmotic  solut/ons were obtained by addition of  
ynnnnltol Or NaC] to L]1¢ control bttffer. The  relation- 
ship between flu~/r respective osmolality and refractive 
index in the observation chamber  are  given Fig. la_ The  
influence of  such changes in refractive index on tmas-  
mitred light through the vesicle suspension was studied 
in the following way. The  refractive index of  the control 
buffer solution was adjusted to the index of  the hyper- 
osmotic mannitol  and  NaCi  solutions by  addition of  
polyvinyl-pyrrolidone 0PVP) (molecular wright  40000) 
which barely m o d r e d  the final osmotic pressure (F/g. 
lb) .  Measurements of  the tran~'nitted l ight through 
vesicles suspended in buffer solutions contained the 
different amounts  o f  PVP c!eady indicated that, inde- 
pendently of  vesicle size, an  increase of  refractive index 
leads to a proportional increase in transmitted light 
in~ms/ty (Fig. lc).  

This was confirmed by  our  stopped-flow experi- 
ments:  when mixing the vesicles ¢,ith a hyperusmotic 
solution the induced change in trans~tted light, AL 
was smaller with NaC] than with mannltol,  as predicted 
by  the d l f f e r en~  in r e f r a ~ v e  index [6]. In  contrast, 

when NaCI  solutions rcaebed the same refractive index 
as mann/tot  by addition of  PVP, the kinetics of  vesicle 
shrinkage were similar fOr both solutions thus ind/cating 
a reflection c o e f ~ t  for NaC! close to one (Fig. 2). 

ARhough the refractive index modifies tee  ampl/ tude 
of  the change in transmitted light and O~reby the initial 
slope, it does not  interact with the lifetime of  vesicle 
shrinkage. Since for a given osmotic grad/ent, the in- 

duced water  flux J v  is directly proportional to the rate 
constant k of the exponential curve describing the 
vesicle shrinkage [7], the reflection coefficient o is equal 
to: 

J~ (NaC1) k (NaC|) 
o J. (mannitol) k (manni'~ol) 

In our  previously published l ight transmission experi- 
ments [6], irrespective o f  the osmotic probe (sucrose, 
mannitol ,  NaC[ or  KCI)  the rate constants o f  the ex- 
ponemial  fits of  the experimental curves were not starts- 
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Fig. 2. Representative experiment of changes in transmitted light 
intensity as a function of time. Rat kidney brush-border membrane 
vesicles were mixed with isoosmolar amounts of marmitol or NaCI+ 
PVP. F'mal osmotic gradient was 150 mosmol/kg water. PVP (M, 
40000) was added to NaG to equalize the refractive index of maoni- 
tol and NaCI solutions. Under thec, e conditions changes in trans- 
mired fight intensity were similar whatever the osmotic probe. As- 
suming a reflection coefficient of 1 for the poorly permeant molecule 
mannitoL the similarity of the two kinetics of vesicle shrinkage 
suggests that the reflection coefficient of kidney brush-border mem- 

brane for NaCI is close to 1. 
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TABLE I 

Values are me~as of four ext~'Lme~L~ Rat kidm-y brudvbmde* 
membrane ve~qe s ~ t ~  was mgxed ha a s ~ o t ~ n o w  a p t ~ s  
~ith a hy~mxmm~ic sol,riga of N~L'] or mamfitot to t-each ma o~m~th: 
g r ~ e m  of 50 mosre~/kg w;~'r/n the optical cell " l~  e~er/m~ta~ 
cor~s of chaage h ~ scaz~e:~g ~ th  thne ~-ere an~lyzed ~ h  a 
doub~-ex~meafi~ fi~ bemeen 0 and I s. A.~umng the wa~r flux ~zt 
of tt~ vesicles to be ~ ' t i o ~ i  to dm tare constam of the e~qxnm~- 
tial k [7], the reflection coeff~amt of NaCI was ca~mlm~ as= 
o = k (NaC~)/k {mmmito]}, for ~ ~ L  A l t ~ g h  th~ me~m 
reflectkm ,:oeffu:i~mt for NaC] was ~ statG-tically different from 1, 
t ~  pre~em data c~mu:~t e~u_-tmted tb, e l~-*,~fibility of 0.90 < ot~c~ < L60- 
AB va]tms ate mea~s4-S.E. 

Mamfit~ NaCl 

Life time (ms) 
f~l  ~ t  14.8 + 2.0 15.3 4- 0.9 
s~w component 78.4_~ ~ 78.0+ 1.5 

Rate colxstant k (s - t  ) 
f~l  ~ I  48.84- 5.3 45.7 4- 2.7 
s~ow com~c~e~t 8.9_+0-3 8.9_+0.2 

Ref~-'t~on c~'ficiem o 
fast ommpommt reference 0.96 _+ 0.if7 
d ~  ~ t  refem~e 0.98 4- 0.04 

dcally different  suggest ing that  oN,ca and Oxc ~ were 
c |ose to o~e. 

These  results were com-umed by  similar  exper iments  

per formed in light seattering, with the same buffer  to 

which mannitol  o r  N a C l  was  added to reach a final 

osmotic  gradient  o f  50 m o s m o | / k g  water.  A tempera-  

ture conU'o]h~d Bio-Lo~c  SFM2 stopped-flow appara-  
tus was used ( T =  23°C). Three to five runs were stored 
nnd averaged in each series. The  experimental  curves 

were best fitted by  a double-exponential  function. The  

presence of  a fast and  a slow component  could corre- 

s ~ m d  to two populat ions of  different  size and  compara-  

ble permeab~lhy or  on the contrary  to populat ions of  

s ame  size but  with d / f ferem permeabHifies. In  the ab- 
sence of  a clear b/modal  size distr ibution of  rat  lddney 

brash-border  membrane  ves/cies [7,8], the two compo-  

nents o f  the exponenl~al were at t r ibuted to differences 
in vesicle osmod¢ p e r m e a b ~ t y .  The  corresponding Pf 

values were 91 _+4 ;~m/s  and  ~ 0 _ +  51 ~ tm/ s  (n  = 4 ) ,  
comparable  to  those found by  Van Heeswijk and  Van  Os  
[8]. Ra te  co '~ tan t s  o f  the exponential  vesicle shr inkage 

and ~ c o r r e s p o n c ~ g  l/retirees are  g/yen in Table  L 
The  kinetic parameters  obta ined w/th N a C I  were the 

as  t~Eh~t With r r m n n i ~ ,  L ' l l ~ U n g  that  the induced 

water  fluxes are  .,fim;|nr for the two O ~ f i C  probes.  T h e  
o ~ . ~  values c a ! e n h ~  f rom the rat io  o f  the rate  con- 
stants  k o f  eiu:h exponential  were not  statistically differ- 
ent  f rom one. 

W e  ¢om~mle f rom these exper iments  that  refract ive 

h~lexes o f  the hyperosmotic  solutions to wh/ch the 

v ~ c | e s  ~ mixed  have an  influence on  scattered I/ght 

and thv.s on  the determinat ion o f  the reflection coeffi-  

cienL When  this phenomenon  is taken into ac*aunL 
and assuming  a o , , ~  value of  1, the da ta  indicate 
that  in the kidimy brash-border  m e m b r a n e  the reflec- 

tion coefficient for N a C I  is close to i ,  suggest ing that  

the water  proteic pa lhways  found in this cell m e m b r a n e  

are not  shared by  salts. 

Par t  o f  ~ / s  work  has  ah 'eady been published as  an 

abstract  in Comp.  J .  Phys/oL (1988) 90A, 830. 
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