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Determination of solute refiection coefficients in kidney
brush-border membrane vesicles by light scattering:
influence of the refractive index
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in rat kidney brush-border membrane vesicles by two different approaches using itol, a poorly p
as reference. (1) The refractive index of the hyp ic NaCl ion was adjusted to that of itol by addition of
mlnﬂm(uﬂw»m:sgﬂ"mm-m Thereby the change in scattered light
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from the lifetime of vesicle shrinkage which is not refractive index-dependent. Again o, Was not different from one.
These results suggest that the water proteic pathways found in the laminal membrane of proximal tubules are not shared
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by saits.

The reflection coefficient ¢ of a solute for a given
membrane is an index of whether this solute and water
have common pathways and 10 what extent they inter-
act. As defined by Staverman {1} and Kedem and
Katchalsky 2}, a reﬂecn(m coefficient equal to one
h 0<o<1 reveals

P P

ot Iy t 31 2 11 . 3 by
comparison of water ﬂuxs mduwd by different solutes
for a given Loy bility mole-

cules, for which & -samnnedlobeonc,areusedas
reference.

Water in B and cell b
vesicles, are often studied by light i k

With this experi 1 h iously re-
ported o valmofepuhelxalc:llmembﬂmforvanous
salts and solutes were mainly lower than one. In rat
intestine brush-border membrane Van Heeswijk and
Van Os [3] found 6y,q=059 and oyq=064. In
basolateral membrane vesicles from rabbit kidney Verk-
manandlvm[ﬂobtamuio ranging from 0.5 to 1.0

ding on the i dient. Kasai et at. {5] have
evndmceforaaxq between 0.55 and 0.59 in sarco-
plasmic reticulum vesicles. In rat brush-border mem-
brane we also found reflection coefficients for NaCl
and KCI close to 0.55 {6]. However, at similar osmotic

Thevszdesarerapxdlynnxedwnhanhyper or hypo-

ion in a PP the
change in itted or ‘llgh‘ duced 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.

Cormespondence: B. Corman, Sexvice de Biologie Cellulaire, Départe-
ment de Biologie, CEN Saclay, 91191 Gif-sur-Yveite, Cedex, France.

may have different refractive inde-
xes which in turn modify the observed volume depen-
dence of scattered light. In this report we present data
which show how ch in solute do alter
the i ity of d light through vesicle suspen-
sions and the conseguences for reflection coefficient
determinations.
Rat hdney bmdx—border membrane vesicles were
i hods from male
Sprague-Dawley rats wetghmg 280-320 g and sealed in
a buffer containing 50 mM sucrose, 10 mM Tris-Hepes
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GHANGE IN TRANSMITTED LIGHT INTENSITY

=] s Y wl e
- e
2 SanssaToL 22
z3 =
x w
1y @ 0 §§
22 By so
& 5%
w w2
w > L5
T 52
e 8 &
L %] 5
& 2
H
o w w0 o o
OSMOTIC GRADENT
Fig i. @ R ip between refs index and

2

PERCENTAGE OF PVP (%)

, s
T 0 0 £

B REFRACTIVE INDEX x (10%)

of mannitol and NaCl solutions. Mannital (8) or NaCl (@) were added to the

control buffer in order to cbuain a gradient of 50, 100 and 150 mosmol/kg water. At 23°C the control buffer’s refractive index was 1.3355. (b)

of polyvinyl (PVP) on

index of contro} buffer solution. Different amoants of PVP (M, 40000) were added to the

control buffer. (c) Changes in transmitted light inteasity across a vesicle 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.

(pH 7.4) and 0.01% NaN,. The osmotic pressure of this
contsol buffer was close 1o 75 mosmol/kg water and its
refractive index measured at 23°C was 1.3355. The
presence of vesicles at a concentration of 0.2 mg protein
per ml does not change the refractive index of the
bnffasdulion.
Hyp lutions were ob d by addition of
manmtol or Na(l to the oentrol buft‘er. The relauon-
ship b their
mdcxmlheobscwanmchamberarengean, 1a. The
of such ¢k in ive index on traas-
mitted light through the vesicle suspension was studied
in the following way. The refractive index of the control
buifer solution was adjusted to the index of the hyper-
osmouc mannite] and NaCl solutions by addition of
1 lecular weight 40000)
whchbzrdymodzﬁedtheﬁnzlosmoucprssure(ﬁ
1b). Measurements of the I:ransmmed light through
vesicles pended in buffer soh ined the
different amounts of PVP clearly indicated that, inde-
pendently of vwdem,anmeaseof refractive index.

leads to a prop in itted light

intensity (Fig. 1c).

Thiswas firmed by our stopped-flow experi-
whenmngtbevmles ith a hyperosmotic

lution the induced change in itted light, AF,

was smaller with NaCi than with mannitol, as predicted

duced water flux Jy is directly proportional to the rate
constant k of the exp ial curve d the

vesicle shrinkage [7], the reflection coefficient ¢ is equal
to:

__ A (NaCl) & (NaCl)
©7 3. (mannitol) _ k (mannitol)

Inourp ly published light experi-
ments {6}, i of the probe

mannitol, NaCl or KCl) the rate constants of the ex-
P ial fits of the 1 curves were not statis-

— Mannitol
cees NaCl+PVP
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by the difference in refraciive index [6]. ln
when NaCl soluti hed the same refi index
as mannitol by addition of PVP, the kinetics of vesicle
shrinkage were similar for both solutions thus indicating
a reflection coefficient for NaCl close to one (Fig. 2).
Although the refractive index modifies the amplitude
of the change in transmitted light and thereby the initial
slope, it does not interact with the lifetime of vesicle
shrinkage. Since for a given osmotic gradient, the in-

Fig. 2. i of changes in transmitted light
intensity as a function of time. Rat kidney brush-border membrane
vesicles were mixed with iscosmolar amounts of mannito! or NaCl+
PVP. Final osmotic gradient was 150 mosmol/kg water. PVP (M,
40000) was added to NaCt to equalize the refractive index of manni-
tol and NaCl solutions. Under these conditions changes in trans-
mitted light 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 NaClisclose to 1.
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TABLE 1

Kinetic paramesers of cesicle shrinkage

Values are means of four experiments. Rat kidoey brush-border
membrane vesicle suspension was mixed in a stopped-flow apparatus
with a hyperosmotic solution of NaCl or mannitol to reach an osmotic
gradient of 50 mosmel/kg water in the optical cell. The experimental
curves of change in Eight scattering with time were analyzed with a
double-exponeatial fit between 0 and 1 s. Assuming the water flux out
of the vesicles to be propostional to the rate constant of the exponen-
tial k {7}, the reflection coefficient of NaCl was calculaied as:
& = k (NaCl)/k (mansitol), for each component. Although the mean
reflection coefficient for NaCl was not statistically different from 1,
the present data cannot excinded the possibility 0of 0.90 < oy, <1.00.
Al values are means+ S.E

Manaitol NaCl

Life time (ms)

fast component 148320 153209

slow compeneat 784425 780+15
Rate constant k (s~*%)

fast component 488+53 45727

slow component 8903 89102
Reflection coefficient ¢

fast component reference 036+007

slow component reference 098+0084

tically different suggesting that 6. and ogg were
close to one.

These results were confirmed by similar experiments
performed in light scattering, with the same buffer to
wh.xch manaito} or NaCl was added to reach a final

dient of 50 i/kg water. A tempera-
ture controlled Bio-Logic SFM2 stopped-flow appara-
tus was used (7 = 23°C). Three to five runs were stored
and 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-
spond to two populations of different size and compara-
ble permeability or on the contrary to populations of
same size but with different permeabilities. In the ab-
sence of a clear bimodal size distribution of rat kidney
brush-border membrane vesicles {7.8], the two compo-

nents of the exponential were autributed to differences
in vesicle osmotic permeability. Tae corresponding Py
values were 91 £4 pm/s and 500+ 51 pm/s (n=4),
comparable to those found by Van Heeswijk and Van Os
18]. Rate of the ial vesicle
and their comresponding lifetimes are given in Table I.
ThekmcncparamewtsobtamedmthaClwerethc
same as that with itol, indicating that the induced
water fluxes are similar for the two osmotic probes. The
Gnon values calculated from the ratio of the rate con-
stants k of each exp pal were not ity differ-
ent from one.

We conclude from these experiments that refractive
indexes of the hyperosmotic solutions to which the
vesicles are mixed have an influence on scattered light
and thus on the determination of the refl coeffi-
cient. When this phenomenon is taken into account,
and assuming a 0., value of 1, the data indicate
that in the kidney brush-border membrane the reflec-
tion coefficient for NaCl is close to i, suggesting that
the water proteic pathways found in this cell membrane
are not shared by salts.

Part of this work has already been published as an
abstract in Comp. J. Physiol. (1988) 90A, 830.
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