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Theoreticat expression for the rate of decay of ApH across vesicular duc to carri d jon transports, 1 /7, has
been modificd taking note of carrier states (such as mon ™ and mon-H-M*) for wkich the translocation rate constants in the
membrane are small. The rates of ApH decay due to monensin-mediated H* and M transports (M* = Na*, K*, Li*) observed
in our c,xp.nm«m\ in the pH r‘mgc 6-8, .md M*] range 50-250 mM at 25°C have been ed with the help of this

{s ApH across t hoiipid vesicular were created by temperature jump in our experiments. The
following could be inferred from our studics. (a) At low pH (~ 6) 1/7 in a medium of Na*' is greater than that in a medium of
K*. In contrast with this. at higher pH (~7.5) 1/7 is greater in a medivm of K*. Such contradictory obscrvations could be
understood with the help of our equation and the parameters determined in this work. The relative concentrations of the
rate-limiting species (mon-H, mon-K, and mon-Li at Ph ~ 7 in vesicle solutions having Na*, K* and Li*, respectively) can
explain such behaviours. (b) The proton dissociation constant Ky for mon-H in the lipid medium (pK, ~ 6.55) is larger than the
reported K in methanol. (¢) The concentrations of mon~ and mon-1-Na* arc not ngligible under the conditions of our
experiments. The latter specics cause a [Na ' -dependent inhibition of jon transports. {d) The relative magnitudes of metal ion
dissociation constants Ky (~ 005 M) for mon-H-Na' and K, (~0.02 M) for mon-Na suggest that the carboxyl group
involved in the protonation may not be dorainaatly involved in the mete] jon complexation. (¢) The estimates of Ky (~003 M
for Na*, 0.5 M for K* and 2.2 M for Li*) follow the ionophore selectivity order. () The rate constants ky and &, for the
translocations of mon-H and mon-M (M* = Na*, K* and Li*) are similar in magnitude (~ 9+ 10* s~*) and arc higher than that
for nig-H and nig-M (~ 6 10" s ') which cun be cxpected from the relative wolecuiar sizes of the ion carviers.

Introduction nigericin-mediated ion ports in detail (4], Mon-
ensin-mediated Na* transport has been the subject of

Ton trdnspnrl across mtmhrdncs is of fundamental
importance in several biol | processes. Liposomes
can be conveniently used as modcl membrane systems
in the study of jon transpon. In liposomes the passive

study by several groups [5-10]. In the simple mecha-
nism of ion transport by monensin (Fig. 1), H* and
M* are exchanged at the membrane /aqueous medium
interfaces {10]). The motivations for the present studies

transport of H* is accomp i by a comp ing flux
of charge (such as that duc to alkali metal jons, M*)
{1,2). Such a compensation is needed evea in the clec-
troncutral transport of ions so that there is no buiid up
of an clectric potential across the membrane. The
clectroncutral carriers nigericin and  monc are
polyalcohol, polyether monocarboxylic acids and can
carry both H* and M* across membranes [3). In a
recent paper we have discussed the mechanism of
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on monensin-| d H* transport and the associ-
ated M* (=Na*, K* and Li*) transports are the
following: (A) The transport ralc-hmmng species at a
given pH d ds on the of the app

proton dissociation constant Ky, for mon-H and the
metal ion on constant K\, of mon-M [4]
Therefore, to identity the rate limiting species at a
given pH it is necessary to know which of the pKy,
reported in the literature {~6€.7 {11}, ~ 79 12} or
~10.2 [13]) is relevant in hpid membranes. (B) The
intrinsic rate constants associated with the translcea-
tions of moa-H and mon-M (M*=Na*, K*, Li*)
across membranes {k, and k,, respectively) have not
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transport. Paths of fast equilibria such mon-M+H* = mon-H-
M =mon-H+M" hawe aut been explicitly indicat:d in the figure,

been determined in previous studies, since the trans-
port data given in the literature are not adequate
[5-10]. Also, the possibility that the monensin-media-
ted Na* transport rate may be pl dependent has not
been recognise:d in NMR linewidth studies [5-7). (C)
Riddell and Hayer [6) confirmed the ob\a.rvatiuns of
Hamilton and Nilsen-Hamiiton [9] thai at suffi )
high [Na*] the mun"nxm-mc,dlau‘d Na* transport rate
is reduced on increasing [Na ‘). A nawrai explanation
for this observation can be found from the mechanism
of transport itself (see below). But formation of species
such as mon-M-M* and mon-H-M* (Fig. 1) could also
cause ‘inhibition’. We wanted to examine this possibil-
ity. (D) If the pK,, is as low as ~ 6.7 and Ky is not
sufficicatly small, [mon ] will not be negligible. In the
absence of electric ficlds, the rate constants associated
with the transport of charged species such as mon ™ or
moen-H-M* across membranes are ncgligible when
compared to those of the neutral specics mon-H and
mon-M. Wi wanted to derive the modified cquation
for ApH decay when the concentrations of such specics
caanot be neglected. (EY The equation for the ApH
decay derived by us predicts contra-intuitive be-
haviours: For example, in a vesicle solution containing
a mixture of Na* and K*, on increzsing the proportion
of [K*], the H* transport rate increascs for smali [K*]
but decreases for large [K*}. We wanted to see whether
such behaviours could be seen in the pH range 6-8 of
biological interest.

In the recent past, ionophorc mediated fast ion
transports across vesicular membranes have been stud-
ied using fast reaction icchniques such as relaxation
studies in NMR 15-7), stopped-fiow [14,15] and iem-
perature jump (7-jump) {4,8,16,17). The reasons for
our choice of soyabcdn pho‘.phuhpld vesicles (SBPL) to
clucidate the h of ior ts and the
choice of T-jump to crcale a proton gradient ApH
across are dis d cisewhere

14.8]. (The ApH decay is monitored to infer the trans-
port rates of H* and M*).

Theary

The transport of H* across a membrane can be
treated as a chemical reaction in which a (H*);, is
converted into (H*),,, with an apparent rate constant
k ,yy or vice-versa. When the deviations of the concen-
trations from the cquilibrium values are small, we can
adopt the procedures commonly uscd in ‘chemical re-
laxation’ studies [18-20] and write an expression for
the 4pH decay rate, ™', if the H* transport is driven
by the [#* concentration gradieni (see Eqn. A-18 of
Ref. 4).

' =(n {1+ bY, /b V) k  wfH” /8, m

¥, and V, are the aqueous volumes inside and outside
the vesicles. A, and b, arc the internal and external
buffer capacmu and havc contributions from buffer
specics in fast proton exchange equilibrium (compared
to i ') with the agucous medium inside and outside.
They include endogenous contributions, from the buffer
groups in the inner and onter layers of the vesicular
membrane, respectively [4,15]. For SBPL vesicles the
internal buffer capacity b; can be given as follows.

A
= (in m;{ Yoelapt sk, eme 1)’]} @
g1

where €, and K, are the concentration and acid
dissociation constant of ihe buffer entrapped inside
vesicies. The zoatribution to b; frem the cidogencous
buffer group of concentration [A ] in vesicle solutions,
is [A KV, + 1)V, For t mg ||pxd ‘ml in SBPY. vesicle
solunons V., /V 225(] [4]. Making use of Table 1 of
Ref. 4 we get C,=30 mM, K,=10"%" ind Cy=45
mM, K,=10"7% In our experiments {and in the
derivation by Grzsick and Dencher {15 Vib,/V,b, < 1
and hence can be neglected in Eqn. 1L

For the simple mechanism of monensin-me iated
H* transport (Fig. 1), when the translocations of mon-
H and mon-M across the membrane arc rate limiting
and when [M *] is sufficiently large such that ths terms
involving A[M*] can be ignored, we can writc e rate
equations following the procedure given in our carlier
paper {4].

—d(A[H* 1)/dr = ap A{H* i+ ayp3{mon)y
—d(mon)k)/dt = us- A[H* )i+ @z dimon)u [©)]
where the subscript ‘i’ refers to the region inside

vesicles;and the inner laver. [mon](,, is the total mon-
ensin .pnccmm\;un in the inner layer of the mem-



TABLE 1

Parameters vhich give calculated = (with the help of Eqns. 1, 2 and 8)
in good agrcement with those observed et 25°C (Figs. 2 and 3) ¥

MGl Mewl | pKy
(pM) ion M*

k)

1/Kps  pKE
™mh

S0 Na* 6.55 0 635
(b 635) (LS
50 K* 0.55 ~2 7.55 9
50 Li* 655 ~0 R.25 9
250 Na* 655 20 595 9
o (6.45) @)
250 K* 6.55 ~2 735 9
250 Li* 6.55 ~0 8.1 9
50 Na* 79 2K 63 10
S0 K* 79 ~2 70 2
50 Lit 79 ~0 705 0.6
250 Na~ 19 2 59 9
o (6.25) 3.5)
250 K* 79 ~2 70 3
250 L 79 ~0 70 0.0

“ Salid lines of Figs. 2 and 3 have heen obtained using Ky =0,
phy =655, und associated parameters which are a0t within
paraithesis in the table.

brane. We have [mon),, = [mon}; at 2quilibrium. For
the machanism of Fig. 1 we have,

ay=&,([H' 176, [mon](in 10){K. /(K +[H* F)}
x{14 b, /(0e))
=2k (In 10)([H* 1/6){[H* /(K +{H* D}
ay = {[mon}o/(14[M* }/Kum}}
X{(kiKe= kK2R D)4 bV 7(05D)

an={2/(K+[H D1/ +[M° 1/ K HR[H 1+ k2 K2}
“@

K=Ky + KXQ4[M*)/Kam)} 700+ [M*1/Kim)
KX = KyM* 17Ky ®)

where K, and iy arc the dissociation constants of
the following two equilibria.

mon-H-M* = men-H+M™

mon-M-M* = mon-M+M™ ©)

The observed relaxation time 7 associated with ApH
decay is given by the following equation [4].

Tl may - apay /ey m
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When Egns. 4, 5, 7 and Eqn. A-27 of Ref. 4 are used
the apparent rate constant k,,, of Eqn. ! takes the
following specific form.

&,y = 09S[(Monlo/LiplIK kK2 /(K TH 1+ koK)
X{1AKy+H HHIM /K yy)
+ KX+ M)/ Ku))] @)

In the above equations &, and k, are the intrinsic rate

i with the translocations of mon-it
and mon-M, respectively, across the membrane, IMual,
is the monunsin concentration in “he vesicle solutions
expressed with respect to the tota' vofume.

In liposomes, the H* flux acivss the membrane is
compensated by a M* flux in the «pposite direction to
maintain clectrical neuirality across the membrane.
Therefore, if &, is the appaicnt rate constant tor the
transport of M* across the membrane, a 4pH decay
experiment itself can be used to cstimate &,y usiag,

konfH )=k, yIM*] (O]

if we have more than one type of M™ in vesicle
solutions and if the metal ion binding equilibria are
fast compared to 77, in the above equations we st
replace M*/X,, by DIM*I/K ) with summation
over the mctal ion species *j’. Similar changes have to
be made with the terms involving [M*}/K; and
M*1/Kum-

From Eqn. 8 we see that the intrinsic rate constants
k, and k, can be estimated if k,,, shows pH depen-
dence. Using Eqns. 5, 8 and 9 we note that &
should decrease with increase in [M*] {except for
[H*] K, wher. [mon-M] is raie-limiting), even when
mon-H-M* and mon-M-M* havc negligible concentra-
tions.

Mairrials and Methods

SBPL vesicles with 2 mM pyraniue, and 2-50 mM
phosphate or 0.25 raM Aces buffers inside vesicles and
25 mM Aces or § mM Aces outside vesicles were
prepared from lectin, by i and passing
through a Sephadex G-50 cofumn in the aqueous
mediun having specified concentration of MCl (M*=
Na*, K* and Li*), as described previously [4,8]. The
pH of buffers were adjusted with HCI or MOH. Opti-
cal densities at 700 nm, measured with the help of a
Cary 17D spectiophiotometer, were used to control
vesicle prep Microlitre of I mMor3
mM monensin (Sigma) in ethanol were added to vesicle
solutions before the T-jump experiments. A particular
set of experiment was carried out using the same
vesicle preparation to avoid scatter of data due to smalt
diff in vesicle preparations, The 7-jump instru-
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ment {21}, the transient recorder used to record the decay due to H* t across the b was
fluorcscence changes [22] and the fication of i d from the ch in the fl of
pyranine fl h 2 with ApH pyranine entrapped inside vesicles as described in our
decay [4] have been described elsewhere. At least four previous paper [4]. In thc absence of monensin, the
ApH relaxation traces weic used ir the determination ApH decay rate 77! (< 0.1 s™') was much smaller than

of each relaxaiion time. A calibrated exponential gen- that observed with monensin in vesicie sclution. Thus,
erator was used to mezswre ~ as described elsewhere the observed 7! can be attributed dominantly to the
41 menensin-mediated ApH docay. The increass in 77!

with ¢ither the increase of [Mon], [8] or the decrease
Results of [lip] is similar to that observed in the case of

nigericin-mediated ion transports {4] and are consistent
In SSPL vesicles the endogencous buffer groups with Eqn. 8. The increase in 7 with the increase in the

make a substantial contribution to the internal buffer phosphate buffer concentration inside vesicles (com-
capacity, b; [4,151 The temperature dependence of par: Figs. 2a and 2b) are also comsistert with that
their pK are small when ccmpared to that of Aces d by substituting the end contributions
buffer (see Table I of Ref. 4). When the buffer trapped tc the internal buffer capacity reported earlier {4) in
iuside vesicles is 0.25 mM Aces or 2-50 mM phos- Egns. 1 and 2.

phate, the magnitude of the pH jump foltowing a
T-jump will be sinaller inside vesicles than that in the Dependence of 7' on PH

Aces butfer medium outside vesicles (sce eqn. A-9 of Whea Na* ions were used as M* in the vesicle
Ref. 4). Thus. with a 7 jump of 1.5°C we could get solutions, the relaxation time 7 decreased on decreas-
ApH -~ 0.025 across the vesicular membranc in all the ing the pH from approx. 8 and tended towards a

vesicle solutions wsed in our experiments. The ApH constant value in the pH range 6-6.5 (Figs. 2a and 2b).
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In contrast with such d:ita, the pH dependence of 7
was small when K* jons. or Li* ions were used (Figs.
2c and 2d). Thus, at :M*]=250 mM, 7 !/{Monj,
(which 1:flects the mouensin-mediated H* and M*
transport rates) followed the order Na*> K* at low
pH similar to the ionophere selectivity order {3}, but
followed the contiz-inti.itive order K*> Na* at higher
pH conditions (~ 7.5) {zompare Figs. 2b and 2c).

Dependence of + on [M *]

In the pH range 6-3 of our study 7 increased with
increase in [Na *] but decreased with increase in {K ]
or [Li*] {Figs. 2a-2d). The pH dependent data (Fig.
3a) obtained in a mixture of Na* and Li* at 250 mM
total ion ccncentrations show that at higher pH (~ 7.5)
7 increases on increasing the proportion of {Na*}. This
observation corfirms tie i of r with i in
the coacentration of Na* ions. Fig:. 3b and 3¢ show
that at low pH (~ 6.2) if {Li*] is decreased from 130
mM with a corresponding increase in [Na*] or [K*]
(such that the total ion concentrativn remains 100
mM), 7 decreases repidly at first tendmg towards a
saturating value at higher concentrations of {Nz.*] or
IK*]. In the experiments with a mixture of K* and
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Na* ions at pH 7.4, when [K™) was decrcesed from
100 mM with a corresponding increase in {Na*), =
decreased at firsi, but i d at higher ra-
tions of Na* (Fig. 3d).

Analysis of da‘a

The metal ion deperdent behaviours mertioned
above can be explained with the help of Egns. 1, 2 and
8 by a suitable choice of parameters. However, more
than one set of parameters can give the calculated r in
goud. agreement with the observed values. For exam-
ple, in Fig. 2c the solid line has been obtained with
pK,;=6.55 and the broken line with pK,; = 7.9 {along
with thc assoviated parameters given in Table 1). To
setect the parameters approp-iate to our system s ¢en

use the tollowmg criteria: €i) The relauve magnitudes
of Ky iation d with mon-M,
M*= Na and K*) estimated from our data should e

i with the i l 1 data. (ii) The

intrinsic rate k, d with the t
of mon-H across the membranr should not depend on
the choice or concentration of M™ (except for small
changes due to changes in ionic strength as observed
with nigericin {4]).
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= 250 mM (O) and [Na* ] { = 50 mM)+[Li* ] (= 200 mM) (4) (2 mM phosphate
ip] = .2 mM); (b} with [Li* ] keeping [Li* ]+{Na*]= 100 mM (pH ~ 6.2, 0.25 mM

Aces inside and 5 mM .\ces outside vesicies, [Mon], = 3 1M, [lip] = 5.4 mM; (c) with {Li* Ik\.cplng {Li*}+{K' }=1001aM (pH ~0.2,0.25mM

Aces inside and S mM Aces outside vesicles, sMon)p = 3 uM, llip)= 5.4 mM; (@) ith [K* Jkeeping (K * 14+ [Na* ] = 166 M (Bit ~ 74,025 mM

Aces inside and 25 mM Aces outside vesicles, [Moaly = 1.0 uM, [lip}= 5.2 mM) :t 25°C. The sohd tines were caleulated using pKy = 6.55 and
the associated paramelers (Table D i Equs. 1,2 and 8,
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For example, with p&y =79 and k =k, if the
calculated 7 should agree with the observed values the
estimates of k, have to be decreased by large factors
when M* is changed from Na* to K* or Li* (Table ).
Also, for this choice of pK; the relative magnitudes of
Ky, (estimated from pX* using Eqn. 5 and Tablc D)
are not coasisient with those expected from the rela-
tive ionophore sclectivity. Similar observations can be
made for the estimates obtained by fitting the data of
Fig. 2 to Eqns. 1 and 8, 1f &k, is assumed to have a
value largely different from that of &, and/or pX,; is
chosen to be 10.2. Furthermore, if the probability of
formation of the complex mon-H-M is taken to be

ligible in the medium containing Na* Gi.c. 1/K
~ 1), we find that &, and K& have to decrease with
increase in [Na*] to explain the data of Figs. 2a and 2b
(sc' Table 1). All these arc unrcasonable in view of the
above mentioned criteria and Egn. 3.

The parameters given in Table | corresponding to
pKyy = 6.55 (and not enclosed within parenthesis) do
cxpiain the data of Fig. 2 and satisfy the above men-
fiviedd two criteria. Further support for their validity
comes from the observation that the data obtained in a
medium containing a mixturc of metal ions (Fig. 3) can
also be explaired using these parameters. However, in
these cases we have to sum over the metal ions for the
terms involving Ky, and Ky, us described in the
“Theory” section. The solid lines of Figs. 2 and 3 have
heen obtained using these parameters.

Discussion

The life-times 7y (= 1/k, ) of the metal ion in-
side vesicles obtained from the NMR lincwidths {6,7,23)
can be estimated from the ApH decay data also (see
Eqn. 9i. Thus, the apparent ratc constant for the metal
ion transport *k’ defined by Riddell and co-workers
[6,7.23] is {ky, {lipl/[Mon),). Using Table 1, Eqns. 8
and 9, we get ‘k in SBPL wvesicles at 25°C te be
~ #-10*s~" for unii value of [lip]/[Mon], when [Na*}
=100 mM and pH =7. When we take note of the
temperature and lipid constitucnt dependences of &y,
the above cstimate can be considered to be in good
agreement with the NMR estimates [7] (1.2 104 57" at
30°C in egg PC vesicles), if the NMR experiments had
been carried out at pH ~ 7.

However, our interpretation of the transport data
differs substantially from that of Riddeil and co-workers
[7,23}. (a) The NMR tincw.dui data have been analysed
using a transport mechanism which ignored the com-
g ing tlux due to in/nigerici Jiated H*
transpor [7,23]). But. Sandeaux et al, [10) have demon-
strated the 10 indude the HY transport also when
discussing m i diated Na* transport. Also, the
pKy, valucs repoited in the litcrature {12] suggest
substantial {mon-H} and [nig-H} in the pH region of

interest and hence they cannot be ignored. The mecha-
nism uscd by us is similar to that of Sandeaux ct al.
[10). (b) Riddcll et al. [7,23] interpret their results
assuming kg, > ky (kg is the rate constant for the
diffusion of mon-M across the membranes which is &,
in our notation: k, is the rate constant for mon-M
dissociation). Thus, in their interpretation &, is not
obtained. However, our observations on the decrecase
with increase in baffer concentrations and
[Na*] (Figs. 2a and 2b) can be used to sav (from
arguments similar to those used in the case of rigericin
[4]). that cquilibria associated with the binding and
dissociation of H* or Na™ to moncnsin arc not the
raie-fimiting steps of ion transports (which canse dpH
to decay). Thus, in our interpretation &, and Z, are
obtained. (¢) Riddell et al. have argued that if the
diffus.on controlled translocation of mon-M is assumed
to be rate limiting, & , for mon-Na becomes 3 times less
than thai for mon-K (in their analysis of data) and this
is unrcasonable since the Na* and K* complexes of
ensin have similar vol and shapes [7]. On the
otherhand, our analysis of ApH decay data (in which
translocations of mon-M and mon-H across membrane
are rate-limiting) docs yieid lar magnitudes for the
k, cstimates (=k,~9-10% s™") for the three ions
Na*, K" and Li* as required by Riddell et al. {7].
Comparing the results and parameters given in Table
1 with those abtained for the nigencin mediated trans-
ports {4], we wote the following: (i) The pK,; (= 6.55)
of moncensia Jdeterinined by os in the SBPL medium is
close to that reported in $6% dimethylformamide-water
mixture [i1] (The higher value of pKy; (=10.2) ob-
served in methanol could be duc to the protic nature of
the solvent [13).) Thus. we can expect {mon~] o be
non-negligible in the pH range of our interest, unlike
the situation with nigericin, (i1) Our analysis of the data
suggests that at the metal jon concentrations used in
our experiments [mon-H-Na*] could be substantial.
Therefore, part of the contribution to the reduction in
ion transport rates on increasing [Na*] could be at-
tributed to the *inhibition’ due to the increase in [mon-
H-Na*]. (iii) The mon-M dissociation constants, Ky
{=0.032 M for Na*, 0.5 M for K* and 2.2 M for Li*
at 50 mM ion concentration estimated using Eqn. §
and pX} (Table 1)) follow the expected ionophore
selectivity order [3,24,25). A similar comment had been
made for nig-M also {4]. (iv) Similar to the corclusion
of our work on nigericin [4], we can say that when
KX [H*), =~ is proportional tc [mon-H] und when
K} < [H*]it is proportional to {mon-M]. Thus, as the
pH v iwcreased the dominant species limiting the rate
changes from mon-M to mon-H. Using Table 1 we can
say ‘hat at pH ~ 7, translocation of mon-H across the
membrane dominantly limits the ion transport rates
when the metal ion in the medium is Na™. In contrast
with this, at this pH the transport of mon-i and




mon-L.i dominantly limit the rates when the metal ion
in the medium is K* and Li*, respectively. () The
pK¥ (and hence the concentrations of the dominan’
rate-hmiting species) at pH ~ 7.5 are such that we caa
have higher ion transport rates (and hence higher apH
decay rate) in a medium of K* rather that in a
mediam of Na* (at 250 mM ion concentration) ul-
though the ionoohore selectivity order for movensin is
Na*>K* Such contra-intuitive behaviour has been
noted with nigericin also [4]. (vi) In a medium contain-
ing a mixturc of Na' and K* at pH ~ 7.4, when the
proportion of K* is «mall, the transport of men-H <an
be rate-limiting. Increasing the concentration of the
relativcly weakly binding K* with a corresponding de-

crease in [Na*] would then ircrease [mon-H} with an
associated increase in 77!, However, when [K*] be-
comes sufficiently large it is the transport of [mon-Na)
which will be rate-limiting. in which case 7' will
decrease with an increase in [K*] and a corresponding
decrease in [Na” 1. Such a behaviour is predicted by the
cquations given above and is ohsenved in experiments
(Fig. 3d). (vii) Species with negligible translocation rate
constants in membranes (in the absence of clectric
ficlds) such as mon and mon-ki-M* require us fo
include additional terms to the exprassion ior the ApH
decay derived in our carlier work f4]. (Contribution
from the concerted transport of mon-H-M* and mon-
M-M* is necgligibie since [mon-M-M*] is ncgligibl.
The stabilisation of charged species in the polar inter-
face region is an addi.ional factor making the translo-
cation rates of the charged species small.) (viii) Our
data show that 1/Kyy, ~ 0 indicating hat the binding
nf a second metai ion 0 mois-M is negligible. However,
1/Kyy (~20 M™!) assaciated with the farmation of
mon-H-M* is comparable to 1/K; {~30 M™") asso-
ciated with the formation of mon-M, This observation
might imply that the g.otonation state of the carboxyl
group in monensin does not affect the stability of
mon-M much and that the bindings of M* and H* to
iosensin are not competitive. Thiu conclusion has the
support of structural dita [26,27]. A similar situation
does not exist with nigericin, (ix) K} (corresponding to
pAy = 6.55) given in Table 1 incicases with [M*]. The
observed deviaiion from the expected linear depen-
dencz VEqp. 5) is similar to that observed with nigericin
{4] and can be attributed to the decrease in the activity
cocfficicnts on increasing the ionic strength at kigh ion
concentrations. (x) The observation k, = k, for mon-
ensin is simiias i that madc in the case of nigericin, &,
estimated for mon-H (~ 9+ 10* s=') is higher than that
for nig-H (~ 6+ 10% s™%). This small difference is un-
derstandable when we take note of the small differ-
ences in their structures and the reiative molecular
weights (670 and 725, respectively) which are reflected
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in their molecular volumes and hence in the values of
k,. The translocation rate constants of mon-H and
mon-M in SBPL vesicles are smaller than that of
neutral valinomycin (~4-10° s~' in phosphatidyl-
inositol bilayer) {12]. probably because of their electric
dipole moment which can increase the transport bar-
rier and the differences in the constitution of lipid.
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