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Vanadyl ions increase the order parameter of plasma membranes 
without changing the rotational relaxation time 
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Differential polarized phase fluorometry of 1,6-diphenyl-l,3,5-hexatriene showed that vanadyl ions (VO 2+) 
increased its limiting anisotropy (order parameter) in crude plasma membranes from brown adipose tissue of 
the golden hamster (Mesocricetus auratus). This was about 10 3 times larger than the effect of Ca 2 + and was 
several times greater than the action of Co 2+. Vanadate anions were without any effect. During the 
membrane treatment with VO 2 +, the rotational relaxational time of diphenylhexatriene did not change. This 
results suggest a possible positive influence of. tetravalent vanadium on the stability of cell membranes. 

Introduction 

The interaction of divalent ions with plasma 
membrane phospholipids might have important 
consequences for the functional properties of the 
cells [1-4]. 

In the present communication we followed the 
effect of cobalt and vanadium ions on motional 
freedom of plasma membrane lipids. Both ele- 
ments are of biological importance, Co 2÷ affects 
the function of membrane receptors and channels 
[5,6]. The biological effect of vanadium depends 
on its oxidation state, pentavalent vanadate (VO 3) 
strongly inhibits many phosphohydrolases, e.g. 
(Na ÷ + K÷)- and Ca2+-ATPase and phosphatases 
[8,11] whereas divalent vanadyl (VO 2÷) hyper- 
polarizes the intact cells [12] and mimics the ac- 
tion of insulin [12-15]. It is not dear, however, 
whether among the physiological effects of Co 2÷ 
and VO 2÷ the direct influence on membrane lipid 
phase may exist. 
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The fluidity or microviscosity of membranes is 
often estimated from the steady-state fluorescence 
anisotropy of diphenylhexatriene incorporated into 
the hydrophobic bilayer; but the term fluidity 
seems to be inadequate to describe the motion of 
diphenylhexatriene inside the membrane because 
of non-zero limiting anisotropy [16]. The motion 
of diphenylhexatriene is, however, well described 
by limiting anisotropy (r~) and by its rotational 
relaxation time % [17]. Both parameters are as- 
sessed from the steady-state anisotropy values, 
fluorescence lifetime and differential tangent 
[18,19]. 

These parameters of the diphenylhexatriene 
incorporated into crude membrane fragments were 
measured before and after application of Co 2÷ 
and VO 2+ and were compared with the actions of 
Ca 2+ and VO 3. 

Materials and Methods 

Golden hamsters were used for isolation and 
purification of crude membrane fractions from 
intercapsular brown adipose tissue [20]. Labelling 
of samples by diphenylhexatriene (DPH) and 1-(4- 
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( t r imethylamino)phenyl)-6-phenylhexa-l ,3 ,5- tr iene 
( T M A - D P H )  was made  according to Shinitzky 
and Barenholz [21] and Kuhry  et al. [22], respec- 
tively. All measurements  were performed at 22 ___ 
0.5°C.  The exciting wavelength was 360 nm in all 
measurements  and the fluorescence emission was 
isolated f rom Rayleigh and R a m a n  scattering by 
use of  a Scott KV 420 filter. 

The fluorescence lifetimes, differential tangents 
and steady-state fluorescence anisotropy were 
measured on an SLM subnanosecond spectrofluo- 

rdyn 
oo 

0.170 

0.160 

0.150 

0.140 

A 

0.130 "/i . . . . .  
oo 9 8 7 6 5 4 

- LOG c [ mot/rag prot . ]  

rdyn 
oo 

0 . 2 7 0 .  

0.260 

0 ,250  

O. 240,  

0.230  

0.220 

II 

" ~ ,  
c o  9 8 7 6 5 4 

-LOG ¢ [ rno[/mg prot.] 

Fig. 1. I n f l u e n c e  o f  C a  2+ ( O ) ,  C o  2+ (zx), V O  2+ ( 0 )  a n d  

VOW- (×) when added to crude plasma membranes of brown 
adipose tissue in 0.25 mol/l sucrose plus 10-2 mol/l Tris-HCl 
(pH 7.4) on the limiting anisotropy (r~dyn). The limiting ani- 
sotropy was obtained from the measurements of dynamic 
depolarization, fluorescence lifetime and steady-state ani- 
sotropy of DPH (A) and TMA-DPH (B), respectively. The 
concentration of protein [23] in all experiments was 100/Lg/ml. 
Abscissa:concentrations of ions (c) are expressed in terms of 
mol per mg of membrane proteins corresponding to 100-times 
higher concentrations in mol/1). Temperature 22 ° C. 
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rometer  [24,25], the last with the light modula t ion 
and radio frequency electronics turned off. The 
limiting anisotropy and rotat ional  relaxation time 
were calculated according to Lakowicz et al. [19] 
(Equat ion 18). 

Results 

Fig. 1A shows anisotropy changes of  D P H -  
treated membranes  in the presence of  Co  2÷, VO 2÷, 
Ca 2÷ and VO 3 - .  All cations increased the limit- 
ing anisotropy rdY"; most  potent  was VO 2÷, which 
exhibited the same effect as Ca 2+ but  at a con- 
centrat ion three orders lower and was about  10- 
times more  efficient than Co 2÷. E D T A  10-3 tool .  
l -1 cancelled the effect of  these ions almost com- 
pletely (data not  shown). Measurements  with 
T M A - D P H  (Fig. IB)  suggest the same or greater 
changes of  anisotropy, but  starting from a higher 
level. The higher values obtained with T M A - D P H  
are in good agreement with the theory of  mem- 
brane fluidity gradient [26-28] because of  the 
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Fig. 2. The influence of VO 2+ (O) and Ca 2+ (O) on the 
fluorescence intensity and anisotropy of DPH in ethanol (up- 
per part) and in the membranes (lower part). Concentration of 
DPH was 2-10 5 mol/l in ethanol and 1,10 -6 mol/1 in 
membranes, respectively. 
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Fig. 3. The change of differential tangent and lifetime of DPH 
in plasma membranes in the presence of VO 2÷ (O) and Ca 2÷ 
(4), respectively. For all experiments, the values are means 
(_+ S.E.) of three different experiments made in triplicates. 
Abscissa:concentration of ions (c). 
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Fig. 4. The limiting anisotropy (r  dyn) and the rotational relaxa- 
tional time (re) of DPH obtained from dynamic measurements 
for different concentrations of VO 2 +. 

distribution of TMA-DPH only in the surface area 
of the membrane. VO 3-  was without effect. 

Together with the increase of anisotropy, we 
observed also a decrease of the total DPH fluores- 
cence intensity in the presence of VO 2+ (Fig. 2). 
In principle, there are three possible explanations 
for the latter effect: (1) Fluorescence quenching of 
DPH by VO 2÷. The quenching due to the FiSrster 
energy transfer can, however, be neglected because 
there is no overlap of DPH emission spectrum 
(peak about at 430 nm) and the absorption spec- 
trum of VOSO 4 ( > 7 2 0  nm). (2) VO 2÷ can 
penetrate the membrane and then collisional 
quenching with DPH may occur. This is also 
excluded, because no intensity change was ob- 
served when only DPH and VO 2÷ were present in 
the medium (Fig. 2). (3) Change in the probe 
environment. To check this possibility, dynamic 

fluorescence measurements were made. Fig. 3 
shows that the average lifetime of the excited state 
of DPH decreased with higher concentration of 
VO 2÷ but it did not change during treatment with 
the same amount of Ca 2÷. Two component 
mathematical analysis distinguished the change in 
ratio between shorter (zt = 2.3 + 0.3 ns) and longer 
(r2 = 7.5 + 0.4 ns) lifetimes of DPH in membranes 
after adding VO2+; this resulted in the shorter 
average lifetime of DPH and also in the lower 
fluorescence intensity observed with VO 2+. Simi- 
larly we observed the decrease of the differential 
tangent with the increase of VO 2+ concentration 
(Fig. 3). From the values of steady-state ani- 
sotropy, lifetimes and differential tangents we 
calculated r~ y" and %. Fig. 4 displays these two 
quantities as a function of VO 2+ concentration. It 
is clear that r dr~ determined from the dynamic 



measurement also increased with VO 2÷. This is 
similar to ro, calculated from the steady-state val- 
ues only. It can be also seen from Fig. 4 that 
VO 2÷ (up to 10 -4 mol .  1-1, i.e. up to 10 -6  mol.  
mg -1 of protein) does not affect the rotational 
relaxation time of DPH. 

Discussion 

DPH molecules are distributed centrally be- 
tween the fatty acid chains with their long axes 
normal to the plane of the membrane. On the 
other hand, the cationic derivative TMA-DPH 
remains localized exclusively near the surface of 
the membrane [22]. It therefore reflects the changes 
on the membrane-water interface. Because of the 
observation that VO 2÷ has the same or greater 
effect on the limiting anisotropy r d y n  of TMA- 
DPH than on that of DPH, it seems that VO 2÷ 
acts mainly on the surface of membrane. It is 
possible that VO 2÷ may be localized prefer- 
entially in the more negatively charged (i.e. inner 
[29,30]) monolayer of the plasma membrane. The 
higher r~ yn for TMA-DPH is consistent with a 
more restricted order in the inner monolayer of 
the adipose cell plasma membrane and is also in 
agreement with earlier work [27,31]. The cation, 
VO 2÷, would tend to bind more to the negatively 
charged cytoplasmic monolayer - precisely where 
the TMA-DPH would also tend to be localized. In 
this way VO 2÷ may create bridges in a manner 
similar to that proposed for Ca 2÷ [1]. An interest- 
ing fact is that this phenomenon occurs in the case 
of VO 2÷ at about a concentration three orders 
lower; this shows that the structure of the mem- 
brane is easily stabilized by VO 2÷. This is also 
indicated from the dependence of r d y n  o n  con- 
centration. On the other hand, the kinetic parame- 
ters, represented by the rotational relaxational time 
*c are not affected by VO 2÷. Other investigators 
have also shown the insensitivity of DPH rota- 
tional relaxation time to a number membrane 
changes that dramatically alter roo [19,31]. This 
means that the microviscosity that is derived from 
~'c does not change within the experimental errors. 
The changes in the structural arrangement of the 
lipid compartment at the membrane can conse- 
quently also influence the functional properties of 
membrane bound proteins (see, for example, Ref. 
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3). In the case of VO 2+ and to a lesser extent 
Co 2÷ (but not VO43-), one should take this possi- 
bility into consideration when the biological ef- 
fects of vanadium salts are discussed (see, for 
example, Refs. 32, 33). 

Acknowledgment 

We are greatly indebted to Dr. Alan Mont- 
gomery, Liverpool, for reading the manuscript and 
Mrs. Jarmila H2~ovfi for technical assistance. 

References 

1 Livingstone, C.J. and Schachter, D. (1980) Biochemistry 19, 
4823-4827 

2 Tfiiuble, H. and Eibl, H. (1974) Proc. Natl. Acad. Sci. 
USA, 71,214-219 

3 Papahadjopoulos, D. and Poste, G. (1975) Biophys. J. 15, 
945-948 

4 Gordon, L.M., Whetton, A.D., Rawal, S., Esgate, J.A. and 
Houslay, M.D. (1983) Biochim. Biophys. Acta 729, 104-114 

5 Hille, B.., Woodhull, A.M. and Shapiro, B.I. (1975) Phil. 
Trans. R. Soc. London, Ser. B, 270, 301-318 

6 VyklickSt, L., Vyklick#, L., Jr., Vlachovh, V., Michl, J. and 
Vysko~il, F. (1985) Neurosci. Lett. 61,345-390 

7 Rubinson, K.A. (1981) Proc. R. Soc. London B, 212, 65-84 
8 Phillips, T.D., Nechay, B.R. and Heidelbaugh, N.D. (1983) 

Fed. Proc. 42, 2969-2973 
9 Cantley, L.C. (1981) Curr. Top. Bioenerg. 11,201-237 

10 Akera, T. and Brady, T. (1983) Fed. Proc. 42, 2978-2984 
11 Wierichs, R., Hagenmayer, A. and Bader, H. (1980) Bio- 

chem. Biophys. Res. Commun. 92, 1124-1130 
12 Dlouhgt, H., Teisinger, J. and Vysko~il, F. (1981) Physiol. 

Bohemoslov. 30, 1-10 
13 Schechter, Y. and Karlish, S.J.D. (1980) Nature 284, 

556-558 
14 Dubyak, G.R. and Kleinzeller, A. (1980) J. Biol. Chem. 

255, 5306-5312 
15 Zemkov~t, H., Teisinger, J. and Vysko~il, F. (1982) Biochim. 

Biophys. Acta 720, 405-410 
16 J~ihnig, F. (1979) Proc. Natl. Acad. Sci. USA 76, 12, 

6361-6365 
17 Kawato, S., Kinosita, K., Jr. and Ikegami, A. (1977) Bio- 

chemistry 16, 2319-2324 
18 Lakowicz, J.R. and Prendergast, F.G. (1978) Science 200, 

1399-1401 
19 Lakowicz, J.R., Prendergast, F.G. and Hogen, D. (1979) 

Biochemistry 18, 3, 508-519 
20 Svoboda, P., gkobisovh, E. and Drahota, Z. (1984) Physiol. 

Bohemoslov. 33, 97-103 
21 Shinitzky, M. and Barenholz, Y. (1974) J. Biol. Chem. 249, 

2652-2658 
22 Kuhry, J.G., Duportail, G., Bronner, C. and Laustriat, G. 

(1985) Biochim. Biophys. Acta 845, 60-67 



22 

23 Lowry, O.H., Rosebrough, N.J., Farr, A.C. and Randall, 
R.J. (1951) J. Biol. Chem. 193, 265-275 

24 Weber, G. (1977) J. Chem. Phys. 66, 9, 4081-4091 
25 Spencer, R.D., Weber, G. (1970) J. Chem. Phys. 52, 

1654-1663 
26 Tanaka, K. and Ohnishi, S.-I. (1976) Biochim. Biophys. 

Acta 426, 218-231 
27 Schroeder, F. (1978) Nature (Lond.) 276, 528-531 
28 Schroeder, F. (1980) Eur. J. Biochem. 112, 293-307 

29 Bretscher, M.S. (1973) Science 181, 622-629 
30 Zwaal, R.F.A., Roelofsen, B. and Colle, H.M. (1973) Bio- 

chim. Biophys. Acta 300, 159-182 
31 Schroeder, F,, Goetz, I. and Roberts, E. (1984) Mech 

Ageing Dev. 25, 365-389 
32 Zemkovh, H., Teisinger, J. and Vysko~il, F. (1982) Biochim 

Biophys. Acta 720, 405-410 
33 Svoboda, P., Teisinger, J. and Vysko~il, F. (1984) Biochem 

Pharmacol. 33, 2493-2497 


