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Summary 

The microsomal membranes and the proteolipidic particles obtained by 
disruption of the microsomes by alkaline-earth ions at molar concentration 
have been compared by measuring the fluorescence properties of 1-anilino- 
naphthalene-3-sulfonate and naphthyl-l-phenylamine. The protein lipid arran- 
gement of these two systems appears to be not essentially different. The study 
of fluorescence polarization of an hydrophobic probe (perylene) in function of 
Mg 2÷ concentration suggests a possible mechanism of disruption of the mem- 
brane by Mg 2÷ involving the strong structure-making effect of the ion. 

The comparison of the fluorescence polarization changes of perylene and 
equilenine (a competitive inhibitor of the isomerase) with the ionic concentra- 
tion indicates that there is no direct relation between the bulk lipidic phase and 
the enzymatic binding site properties. 

Moreover, the emission of equilenine is completely quenched by I-, in 
contrast with the napththyl-l-phenylamine and perylene probes, which clearly 
demonstrates the accessibility of the catalytic site to water molecules and ions. 

Introduction 

The enzymatic proton transfer from C6 to C4 on 3-oxosteroids is catal- 
ysed by isomerases (EC 5.3.3.1) which have been studied both in bacteria [1-- 
5] and in mammalian organisms [6,7]. The catalysed reaction is the last step of 
the biosynthesis of biologically active hormones such as androstenedione and 

A b b r e v i a t i o n :  ANS, 1-anilinonaphthalene-8-sulfonate. 
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progesterone. Although a soluble enzyme has been found in the cytosolic frac- 
tion of rat liver [8], the mammalian isomerase of other tissues, especially in 
adrenal cortex, has been mainly located in the microsomal membranes [9,10]. 
It has been reported that the enzyme could be released from microsomal par- 
ticles by addition of detergents such as deoxycholate [9] and Triton X-100 
[11], however, no really satisfying solubilization procedure has been described. 

We have shown that the microsomal membranes of beef adrenal cortex 
could be disrupted by the action of 1 M CaC12 [12,13]. The proteolipidic 
particles are enzymatically active and the specific isomerase activity is about 
the same or a little higher than in the microsomes. This fact permits to suppose 
a similar microenvironment for the enzyme in both systems. In order to de- 
scribe this environment, a comparative study of microsomes and proteolipidic 
particles has been undertaken. 

Fluorescence technique has been shown to be a powerful tool in the study 
of simple membrane model like lipid micelles and liposomes [14,15] and of 
more complex structures like biological membranes [16--19]. By combining 
quantum yield, maximum emission wavelength, quenching efficiency of protein 
tryptophans, fluorescence polarization measurements, it is possible to localize 
the probes either at nonpolar-polar interface (lipid-water) or in hydrophobic 
cores {likely the hydrocarbon regions of lipids) [20--22]. Thus, local informa- 
tions on the microenvironment of the probes can be obtained during processes 
of conformational changes induced by perturbations such as temperature 
changes and ionic concentration [14--23]. 

Four fluorescent probes have been used in this work: amphiphilic (1-ani- 
linonaphthalene-8-sulfonate (ANS)-), hydrophobic (naphthyl-l-phenylamine 
and perylene), and a steroid molecule (oestr 1,3,5, (10) 6,8-pentaene-3-ol,17- 
one: equilenine) which is a competitive inhibitor of the isomerase (Gallay, J., 
Vincent, M. and Alfsen, A., unpublished). 

The present study is an attempt to describe the relation between the 
lipids, the isomerase and the aqueous solvent in the solubilized proteolipidic 
structures. 

Materials and Methods 

Enzyme preparation. Microsomes preparation has been previously de- 
scribed [13]. The proteolipidic particles are obtained after disruption of the 
microsomal membranes by 1 M MgC12. After centrifugation at 105 000 × g, 
70--80% of the absorbance representing the non-sedimenting particles are 
eluted in a Ev/Evo = 3 on a Sepharose 2B column equilibrated with 0.2 M 
Tris • HCI (pH 7.2), 1 M MgCI~. The lipid content of this material is a little 
lower than in the microsomes (lipid/protein = 43 and 53% (w/w), respectively) 
but the lipid composition is very similar [12]. The stability of the particles is 
very dependent of the ionic composition of the buffer and below 1 M CaC12 a 
precipitation occurs in function of time [13]. However, no precipitation can be 
observed during the few minutes needed for the fluorescence measurements. 

Chemical reagents. 1-Anilinonaphthalene-8-sulfonate (ammonium salt) 
from Pierce, perylene {Merck 98% pure), naphthyl-l-phe~ylamine {Hopkins 
and Williams) and equilenine (Roussel UCLAF) where used without further 
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purification. Organic solvents were fluorimetric grade reagents. Ethylene 
diamine tetraacetic acid (EDTA) was Baker Chemicals reagent, analytical grade. 
All other chemicals were purchased from commercial sources. 

Fluorescence measurements. Fluorescence spectra and intensities were 
determined with an absolute differential spectrofluorimeter Fica 55. Polariza- 
tion of fluorescence measurements were carried out with the same instrument, 
fitted with polarizing filters in the emission and the excitation light path. 

Quantum yield (¢) of bound dyes was calculated from the fluorescence 
intensities extrapolated at infinite protein concentration [25]. The quantum 
yield of ANS in butanol (¢ = 0.56) was taken as reference. 

The number of dye sites and dissociation constants have been determined 
according to Klotz [26] and using the following equation: 

/~D app , 

xDo n 

where P0 is the total protein concentration, Do is the total dye concentration, 
x is the fraction of bound dye, K D a p p  is the average dissociation constant of  
the dye, n is the number of dye sites. 

By plotting Po/xDo versus 1/(1 --x)D0, n can be determined by the inter- 
section with the ordinate. The intersection with the x axis gives KD a p p .  The 
protein concentration was measured according to Lowry et al. [28]. The frac- 
tion of bound dye was obtained from the ratio of the observed fluorescence to 
that obtained when all this dye is bound at infinite protein concentration. A 
fraction of 3.3% (v/v) dioxane was used in experiments with naphthyl-i-phe- 
nylamine as probe. All the measurements have been obtained from difference 
spectra, the reference cell containing the dye in the same conditions. Fluores- 
cence intensities were corrected for self-absorption of the incident light. 

Fluorescence polarization degree (p) was calculated from the expression: 

IVV--IvH p =  

Ivv+IvH 

where Iv v and I v H are the measured fluorescence intensities with the filters 
vertically and horizontally oriented, respectively. 

The labelling of the proteolipid~articles with perylene or equilenine was 
carried out according to Shinitzky et al. [23]. Very fine glass beads (Applied 
Science, Lab. Inc. 60/80 mesh), successively washed with sulfochromic acid, 
bidistilled water and methanol, were mixed with a methanol solution of each 
probe and dried up with mixing under N2. The coated glass beads were equilib- 
rated with the particles in 1 M MgC12 solution by' stirring during 2 h at room 
temperature. The amount of bound perylene was calculated to be approx. 
15 nmol/mg protein, for equilenine it was 180 nmol/mg protein. Corrections 
for the contribution of the scattered light to the polarization were done accord- 
ing to Shinitzky et al. [23], with an unlabelled reference solution of the same 
composition. The same method was used to determine the quantum yield of 
naphthyl-l-phenylamine bound to the proteolipidic particles in presence of I M 
Mg 2+. 
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Absorbance measurements. Absorbance was measured with a Cary 118 C 
spectrophotometer .  

Results 

(1) Binding of  ANS and naphthyl-l-phenylamine to the microsomal membranes 
and to the proteolipidic particles. Influence of  Mg 2÷ concentration on the 
binding parameters of the probes 

The binding of  ANS to both  microsomes and to the proteolipidic particles 
produces a large enhancement  of  the dye fluorescence accompanied by a blue 
shift of  the emission maximum. The data are summarized in Table I. 

The effect of MgCI2 on ANS fluorescence in microsomes has been studied 
(Fig. 1). It is apparent that the increase of  the fluorescence intensity of  the 
probe is associated with a 3-fold increase in the number of  ANS molecules 
bound to the membranes and with a decrease of  the apparent dissociation 
constant. No change in quantum yield (~ = 0.11) can be detected. 

Likewise, the number  of  ANS molecules bound to the proteolipidic par- 
ticles is increased by Mg 2÷ concentration and K D a p p  is decreased. However, at 
the highest concentration of  Mg 2÷ used (0.1 M), the quantum yield of  the 
bound dye increases from 0.12 to 0.22 and the maximum emission wavelength 
is further shifted from 482 to 477 nm. (Table I). 

In the same conditions, the binding of naphthyl- l-phenylamine to both 
systems leads to an increase of the fluorescence intensity of  the dye. The 
maximum emission wavelength is shifted to the blue. The data are presented in 
Table II. In both systems, the number  of  binding sites (n) and the dissociation 
constant  (~:D app ), remain unchanged upon  addition of  Mg 2÷. However, an 
increase of  the quantum yield of  the dye is observed in the proteolipidic 
particles at the highest Mg ~÷ concentrat ion of  1 M. The maximum emission 
wavelength is simultaneously shifted from 430 to 412 nm. (Table II). 

T A B L E  I 

T H E  V A R I A T I O N  O F  T H E  B I N D I N G  P A R A M E T E R S  O F  A N S  IN T H E  M I C R O S O M E S  A N D  IN T H E  

P R O T E O L I P I D I C  P A R T I C L E S  IN F U N C T I O N  O F  MgC12 C O N C E N T R A T I O N  

T h e  p r o t e i n  c o n c e n t r a t i o n  wa s  4 .3  m g  • 1-1 in  2 0  m M  Tr i s  • HC1 (pH  8 .5 ) .  Al l  e x p e r i m e n t a l  p r o c e d u r e s  

are d e s c r i b e d  in Materia ls  and M e t h o d s .  E x c i t a t i o n  w a v e l e n g t h :  3 6 0  r im.  

MgCI  2 con -  M a x i m u m  Q u a n t u m  N u m b e r  of  A p p a r e n t  
c e n t r a t i o n  w a v e l e n g t h  y i e ld  d y e  s i tes  d i s s o c i a t i o n  
(M) ( n m o l  • m g  -1 )  c o n s t a n t  K D app 

( ~ M )  

M i c r o s o m e s  0 4 8 3  0 . I  1 4 5  1 2 5  
10  -2  4 8 3  0 . 1 1  1 2 5  6 0  

Proteo l ip id i c  O* 4 8 2  0 . 1 2  5 0  1 2 0  

part ic les  3 .3  • 10  -3  4 8 2  - -  - -  - -  
10  -1 4 7 7  0 . 2 2  2 0 0  83  

* The  zero  p o i n t  o f  Mg  2+ c o n c e n t r a t i o n  w a s  o b t a i n e d  b y  a d d i n g  1 0  -2  M E D T A  i n  t h e  cells .  
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F i g .  I .  T h e  v a r i a t i o n  o f  t h e  f l u o r e s c e n c e  i n t e n s i t y  at  4 8 2  n m  o f  A N S  b o u n d  t o  m i c r o s o m e s ,  w i t h  t h e  i o n i c  
c o n c e n t r a t i o n .  B u f f e r :  2 0  m M  T r i s  • H C I  ( p H  8 . 5 ) .  E x c i t a t i o n  w a v e l e n g t h :  3 6 0  n m .  P r o t e i n  c o n c e n t r a -  
t i o n :  0 . 0 5  m g  • m ]  - l .  A N S  c o n c e n t r a t i o n :  6 . 6  # M .  

(2) Tryptophan quenching efficiency by ANS and naphthyl-l-phenylamine 
Informations about the localization of  the fluorophores in the membranes 

can be derived from observation on energy transfer between tryptophans in the 
membrane proteins and the bound probes. 

Microsomes and particles show an intrinsic excitation maximum at 280 nm 
and an emission maximum at 335 nm, which are characteristic of  tryptophans. 
When ANS is added to the microsomes or to the particles, the fluorescence at 
335 nm is quenched and the emission at 482 nm increases, including an energy 
transfer from excited tryptophans to bound ANS. This interpretation is further 
supported by the existence of  an isoemissive point  at 425  nm [29] (Fig. 2a). 
The maximum quenching efficiency (Q) of  ANS is strongly dependent of  the 

T A B L E  I I  

T H E  V A R I A T I O N  O F  T H E  B I N D I N G  P A R A M E T E R S  O F  N A P H T H Y L - 1 - P H E N Y L A M I N E  I N  T H E  

M I C R O S O M E S  A N D  I N  T H E  P R O T E O L I P I D I C  P A R T I C L E S  I N  F U N C T I O N  O F  M g C I  2 C O N C E N T R A -  

T I O N  

E x p e r i m e n t a l  c o n d i t i o n s  as  i n  T a b l e  I e x c e p t  t h a t  3 . 3 %  ( v / v )  d i o x a n e  w a s  a d d e d .  E x c i t a t i o n  w a v e l e n g t h :  
3 4 0  n m .  

MgC12 c o n -  M a x i m u m  Q u a n t u m  N u m b e r  o f  A p p a r e n t  
c e n t r a t i o n  w a v e l e n g t h  y i e l d  d y e  s i t e s  d i s s o c i a t i o n  
( M )  ( n m o I  • m g  - 1 )  c o n s t a n t  K D a p p  

( ,uM) 

M i c r o s o m e s  0 4 3 0  0 . 3 4  5 0 0  2 5  
1 0  - 2  4 3 0  0 . 3 4  5 0 0  2 0  

P r o t e o l i p i d i c  O* 4 3 0  0 . 3 6  5 2 0  3 0  
p a r t i c l e s  3 . 3  • 10  -3  4 3 0  - -  - -  - -  

10  -1  4 3 0  0 . 3 6  4 9 0  35  
1 4 1 2  0 . 4 3  - -  - -  

* T h e  z e r o  v o i n t  o f  M g  2+ c o n c e n t r a t i o n  w a s  o b t a i n e d  b y  a d d i n g  10  -2  M E D T A  in  t h e  cel l s .  
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Fig. 2. (a)  T h e  e n e r g y  transfer  f r o m  t h e  e x c i t e d  p r o t e i n  t x y p t o p h a n s  to  A N S  b o u n d  to  the  p r o t e o l i p i d i c  
part ic les .  Buf fer :  2 0  m M  Tris • HC1 ( p H  8 . 5 ) ,  0 .1  M MgCI 2. Prote in  c o n c e n t r a t i o n :  4 .3  m g  • 1-1. A N S  
c o n c e n t r a t i o n :  a = 0,  b = 2, c = 5, d = 15 ,  e = 3 0  ~ M .  E x c i t a t i o n  w a v e l e n g t h :  2 8 0  n m .  (b)  T h e  e n e r g y  
transfer  f r o m  t h e  e x c i t e d  p r o t e i n  t r y p t o p h a n s  to  n a p h t h y l - l - p h e n y l a m i n e  b o u n d  to  t h e  p r o t e o H p i d i c  
part ic les .  E x p e r i m e n t a l  c o n d i t i o n s  as in Fig.  2a,  e x c e p t  3 .3% (v /v )  d i o x a n e  was  a d d e d  in t h e  cells.  
N a p h t h y l - l - p h e n y l a m i n e  c o n c e n t r a t i o n s :  a = 0,  b = 1 . 4 ,  c = 2 .8 ,  d = 5 .2 .  e = 5 .6  /~M. E x c i t a t i o n  wave-  

l ength:  2 8 0  n m .  

Mg 2÷ concentration. An increase is observed which is parallel to the variation of  
the number of  binding sites and the association constant of  the probe (Table 
III). 

In the case of  naphthyl-l-phenylamine,  a decrease of  the tryptophan emis- 
sion as well as an increase of  the emission at 430 nm is observed. An isoemissive 
point is also observed at 372 nm (Fig. 2b). However, the maximum quenching 
efficiency is smaller than for ANS and independent of  the ionic concentration 
(Table III). 

T A B L E  I I I  

T H E  V A R I A T I O N  O F  T H E  M A X I M U M  Q U E N C H I N G  E F F I C I E N C Y  O F  P R O T E I N  T R Y P T O P H A N S  
B Y  A N S  A N D  N A P H T H Y L - 1 - P H E N Y L A M I N E  I N  F U N C T I O N  O F  MgC12 C O N C E N T R A T I O N  

C o m p a r i s o n  b e t w e e n  m i e r o s o m e s  and p r o t e o l i p i d i c  part ic les .  E x c i t a t i o n  w a v e l e n g t h :  2 8 0  rim. Pro te in  
c o n c e n t r a t i o n :  4 .3  m g  • 1-1 in  2 0  m M  T r i s  • H C I  ( p H  8 . 5 ) .  

MgC!2 M a x i m u m  q u e n c h i n g  M a x i m u m  q u e n c h i n g  e f f i c i e n c y  
c o n c e n t r a t i o n  (M)  e f f i c i e n c y  o f  A N S  o f  n a p h t h y l - l - p h e n y l a r n i n e  

M i c r o s o m e s  0 0 . 4 7  0 . 6 1  
10  -2  0 . 8 3  0 . 6 4  

Proteo l ip id i c  0*  0 . 4 6  0 . 6 2  
part i c l e s  3 .3  • 1 0  -3  0 . 6 5  0 . 6 0  

10  - I  0 . 8 0  0 . 6 0  

2+ * T h e  z e r o  p o i n t  o f  Mg  c o n c e n t r a t i o n  w a s  o b t a i n e d  b y  a d d i n g  10  -2  M E D T A  in the  cel ls .  
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Fig. 3. F luorescence  s p e c t r u m  of  p e r y l e n e  b o u n d  to  the  p ro teo l ip id ic  part icles .  Buffer :  20 m M  Tris • HCI 
(pH  8.5) ,  0.1 M MgCI 2. Pro te in  c o n c e n t r a t i o n :  4.3 m g  • 1 - I .  Exc i t a t i on  wave leng th :  417  n m .  , no  l -  
was  added ;  ..... [11 = 0 . l  M. All o the r s  e x p e r i m e n t a l  cond i t ions  as in Materials  and  Methods .  

(3) Fluorescence polarization of  pery lene 
The spectrum of perylene bound to the proteolipidic particles is shown in 

Fig. 3. The fluorescence polarization of this dye has been measured in function 
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Fig. 4. The  va r i a t ion  of  t he  f luorescence  po la r i za t ion  degree  Co) of  p e r y l e n e  (o)  ( exc i t a t ion  wave leng th :  
417  n m ,  emiss ion:  4 4 5  n m )  a nd  equ i len ine  (o)  ( exc i t a t ion  wave leng th :  325  n m ,  emiss ion:  3 6 5  n m )  b o u n d  
to t he  p ro teo l ip id ic  part icles .  E x p e r i m e n t a l  cond i t ions  as in Materials  an d  Methods .  Th e  zero po in t  of  
Mg 2+ c o n c e n t r a t i o n  was o b t a i n e d  b y  adding  10 -2 M E D T A  in t he  cells. P ro te in  concen t ra t ioN:  8.4 m g  • 1 - I  
(o) and  21 m g •  I - I  (o) .  
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Fig. 5. E x c i t a t i o n  ( emi s s i on  wave length:  3 6 5  n m )  and e m i s s i o n  spectra  ( e x c i t a t i o n  wave length:  3 3 5  n m )  
o f  equi l en ine  b o u n d  to  the  pro teo l ip id i c  part ic les .  Buffer:  20  m M  Tris • H C I  ( p H  8 . 5 )  0 . 1  M MgC12 .  A l l  

others  e x p e r i m e n t a l  c o n d i t i o n s  as in Materials and Methods .  Prote in  c o n c e n t r a t i o n :  21  mg • 1-1 

of Mg 2÷ concentration. It can be seen that at low Mg 2÷ concentration, p is equal 
to 0.075 and does not change up to 0.2 M Mg 2÷. It increases beyond this 
concentration to reach a value of  0.14 at 1 M Mg 2÷ (Fig. 4). 

(4) Fluorescence study of equilenine 
Equilenine has been shown to be a competitive inhibitor of  the mamma- 

lian steroid isomerase activity. The inhibition constant has a value of  38 pM 
when 5-androstene-3,17-dione is used as substrate [24] .  The spectral properties 
of equilenine bound to the proteolipidic particle are reported in Fig. 5. When 
excited at 325 nm, a characteristic emission is observed at 365 nm. Moreover, a 
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Fig. 6. The  energy  transfer  f r o m  the  e x c i t e d  prote in  t r y p t o p h a n s  to  equi l en ine  b o u n d  to  the  proteo l ip id ic  
particles .  Prote in  c o n c e n t r a t i o n :  21  m g  • I - I .  MgCI 2 c o n c e n t r a t i o n :  1 6 . 6  raM. E x c i t a t i o n  wave length:  2 8 0  
n m .  All  o thers  e x p e r i m e n t a l  c o n d i t i o n s  as in Materials and Methods .  a, no  equi len ine  was  added;  b, 
equf lenine  c o n c e n t r a t i o n :  3 .6  #M.  
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Fig. 7. (a) The  f luorescence  que nc h ing  by  I - o f  equi len ine  b o u n d  to  the  proteolipidic part icles.  Exc i t a t i on  
wavelength: 325  n m .  E x p e r i m e n t a l  cond i t ions  as in Fig. 8. (b)  Rec ip roca l  p lo t  of  the  f luorescence  
quench ing  of  b o u n d  equi len ine  versus  iod ide  c o n c e n t r a t i o n .  

decrease of  the fluorescence of  the protein t ryptophans of  about  18% appears 
upon binding of  equilenine to the proteolipidic particles. From the increase of  
the emission at 365 nm, i t  is apparent that  an energy transfer occurs from 
excited t ryptophans to the bound dye (Fig. 6). The fluorescence polarization 
degree (p) of  this probe decreases from 0.051 to 0 in function of  Mg 2÷ concen- 
tration. The midpoint  effect  is about  9 mM (Fig. 4). 

(5) Naphthyl-l-phenylamine, perylene and equilenine fluorescence quenching 
by I- 

The quenching efficiency of  I- on equilenine fluorescence has been mea- 
sured in order to obtain some indication about  the accessibility of  the iso- 
merase binding site to water solvent and ions. It can be seen in Fig. 7 that  a 
100% maximum quenching efficiency is obtained at infinite iodide concentra- 
tion. At 0.1 M I-, a quenching of  55% is observed. In contrast, at this iodide 
concentration, the decrease of  the fluorescence of  the perylene is less than 10% 
(Fig. 3). A similar feature has been observed in the case of  naphthyl-l-phenyl-  
amine. 

Discussion 

A strong structural similarity between intact microsomes and me  pt ~teo- 
lipidic particles resulting from fractionation of  the membranes by divalent 
cations, appears from the data brought about  by ANS and naphthyl-l-phenyl-  
amine fluorescence measurements. The similarity concerns the phospholipid- 
water and the phospholipid-water-protein interfaces. This ressemblance allows 
the use of  the much smaller particles as a model for the s tudy of  the membrane 
organization and of  the interactions between proteins, lipids, water and ions in 
the membranes. ' 

From the s tudy of  ANS fluorescence in function of  Mg 2÷ concentration,  it 



498 

appears that because of its negative charge, ANS should be repelled by anionic 
sites in the membranes at basic pH [33]. If microsomal groups are ~hielded by 
the addition of cations, this repulsion is reduced and the binding equilibrium 
shifted bringing more ANS into a hydrophobic environment [18]. 

It is significant that a similar effect is observed for the fluorescence inten- 
sity, n and K D a p p  of ANS in the proteolipidic particles, which indicates that 
both systems are surrounded by a negative potential barrier. The fact that the 
binding parameters of naphthyl-l-phenylamine, an uncharged probe, are inde- 
pendent of ionic concentration, is in agreement with this interpretation [33]. 

An other set of comparative data is given by the values of the quantum 
yield and the maximum emission wavelength for the two probes which indicate 
a statistical microenvironment more polar for ANS than for naphthyl-l-phenyl- 
amine. This is in agreement with a localization of the charged probe at the 
lipid-water interface. The value of the maximum quenching efficiency of the 
protein tryptophans fluorescence and its dependence from Mg 2÷ concentration, 
suggest that ANS is also bound at the lipid-protein-water interface [20,22]. On 
the other hand, naphthyl-l-phenylamine is probably buried in the hydrophobic 
parts of the lipid regions as evidenced by its quantum yield and its maximum 
emission wavelength when in a bound state [22]. The existence of a maximum 
quenching efficiency of about 60% for this probe, suggests that some proteins 
may be partly embedded in the hydrophobic tails of the phospholipids [22]. 

These former data support the idea that the proteolipidic particles are 
subfractions of the intact microsomes presenting a similar organization. How- 
ever, the two systems can be distinguished by their characteristic stability 
toward solvent perturbations by divalent cations [13]. At 1 M Mg 2÷ the micro- 
somes are disrupted into the proteolipidic particles. At this concentration, the 
fluorescence polarization of perylene and the variation of the quantum yield of 
bound ANS and naphthyl-l-phenylamine, indicate a higher constrained state of 
the polar part of the phospholipids and of their hydrophobic core than in 
absence of ions. It has been shown that in phospholipidic lamellar systems or in 
liposomes [34,35], the state of hydration of the polar heads of the phospho- 
lipids modifies the mobility of the fatty acid chains and of the polar heads 
themselves [36,37]. In the present system, a comparable situation is likely to 
occur and the high concentration of Mg 2÷ might induce some "dehydrated 
state" around the polar heads, leading to an increase of rigidity of the hydro- 
phobic backbone of the phospholipids. This ordering effect would be increased 
by the possibility of Mg 2÷ to produce bridges between adjacent negative 
charges. 

Since in aqueous solution, the particles are only stable in the presence of 
molar concentration of divalent cations [13], i.e. highly organized surrounding 
water, the sanie type of medium may be present along the area of disruption 
inside the microsomes. These area could be the channels of ionic transport 
across the membrane in which the water molecules solvating the charged groups 
at these surfaces are strongly oriented. The competition for these water mole- 
cules between the charged groups and the Mg 2+, should be the determinant 
factor for the disruption of the microsomes initiated along these channels. 

The variation of the state of mobility of equilenine as a function of ions is 
very different from that of perylene: the higher the Mg 2+ concentration, the 
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higher the mobility of the bound equilenine. Two main hypothesis can be 
proposed to explain the differences between the properties of  the bulk phos- 
pholipids and the microenvironment of the isomerase binding site. According 
to the first one, the isomerase binding site is located at the protein-water 
interface accessible to ions, independent of phospholipids. In this case, the 
phospholipid dependence of the enzymatic activity in the membranes [38] 
would result from a stabilization by the surrounding phospholipidic structure, 
of the active conformation of the protein. Alternatively, the enzymatic site 
may be in close contact to some phospholipids but the protein-lipid interac- 
tions modify the behaviour of the lipid moiety which possibly becomes more 
sensitive to ionic concentration. Whatever the hypothesis, the 100% quenching 
efficiency of equilenine fluorescence by I-, compared to the absence of  effect 
on the fluorescence of perylene and naphthyl-l-phenylamine, strongly suggests 
that the enzymatic binding site is accessible to ions and water molecules [39] .  

Acknowledgement 

We wish to thank Professor G. Weber for discussions and helpful advice. 

References 

1 Talalay, P. (1965) Annu.  Rev. Biochem. 34, 347--380 
2 Boyer, J .  and Talalay, P. ( 1966) J .  Biol. Chem. 241 ,180 - -187  
3 Falcoz-Kelly, F., Baulieu, E.E. and Alfsen, A. (1968) Biochemistry 7, 4119--4125 
4 Weintraub, H., Baulieu, E.E. and Alfscn, A. (1972) Biochim. Biophys. Acta 258, 655--672 
5 Weintraub, H., Vincent,  F., Baulieu, E.E. and Alfsen, A. (1973) FEBS Lett.  37, 82--88 
6 Ewald, W., Werbin, H. and Chaikoff, I.L. (1964) Steroids 4, 759--776 
7 Talalay, P. and Benson, A.A. (1972) The Enzymes (Boyer, P.D., ed.), 3rd edn, Vol. VI, pp. 615--618, 

Academic Press, New York 
8 Koerner, D.R. (1969) Biochim. Biophys. Acta  176, 383--393 
9 Neville, A.M. and Engel, L.L. (1968) Endocrinology 83, 864--872 

10 Murota, S., Fenselau, C.C. and Talalay, P. (1971) Steroids 17, 25--37 
11 Ford, H.C. and Engel L.L. ( 1 9 7 4 ) J .  Biol. Chem. 249, 1363--1369 
12 Geynet,  P., GaUay, J. and Alfsen, A. (1971) 6th Internat ional  Congress on Hormonal  Steroids, Rome 
13 Geynct,  P., Gallay, J. and Alfsen, A. (1972) Eur. J. Biochem. 31 ,464- -469  
14 Lesslauer, W., Cain, J.E. and Blasie, J.K. (1972) Proc. Natl. Acad. Sci. U.S. 69, 1499--1503 
15 Yguerabide, J. and Stryer, L. (1971) Proc. Natl. Aead. Sei. U.S. 68, 1217--1221 
16 Fcinstein, M.B., Spero, L. and Felsenfiekd, H. (1970) FEBS Lett.  6, 245--248 
17 Badley, R.A., Schneider, H, and Martin, W.G. (1972) Biochem. Biophys. Res. Commun.,  49, 1293--  

1299 
18 Radda,  G ~ .  and Vanderkooi,  J. (1972) Biochim. Biophys. Acta 265, 509--549 
19 Gans, H~J. and Sackmann,  E. (1974) Biochim. Biophys. Acta 339 ,103 - -115  
20 Gulik-Krzwicki, T., Shechter,  E., Iwatsubo,  M., Rank,  J.L. and Luzzati,  V. (1970) Biochim. Biophys. 

Acta 219, 1--10 
21 Collcy, C.M. and Metcalfe0 J.C. (1972) FEBS Lett .  24, 241--246 
22 Traiible, H. and Overath, P. (1973) Biochim. Biophys. Acta 307 ,491 - -512  
23 Shini tzky,  M., Dianoux, A.C., Gitler, C. and Weber, G. (1971) Biochemistry 10, 2106--2213 
24 Gallay, J., Vincent,  M. and Alfsen, A. (1975) Biochim. Biophys. Acta 397, 501--509 
25 Weber, G. and Young, L.R. (1964) J. Biol. Chem. 239, 1415--1423 
26 Stryer, L. (1965) J. Mol. Biol. 13, 482--495 
27 Klotz,  J. (1946) Arch. Biochem. Biophys. 9 , 1 0 9 - - 1 1 7  
28 Lowry,  O.H., Rosebrough,  N J . ,  Farr, A.L. and Randall ,  R J .  (1951) J. Biol. Chem. 193 ,265 - -275  
29 Daniel, E. and Weber, O. (1966) Biochemistry 5, 1833--1900 
30 Rubalcava, B., Martinez de Munoz, D. and Gitler, C. (1969) Biochemistry 8, 2742--2747 
31 Brocklehurst ,  J.R., Freedman,  R.R., Handcock,  D J .  and Radda, G.K. (1970) Biochem. J.  1 1 6 , 7 2 1 - -  

731 



500 

32 Augustin, J. and Hasselbach, W. (1973) Eur. J. Biochem. 35, 114--121 
33 Gitler, C. and Rubalcava, B. (1971) Probes of StructtLre and Funct ion of Macrornolecules and Mem- 

branes, Vol. 1, pp. 311--323,  Academic Press. New York 
• / 

34 Rigaud, J.L., Lange0 Y., Gary-Bobo, C.M., Samson, A. and Ptak, M. (1973) Blochern. Biophys. Res. 
Cornrnun. 50, 59--65 

35 Jendrasiak, G.L. and Hasty, J.H. (1974) Biochirn. Biophys. Acta 337, 79--91 
36 Lussan, C. and Faucon, J.F. (1974) Biochim. Biophys. Acta 345, 83--90 
37 Klose, G. and Stelzner, F. (1974) Bioehim. Biophys. Acta, 363, 1--8 
38 Geynet,  P., De PaiUerets, C. and Alfsen, A. (1975) Eur. J. Biochem., submit ted 
39 Lehrer, S.S. (1967) Biochem. Biophys. Res. Cornmun. 29 ,776 - -772  


