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Melittin, the main basic and hydrophobic peptide of bee venom, has been used for solubilizing membrane 
components of the human erythrocyte ghost. Up to 1.0 mM, it does not extract any phospholipid. Between 
0.1 and 1.0 raM, it solubilizes partially glycophorin A and acetylcholinesterase. When the membrane is first 
degraded by phospholipase A2, the solubilization of both proteins by melittin is total, and 48% of the 
phospholipids are removed, mainly as lysoproducts, whereas phospholipase A2, by itself, has no solubilizing 
properties. In its melittin-solubilized state, acetylcholinesterase is in a dimeric form and displays a slow 
time-dependent irreversible inactivation. Triton X-100 at 1.0% (v /v)  interrupts the inactivation. We suggest 
that melittin binds to the hydrophobic site of acetylchoUnesterase which anchors it in the lipid bilayer. 

Introduction 

Melittin, an amphiphilic peptide from bee ve- 
nom, affects various membrane structures. At con- 
centrations ranging from 1.0 nM to 1.0 /~M, it 
penetrates planar lipid bilayers [1] and it orients 
itself in a transbilayer conformation when a volt- 
age is applied across the membrane [2]. In addi- 
tion, evidence was provided that melittin binds to 
hydrophobic surfaces in an a-helical conformation 
in which all hydrophobic residues are placed to 
one side of the helix [3-7]. In solution, melittin, as 
a monomer, can assume a flexible extended con- 
formation, or, as a tetramer, an a-helical structure 
[8,9]. In micromolar concentrations, melittin lyses 
artificial [10] and biological membranes [10-14]. 
Electron microscopy shows that membranes lysed 
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by melittin display both lamellar and amorphous 
structures, without totally disrupting the bilayer 
structure [10]. Melittin also modulates various 
membrane-associated proteins either by perturbing 
the lipid bilayers or by directly interacting with 
them [15-19]. 

Direct interactions between melittin and mem- 
brane proteins have not yet been sufficiently docu- 
mented for the two following reasons: (a) most 
purified membrane proteins still contain bound 
lipids, which makes it difficult to decide whether a 
modulation due to melittin is caused by its interac- 
tion with the lipids or the protein; (b) contamina- 
tion of melittin by a phospholipase A 2 present in 
the bee venom would induce the formation of 
lysophospholipids that also could affect the pro- 
tein. This is of special importance since melittin 
itself activates phospholipase A 2 [20,21]. This 
cumulative effect has been described in erythro- 
cyte lysis [22] and in membrane protein solubiliza- 
tion [23]. 

We studied the effect of melittin totally devoid 



of phospholipase A 2 activity [24] on human 
erythrocyte membranes at concentrations far above 
the lytic amount (>> 10 -6 M). We then compared 
its effects to those obtained with exogenously ad- 
ded bee venom phospholipase A 2. Under those 
conditions, two integral membrane proteins were 
solubilized, namely glycophorin A, the major in- 
tegral sialoglycoprotein which spans the bilayer, 
and acetylcholinesterase, a non-spanning, outside- 
facing, intrinsic protein. Since the latter needs 
hydrophobic interactions to warrant catalytic ac- 
tivity [25,26] and since it is available as a pure, 
detergent-free, protein [27], we further studied 
acetylcholinesterase-melittin interactions using 
both the pure enzyme and that present in extracts 
from melittin-treated ghosts. 

Materials and Methods 

Materials 
Melittin free of phospholipse A 2 was prepared 

as described elsewhere [24]. Acetylcholinesterase 
from human erythrocyte membranes was purified 
into a detergent-free form according to Brodbeck 
et al. [27]. Human erythrocyte ghosts were pre- 
pared from fresh blood according to Dodge et al. 
[28] and used within 48 h. Bee venom phospholi- 
pase A z was purchased from Sigma, and assayed 
according to Nieuwenhuizen [29]. Sodium 
[3H]borohydride (254 mCi/mmol)  was obtained 
from Amersham International (U.K.); fluoro- 
graphic enhancer 'En3Hance ' was from New Eng- 
land Nuclear, and Instagel was from Packard. 

Methods 
3H-labeling of ghosts. This was achieved by the 

general method of Gahmberg and Andersson [30] 
modified in the following way: incompletely 
washed packed ghosts were used as starting 
material, and the remaining hemoglobin was re- 
moved during the subsequent washing procedure. 
All operations were carried out in 7.14 mM sodium 
phosphate buffer/1.0 mM EDTA (pH 7.4). Oxida- 
tion was performed for 10 min at 0°C in the 
presence of 2.0 mM sodium metaperiodate and 
reduction of 1 ml packed ghosts was achieved with 
30/~1 of an NaB3H4 solution (0.48 mCi in 10 mM 
NaOH). Nonincorporated radioactive material was 
eliminated by three consecutive washes. 
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Incubation of ghosts with melittin. Packed ghosts, 
about 5.0 mg protein/ml,  were diluted 10-fold in 
0.1 M Tris-HCl (pH 7.4), containing 1.0 mM 
EDTA or 10 mM CaC12 when phospholipase A 2 
treatment was applied. Unless otherwise stated, 
incubations were performed for 30 min at 37°C. 
When Ca 2+ was added, it was complexed at the 
end of the incubation by the addition of 0.2 M 
EDTA (pH 7.4) (1 /10 of the incubation volume). 
Solubilized material was assessed after centrifuga- 
tion at 4°C either in a Beckman Airfuge (178 000 
× g, 35 min) for volumes smaller than 0.2 ml, or 
in a Beckman L8-80 ultracentrifuge (200000 × g, 
30 min) for larger volumes. In some experiments, 
ghosts were sequentially incubated with phos- 
pholipase A 2 and melittin. The phospholipase- 
treated ghosts were centrifuged (30 000 × g, 40 rain, 
4°C), and the pellet was washed once with the 
incubation buffer containing 1.0 mM EDTA. The 
pellet, resuspended in the original volume of buffer, 
was further treated with melittin, as described 
above. 

Phospholipid analysis. Pellets were resuspended 
by strong magnetic stirring in 1.0 ml distilled 
water. Lipids were extracted according to Reed et 
al. [31] and kept in 0.2 ml chloroform/methanol  
(1:1).  A 50 /~1 aliquot was removed for total 
phosphorus determination [32], and the remaining 
material was analyzed by two-dimensional thin- 
layer chromatography according to Broekhuyse 
[33]. Spots revealed by iodine vapor were scrapped 
off the plate and analyzed for their phosphorus 
content [32]. 

Sodium dodecyl sulfate polyacrylamide gel elec- 
trophoresis. This was performed with the modified 
buffer system of Laemmli [34] applied on a gradi- 
ent of acrylamide. Slabs of 150 x 150 × 1.5 mm 
were used. The running gel, 130 mm, consisted of 
a linear, 12 to 25%, gradient from top to bottom. 
The ratio of methylenebisacrylamide to acrylamide 
was 0.55% in the 12% solution and 0.8% in the 
25% one. The stacking gel, 10 mm, contained 5.5% 
total acrylamide, and the ratio of methylene- 
bisacrylamide to acrylamide was 5%. Samples, 
about 50/tl, were mixed first with 5.0/~1 of 0.1 M 
Tris-HC1/10 mM EDTA/10% SDS/50% su- 
crose/0.5 mg. ml-1 bromophenol blue adjusted to 
pH 8.0, then with 2.5 ~1 fl-mercaptoethanol and 
then kept for 5 min at 100°C. Electrophoresis was 
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pe r fo rmed  at a cons tant  current  of  20 m A  until  the 
dye  pene t ra ted  the running  gel; then the current  
was increased to 60 m A  until  the dye reached the 
bot tom.  The gels were s ta ined with Coomass ie  
blue G 250. F o r  f luorography,  they were t rea ted  
with the au to rad iograph ic  enhancer  ' E n  3Hance' ,  
according to the suppl ier ' s  specif icat ions.  Ex- 
posures  were general ly  pe r fo rmed  for 48 and 96 h. 
Dens i tomet r ic  scanning of  the films was con-  
duc ted  on a Joyce microdens i tomete r  and  plani -  
metr ic  in tegrat ion on a N u m o n i c  integrator .  

Scintillation counting. Samples  (general ly  50 gl)  
were mixed with 2.0 ml of  Instagel  into 3.0 ml 
po lyp ropy lene  tubes and  direct ly  coun ted  in a 
Beckman LS 9000 counter .  Gel  slices were soaked 
for 72 h in 2.0 ml of  Instagel  at room tempera tu re  
and then counted.  

Acetylcholinesterase assay. This was pe r fo rmed  
at  25°C according to El lman et al. [35] in 0.1 M 
sod ium phospha te  buffer  (pH 7.4) conta in ing  
0.05% ( v / v )  Tr i ton  X-100. When  mel i t t in  was 
present  in the samples,  they were preequi l ib ra ted  
with Tr i ton  X-100 for 1 h at room tempera tu re  in 
3.0 ml assay solut ion devoided  of  acetyl th iocho-  
line. Thereaf ter ,  10 #1 of 0.3 M acety l th iochol ine  
were added,  and  the act ivi ty was measured.  

Density gradient centrifugations. Linear  gradi-  

ents, 5 to 30% sucrose in 0.1 M Tr i s -HCl  (pH 7.4) 
/ 1 . 0  m M  E D T A  conta ined  ei ther  Tr i ton  X-100 
(0.1% (v /v ) )  or meli t t in.  Samples  up to 150 #1 
were layered on the gradient ,  and  centr i fugat ions  
were pe r fo rmed  dur ing  16 h in a SW 40 swinging 
bucket  ro tor  at 38000 rpm and 4°C. Frac t ions  of 
250 #1 were col lected from the bo t t om at 4°C. The 
s t andards  used were: horse hear t  myoglob in  (2.04 
S), human  ery throcyte  acetylchol inesterase  (6.5 S) 
and  bovine  liver cata lase  (11.2 S). Myog lob in  was 
assessed spe t ropho tomet r i ca l ly  at 410 nm after  a 
10-fold di lut ion.  Cata lase  was measured  according  
to the supp l i e r ' s  spec i f i ca t ion  a n d  ace ty l -  
chol ines terase  as descr ibed above. 

Results and Discussion 

Degradation and solubilization of membrane phos- 
pholipids 

Ghos t s  were incubated  30 min with meli t t in  
(1.0 mM)  a n d / o r  phospho l ipase  A 2 (0.7 I . U . / m l ) .  
The  insoluble  mater ia l  present  in the pellet  frac- 
t ion was analyzed for phosphol ip ids .  As  shown in 
Table  I, mel i t t in  does  not  p romote  any degrada-  
t ion of  phospho l ip ids  even in the presence of 
Ca  2+, thus rul ing out  any  con tamina t ion  with 
phospho l ipase  A 2. Mel i t t in  is also unable  to 

TABLE 1 

PHOSPHOLIPID CONTENT OF GHOSTS 

0.5-ml packed ghosts were incubated in the presence of phospholipase A 2 and/or melittin. They were sedimented, and their 
phospholipid content was extracted and assessed. The major classes of phospholipids are expressed as percentage of total phosphorus. 

Control 0.7 l.U./ml 1 mM melinin 1 mM melittin Data from 
phospholipase + 0.7 l.U./ml Ref. 33 

phospholipase 

10.3_+0.9 11.3_+1.1 4.9_+0.4 13.7_+ 3.2 
51.5_+4.5 56.5_+5.5 24.5_+2.0 68.5_+16.0 

Total phospholipids a (# M): 
(nmol): 

Major classes of 
phospholipids (%) 

Sphingomyelin 25.6 30.0 
Phosphatidylcholine 31.4 0.7 
Lysophosphatidylcholine - 24.5 
Phosphatidylethanolamine 27.5 0.9 
Lysophosphatidylethanolamine - 19.0 
Phosphatidylserine 13.2 6.7 
Lysophosphatidylserine - - 

46.8 25.9 25.8 
0.4 31.2 28.3 

30.6 - 1.4 
- 32.5 26.7 

19.7 
2.5 9.7 12.7 

a Total phosphorus extracted corrected for material remaining at the origin of the chromatography. 



solubilize any phospholipid. This demonstrates that 
this peptide does not act on biological membranes 
like a conventional detergent. As was previously 
mentioned by others [37], the phospholipase A 2, 
although it degrades most o f  the major phos- 
pholipids, does not disrupt the bilayer structure of 
the membrane, and lysoproducts are not released 
in the medium. If  phospholipase A 2 and melittin 
are applied successively or simultaneously, then a 
loss of 48% of the lipid-bound phosphorus is 
observed, indicating a solubilization of lysoprod- 
ucts. In all experiments, further incubation up to 3 
h does not change the results. 

Solubilization of proteins 
Fig. 1 shows that melittin alone, or together 

with phospholipase A 2, causes a partial solubiliza- 
tion of the proteins stained as a double faint band 
in the region of band 4.1. The solubilization of 
band 6 (glyceraldehyde-3-phosphate dehydro- 
genase) observed even in the controls, can be 
attributed to the enhancement in ionic strength 
encountered by the ghosts in the incubation buffer 
[38]. The other major proteins are not solubilized. 
Melittin is observed as a broad spot at the bot tom 
of the gel. The phospholipase A 2 alone does not 
promote any protein solubilization. 

The effect of melittin a n d / o r  phospholipase A 2 
on ghosts membrane sialoglycoproteins was studied 
using the periodate-borohydride method of Gahm- 
berg and Anderson [29]. This allowed us to label 
selectively the proteins displaying a high sialic acid 
content, i.e., the glycophorin family, leaving the 
other glycoproteins almost unlabeled. 12% of the 
total labeling is bound to the glycolipid fraction 
(data not shown) and is washed off the gels during 
the processing for fluorography. Melittin induces a 
concentration-dependent solubilization of sialo- 
glycoproteins (Fig. 2A). When the ghosts are first 
treated with phospholipase A 2, the consecutive 
solubilization by melittin is much more effective 
(Fig. 2B). Under  these latter conditions, a maximal 
effect is already noticed at 0.15 mM melittin. 
Identical results are observed after simultaneous 
incubation with phospholipase and melittin. 

After treatment with both agents, the sialogly- 
coproteins were analyzed on sodium dodecyl 
sulfate-gel electrophoresis. Densitometric scans of 
the fluorographs show that most of the 3H-labeled 
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Fig. 1. Sodium dodecyl sulfate gradient-gel electrophoresis of 
ghost proteins stained with Coomassie blue. Incubation of 
ghosts with phospholipase A 2 and/or melittin was performed 
as described in Materials and Methods. The pellets and super- 
natants were analyzed on polyacrylamide gradient-gels. Ghost 
proteins are identified in the left margin according to the 
nomenclature of Steck [36]. Hb, hemoglobin; ME, melittin. 
Lanes A to E plus G, ghosts; lanes H to K, supernatants; lanes 
A and G, controls before incubation; lanes B and H, controls 
after incubation; lanes C and I, samples treated with phos- 
pholipase (1 l.U./ml); lanes D and J, samples treated with 
melittin (1.0 mM); lanes E and K, samples treated with both 
melittin (1.0 mM) and phospholipase (1.0 I.U./ml); lane F. 
standards (myosin, 200 kDa; fl-galactosidase, 116.5 kDa; phos- 
phorylase B, 92 kDa; bovine serum albumin, 66.2 kDa; 
ovalbumin, 45 kDa; carbonic anhydrase, 31 kDa; soybean 
trypsin inhibitor, 21.5 kDa; lysozyme, 14.4 kDa). 

sialoglycoproteins are solubilized at 0.1 mM melit- 
tin (Fig. 3) and that the solubilized proteins migrate 
in the band I. (We identified the sialoglycoprotein 
bands on electrophoresis according to the nomen- 
clature used by Steck for periodic acid-Schiff 
stained proteins [36], using roman numerals.) This 
band comigrates with the solubilized 4.1 band 
observed after Coomassie blue staining. A con- 
comitant decrease in the sedimentable band I and 
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Fig. 2. Solubilization by melittin of ghost sialoglycoproteins. 
3H-labeled ghosts were incubated in the presence of increasing 
concentrations of melittin and centrifuged. Each point repre- 
sents the counts found in the supernatant.  Total counts were at 
least 15000 cpm (100% value). (A) Ghosts incubated with 
melittin in the presence of either 10 mM  CaCI/ (A)  or 1.0 mM 
EDTA (,x). (B) treatment of ghosts with phospholipase A 2 (1.0 
I .U. /ml)  preceding (U) or simultaneous with (H) melittin addi- 
tion. 

II is observed, and, within experimental errors, the 
sum of the peak areas corresponding to pellet and 
supernatant remains constant. Since bands I and 
II contain glycophorin A dimer and monomer, 

respectively [38], our results indicate a dimeriza- 
tion of glycophorin A during its solubilization. 
Such an aggregation should not be interpreted as a 
direct effect of melittin, and may occur later after 
the solubilization step. Band I! and lII proteins 
are only partially solubilized. Since they contain 
glycophorin B [38], we conclude that melittin and 
phospholipase A 2 partially solubilize glycophorin 
B, whereas glycophorin A is totally solubilized. 
The data on the band IV protein are difficult to 
interprete, due to the low proportion of this 
material. 

Solubilization of the membrane acetylcholinesterase 
The solubilizing effect of melittin was tested on 

acetylcholinesterase, an integral protein of the 
membrane. Fig. 4 shows that melittin solubilizes 
this enzyme in the same range of concentrations as 
those that are effective for the solubilization of the 
sialoglycoproteins. However it exhibits a different 
concentration dependency. Below 0.2 mM melit- 
tin, the release of acetylcholinesterase is inferior to 
5%, whereas under those conditions, 28% of the 
glycophorin A is in the soluble fraction. When 
higher concentrations of melittin are used, the 
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Fig. 3. Densitometric scans of fluorographs obtained after 
sodium dodecyl sulfate gradient-gel electrophoreses of 3H- 
labeled ghost sialoglycoproteins. 3H-labeled membranes were 
first treated by phospholipase A 2 (1 I .U. /ml) ,  then incubated 
with increasing concentrations of melittin and centrifuged. (A) 
Pellets; (B) supernatants.  The gels were exposed for 48 h. 
Arabic numbers indicate the millimolar concentration of melit- 
tin; roman numbers relate to the protein pattern defined by the 
periodic acid-Schiff nomenclature of Steck [36]. 
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Fig. 4. Ghost acetylcholinesterase solubilization by melittin. 
Ghosts  were incubated with increasing concentrations of melit- 
tin, centrifuged and assayed for acetylcholinesterase activity in 
the presence of 0.05t~ (v/v)  Triton X-100. Values are expressed 
as the percentages of the activity of the samples devoid of 
melittin. (A) Ghosts  incubated with melittin in the presence of 
either 10 mM CaCl 2 ( t  A) or 0.1 mM EDTA (O, z~). Activity 
in the supernatant,  zx and A. Activity in the ghost suspension, [] 
and i .  (B) Ghosts incubated with melittin after treatment with 
phospholipase A 2 (1 I .U. /ml) .  Activity in the supernatant,  © 
and o. Activity in the ghost suspension, ~ and ~ .  Closed 
symbols (O and ~ )  are related to sequential treatment by 
phospholipase A 2 and melittin, open symbols (O and ~ )  refer 
to simultaneous treatment with these two reagents. 



acetylcholinesterase solubilization is more pro- 
nounced and becomes comparable to that of gly- 
cophorin. This irregular behavior may be due to 
the fact that melittin has to reach a critical con- 
centration within the lipid bilayer in order to 
destabilize the interaction of the enzyme with its 
hydrophobic surrounding, may it be lipids or pro- 
teins• The absence of parallelism between the 
extraction curve of those proteins suggests that no 
interaction exists between them in the membrane• 
The solubilization of the acetylcholinesterase is 
enhanced when the membrane is first digested 
with phospholipase A 2 (Fig. 4B). A maximal 
solubilization is reached at 0.2 mM melittin. Those 
experiments also show that the total enzyme activ- 
ity decreases along with its solubilization, the solu- 
ble form being unstable• 

Since acetylcholinesterase exists in different 
states of aggregation, the molecular forms of the 
melittin-induced solubilized enzyme were studied, 
using purified human erythrocyte acetylcho- 
linesterase. The enzyme was incubated for 30 rain 
at 37°C in the presence of 1.0 mM melittin and 
analyzed on gradients of sucrose containing fixed 
concentrations of melittin throughout the gradient 
(Fig. 5). At high concentrations of melittin (over 
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Fig. 5. Sucrose density gradient centrifugation of purified 
acetylcholinesterase. The enzyme was incubated for 30 min at 
37°C in 0.1 M Tris-HC1/1.0 mM EDTA (pH 7.4) in the 
presence of 1.0 mM melittin and 2.5 to 2.8 I.U. were applied 
onto 5 to 30% sucrose gradients containing (A) 0.1% (v/v) 
Triton X-100; (B) buffer only; (C) 0.01 mM melittin; (D) 0.1 
mM melittin; (E) 0.5 mM melittin. Arrows indicate the posi- 
tions of the standards in 0.1% (v/v) Triton X-100: catalase, 
11.2 S; pure erythrocyte membrane acetylcholinesterase, 6.5 S; 
horse heart myoglobin, 2.0 S. 
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0.1 mM) the enzyme sediments at 8 S as a single 
species• This indicates that melittin dissociates the 
high-molecular-weight aggregates of the enzyme 
preparation [27]. The decrease of the melittin con- 
centration to 0.01 mM in the gradient reveals a 
partial aggregation (main peak at about 11 S; a 
tetrameric form of the enzyme would sediment at 
10 to 11 S [44]) with a significant loss of activity. 
Triton X-100 in the gradient changes the 8 S value 
due to melittin into 6.5 S, a value which corre- 
sponds to that of the disulfide-linked dimer [26]. 
F r o m  those  resu l t s  we c o n c l u d e  t ha t  
acetylcholinesterase is solubilized in a dimeric state 
with additional melittin molecules bound, stabiliz- 
ing the enzyme• When the acetylcholinesterase is 
directly solubilized from the membrane by melittin 
and loaded onto the gradients, similar results are 
obtained, although the resolution and homogenei- 
ties are lower, due to low enzyme recoveries and 
possible interactions with contaminating mem- 
brane constituents• 

Effect of melittin on the acetylcholinesterase actioity 
Since melittin extraction decreases the activity 

of acetylcholinesterase, we studied further this 
modulation, using the purified enzyme• In pre- 
liminary experiments, we observed that melittin 
i n h i b i t s  s l i g h t l y  a n d  r e v e r s i b l y  the  
acetylcholinesterase, and that dilution of the sam- 
ple into an excess of Triton X-100 reactivates the 
enzyme within several minutes (data not shown)• 
Accordingly, in order to look at the irreversible 
inactivation, we took aliquots of the melittin- 
acetylcholinesterase incubate at the indicated time 
and diluted it in Triton X-100, as described in 
Materials and Methods. Under these conditions 
the detergent prevents any further inactivation and 
relieves the reversible inhibition. At 37°C, a time- 
dependent inactivation is observed in the presence 
of 1.0 mM melittin with an apparent half-inactiva- 
tion time of 80 rain (Fig. 6). The kinetics of 
inactivation exhibit a significant deviation from a 
first-order law and is independent of the melittin 
concentration within the range of 0.01 to 1.0 mM. 
This inactivation is, however, strongly dependent 
on the temperature, and no significant loss of 
activity can be observed at 4°C during several 
hours (data not shown). 

The addition of 0.1% Triton to an incubation 
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medium containing 1.0 mM melittin does not af- 
fect the inactivation rate. However, when the de- 
tergent is raised to 1.0%, the inactivation is im- 
mediately interrupted (Fig. 6). The acetylcholin- 
esterase, in the presence of 0.1% Triton X-100, 
with or without melittin at low concentrations (less 
than 0.1 mM), remains fully active. Those experi- 
ments may be interpreted in the following way. 
The inactivation is caused by the dissociation of 
melittin from the hydrophobic anchoring site of 
the enzyme. It is well known that this site must be 
occupied by amphipathic compounds in order to 
sustain the catalytic activity, and that the removal 
of the anaphiphile induces an inactivation within 
seconds [25,26]. In this case, it seems that the 
inactivation rate of the enzyme not interacting 
with melittin is much greater than its association 
rate with melittin. Triton X-100 prevents the de- 
naturation by replacing rapidly melittin on the 
same site. 

The fact that Triton X-100 must be far above 
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Fig. 6. Time-course of the melittin-induced inactivation of 
acetylcholinesterase. Purified acetylcholinesterase was diluted 
to 60 I.U./ml in 0.1 M Tris-HCl (pH 7.4)/1 mM EDTA/1 
mM melittin and preincubated (30 rain, 37°C). At zero time it 
was diluted 100-fold within the same buffer containing either 1 
mM melittin (13) or 1 mM melittin plus 0.1% (v/v) Triton 
X-100 (It). At the time point indicated by the arrow, Triton 
X-100 was increased to a final concentration of 1.0% (v/v). In 
order to measure only the irreversible inactivation, the enzyme 
activity was assayed after 60 rain preequilibration in 0.05% 
(v/v) Triton X-100. 

its critical micellar concentration (0.02%) in order 
to protect the enzyme in the presence of high 
concentration of melittin, is due to the high affin- 
ity of melittin for detergents [40,41]. When the 
molar ratio of Triton X-100 to melittin is close to 
1, most of the molecules of detergent bind to the 
peptide and there is not enough free detergent for 
stabilizing the acetylcholinesterase (at 0.1% (v/v) 
Triton X-100 and 1.0 mM melittin, the average 
molar ratio of these two substances is about 1.5.). 

Although the binding of melittin is likely to be 
hydrophobic, electrostatic interactions cannot be 
excluded, since acetylcholinesterase has a rather 
acidic isoelectric point [42]. To the present knowl- 
edge, neither acetylcholinesterase nor glycophorin 
A do show any interaction with the cytoskeleton, 
whereas the other membrane proteins herein 
studied are associated with the spectrin-actin net- 
work [43]. The release of both of those proteins 
may indicate that melittin perturbs the membrane 
without affecting the architecture of the cytoskele- 
ton nor extracting any lipid into micelles, and 
allows the release of those proteins that are free to 
diffuse within the plane of the membrane. Its 
mechanism of action is still unknown and may 
involve both a complexation of the lipids within 
the membrane-releasing proteins and a direct in- 
teraction with those proteins. From this study, it 
follows that melittin, used as a solubilizing agent, 
displays more selective properties than a conven- 
tional detergent. 
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