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Summary 

The influence of  melittin and the related 8-26 peptide on the stability and 
electrical properties of  bilayer lipid membranes is reported.  Melittin, unlike the 
8-26 peptide,  has a dramatic influence on lipid membranes,  causing rupture at 
dilute concentrations.  The circular dichroism of melittin demonstrated that  
under physiological conditions, in water, melittin is in extended conformat ion,  
which is enhanced in aqueous ethanol. However in 'membrane-like'  condit ions 
it is essentially a-helical. Secondary structure predictions were used to locate 
possible s-helical nucleation centres and a model  of  melittin was built  
according to these predictions. It is postulated that  melittin causes a wedge 
effect  in membranes.  

Introduct ion 

The principal peptides of  bee venom are the melittins [1--3].  This group of  
strongly basic peptides comprises about  50% of the dried venom and possesses 
a strong haemolyt ic  proper ty  [4].  Indeed, melittin appears to be able to lyse a 
variety of  cell membranes,  including those of  leukocytes  [5],  lysosomes [6] 
and mitochondria  [ 7], as well as artifical lipid membranes [8].  

There are many toxic proteins and peptides that  have been shown to cause 
lysis of  membranes [9].  With some bacterial toxins [10] a complicated 
structural disruption, rather like that  of  complement  haemolysis [11] is 

t M o s t  o f  the artificial m e m b r a n e  e x p e r i m e n t s  w e r e  p e r f o r m e d  by C.R. Dawson,  who was tragically killed 
o n  D e c e m b e r  26, 1975. The d e a t h  o f  th i s  y o u n g  m a n  is a g r e a t  l o s s  t o  h i s  s c i e n t i f i c  c o l l e a g u e s .  
A b b r e v i a t i o n :  LPII , bydrophobic  copolymer  of laurylmethacrylate  and vinylpyrrolidone.  For s t r u c t u r e  
s ee  Ash,  P.S., Bunce, A.S., Dawson,  C.R. and Hider, R.C. (1978) Biochim. Biophys. Aeta 510, 216--229.  
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thought  to be involved, whereas others, like surfactin [ 12], are strongly surface 
active and are thought  to possess a detergent-like activity [13].  This later 
mechanism has been suggested for the mode of action of melittin [8,14] which 
is also highly surface active and experiences strong interaction with phospho- 
lipids [14--16].  However,  there is no simple relationship between surface 
activity and the lytic properties of  melittin and its derivatives [17],  some 
synthetic fragments of melittin retain more than 50% of the surface activity 
of  the parent peptide,  bu t  possess very low haemolytic  potency [18]. In 
particular, a melittin II peptide (7-27) retains most  of the surface activity but  
possesses virtually no haemolyt ic  activity. There are also differences in the 
kinetics and osmotic influences with melittin and detergent-induced haemolysis 
[19].  Furthermore,  melittin-induced haemolysis results in relatively intact 
ghosts, whereas haemolysis induced by many detergents at high concentrat ion 
does no t  yield recognizable ghosts [4].  

Recently,  Shipolini (personal communicat ion)  has isolated a minor fraction 
(0.01% of  dry weight) of  bee venom which corresponds to the 8-26 sequence of  
melittin (Apis mellifera) and, consequently,  contains the highly basic C- 
terminus as well as the majori ty of  the hydrophobic  amino acids. It was 
anticipated that  this peptide would behave like the synthetic melittin II 
fragment (7-27) [18] and, if so, would offer an oppor tuni ty  to establish some 
of the features of  the melittin molecule that  are essential for its baemolyt ic  
properties. 

Materials and Methods 

Chromatographically pure egg yolk  phosphatidylcholine was isolated by the 
method  of  Wren [20].  Cholesterol (British Drug Houses) was recrystallized 
from ethanol. Melittin and the 8-26 peptide,  isolated from Apis rnellifera were 
kindly supplied by Dr. R.A. Shipolini. Melittin was also purchased from Sigma 
Chemical Co. together with polylysine (Mr = 1--4000 and >70  000). The 
polymer  LP H was synthesized by the method of  Ash, Bunce, Dawson and 
Hider [ 21]. 

The vertical bilayer lipid membrane system as described by Ash et al. [21] 
was utilized throughout  this study, in order to determine capacitance and 
electrical resistance of  phosphatidylcholine/cholesterol  membranes. This 
membrane system is extremely susceptible to hydrostat ic rupture and therefore 
the addition of  fractions (1 gl) to the aqueous medium was standardized as 
indicated in Fig. 1. For melittin concentrations of  10 -4 g • ml -t, solid material 
was added to the bathing medium. Using these methods,  control additions 
never caused membrane rupture.  All the results were reproduced at least three 
times and wherever possible, the same fraction of  phosphatidylcholine was 
used, thus ensuring consistency of phospholipid composi t ion of  bilayers for a 
given test. The Teflon sections of  the apparatus were cleaned using chloroform 
in a soxhlet  extractor,  the perspex sections were cleaned in distilled water and 
air dried. All experiments were carried out  at 37.0 ± 0.5°C in the presence of 
sodium chloride (150 mM) buffered to pH 7.4 by Tris (10 mM). With experi- 
ments involving the polymer  LPtI, the following brush mixture was used: 
Phosphatidylcholine (5 mg)/cholesterol (2.5 mg)/LPti  (5 mg)/n-decane (200 ~1). 
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F i g .  1 .  T e c h n i q u e  e m p l o y e d  f o r  t h e  a d d i t i o n  o f  s m a l l  v o l u m e s  o f  f l u i d  t o  o n e  s i d e  o f  a b i l a y e r  l i p i d  m e m -  
b r a n e  p r e p a r a t i o n .  T h i s  m e t h o d  r a r e l y  c a u s e d  h y d r o s t a t i c  r u p t u r e  o f  m e m b r a n e s .  

Circular dichroism measurements  were performed using a Jouan 
Dichrographe CD 1 8 5  (Mark II) or a Jasco J40  CS. The results are expressed 
in terms o f  molto: el l ipticity based on  an average m o n o m e r  molecular  we ight  o f  
110 ,  the  units are degree • cm 2 • mo1-1. Absorpt ion  spectra o f  the  same solu- 
t ions  were recorded with a Cary 17 spec trophotometer .  

Results  

Bilayer lipid membranes. Not surprisingly, initial studies showed that  
melittin, at concentration of 10 -s g • m1-1 caused the rapid rupture of  bilayer 
lipid membranes composed of phosphatidylcholine and cholesterol. A typical 
response is demonstrated in Fig. 2a, where melittin was added to the negative 
side of the membrane (--50 mV). After approximately 1 min the membrane 
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F i g .  2 .  T h e  r u p t u r e  o f  b i l a y e r  l i p i d  m e m b r a n e s  i n d u c e d  b y  m e l i t t i n .  F l a t  b e d  r e c o r d e r  t r a c e s  o f  t h e  v a r i a -  
t i o n  o f  m e m b r a n e  p o t e n t i a l  w i t h  t i m e :  a ,  m e l i t t i n  ( 1 0  -5  g • m1-1)  a d d e d  t o  t h e  n e g a t i v e  s ide  o f  t h e  
m e m b r a n e ;  b ,  m e l i t t i n  ( 1 0  -6  g • m l  - I )  a d d e d  t o  t h e  n e g a t i v e  s ide  o f  t h e  m e m b r a n e ;  c ,  m e l i t t i n  ( 1 0  -5  g • 
m l  - I )  a d d e d  t o  t h e  p o s i t i v e  s i d e  o f  t h e  m e m b r a n e .  
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electrical resistance began to decrease and after a further  1 min the membrane 
ruptured.  During the period between the melitt in addition and subsequent 
membrane  rupture  there was no obvious change in the appearance of the 
membrane  or of  its electrical capacitance. Similar effects were obtained 
th roughout  the concentra t ion range 10-4--10 -6 g • m1-1 but  there was a slight 
delay in the onset  of  the lytic process with lower melittin concentrat ions.  With 
doses of  10-6g • ml -i a decrease in electrical resistance from 5 - 1 0 9  ~2/mm 2 
to 2 .  107~2/mm 2 occurred over a 3 m i n  period, generating a relatively 
permeable membrane which appeared to be very unstable (Fig. 2b). The 
electrical capacitance of  these unstable membranes was always found to be 
similar to that  of the bilayer before melitt in addition. Concentrat ions below 
1 0 - 6 g ' m l  -x failed to  generate reproducible results, presumably due to 
difficulties with the melit t in binding to Teflon and perspex surfaces of  the cell. 
No lytic effects were obtained with concentra t ions  below 10 -8 g • m1-1. When 
melitt in was added to the earth potential  side of the membrane or when no 
electrical potential  was applied to  the membrane,  lysis took  longer to achieve; 
for  instance, at a melit t in concentra t ion of  10-Sg • m1-1 the membrane 
resistance gradually decreased over a period of  12 min, the membrane rupturing 
when the resistance reached a value close to 107 ~2/mm 2 (Fig. 2c). In the 
absence of  additions, or with control  additions, the membrane lifetimes were 
normally well in excess of  1 h. 

Once membranes had been lysed by melittin, a t tempts  were made to reform 
bilayers wi thout  cleaning the cells. Under these circumstances, melitt in would 
be present  in both bathing solutions due to diffusion, which would be fur ther  
facilitated by the cell magnets. In general, such reformed membranes were very 
short  lived, for  instance, reforming membranes in low concentrat ions of 
melitt in (10-6 g • ml -I) resulted in slowly thinning films lasting for approxi- 
mately 10 min (Fig. 3). With higher concentrat ions of melitt in the membranes 
were even less stable. As in the format ion of  normal bilayers, there was an 
initial period when swirling diffraction patterns were observable to reflected 
light, followed by the format ion of  black spots which gradually spread across 
the diffraction pattern.  Normally with phosphat idylcholine/cholesterol  mem- 
branes this phenomenon  lasts for  5--15 s, but  in the presence of melittin, the 
black regions remained localized in the diffraction pat tern until the membrane 
broke (Fig. 3). Membranes of ten persisted in this state for  periods in excess of  
10 min. The phenomenon  was observed in all melitt in experiments,  thus 
indicating that  melit t in slows the drainage of decane during the thinning 
process. 

The 8-26 melitt in peptide (10-4--10 -8 g • m1-1) failed to lyse membranes or 
to have any of  the other  effects repor ted  for melittin. After a number  of  such 
additions, melitt in (10 -5 g • ml -~) would be rout inely added to ensure that  the 
membrane was no t  behaving atypically. Clearly, under  the conditions used, 
the 8-26 melittin peptide is no t  a lytic effector .  Addition of both the high and 
low molecular weight polylysines also failed to produce any observable change 
in membrane resistance or stability in the concentra t ion range 10-4--10 -6 g • 
ml-l. 

When membranes were prepared containing the hydrophobic  polymer  LPxI 
a dramatic difference resulted. In the absence of  melittin, stable membranes 



Action of melittin °n°nes'a" 1 h ~.,,~ rash br°sh m~xture 
50 - applied to aperture 

: K I\ 1 \J Bilayer 
0 -  

I I I I 1 I I 

20 30 40 50 
time [ rnins ) 

79 

l i )  lii) 

Prepainting residue Diffraction patterns over 
entire area 

{iii } (iv) 
~ Intense 
[ ~ \  diffraction 
~ patterns 

BLack 'spots' Black to the reflected light 

Fig. 3. The  e f f e c t  of  me l i t t i n  on  the  t h inn ing  of  b i l aye r  l ipid m e m b r a n e s .  F la t  b ed  r e c o r d e r  t race  of  the  
va r i a t i on  of  m e m b r a n e  po ten t i a l  w i th  t ime .  In i t ia l ly ,  me l i t t i n  was  appl ied  to  one  side of  a h i l ayer  l ipid 
m e m b r a n e ,  a f t e r  lysis a n e w  m e m b r a n e  was  f o r m e d ,  the  m e m b r a n e  was  uns tab le  an d  b r o k e  wi th in  5 ra in .  
The  p r o c e d u r e  was  r e p e a t e d .  The  l o w e r  p o r t i o n  of  the  f igure r ep resen t s  the  s ch ema t i c  a p p e a r a n c e  of  the  
m e m b r a n e  a t  va r ious  s tages ( i )--( iv)  v i ewed  by  re f l ec ted  l ight  us ing a m ic ro sco p e .  The  m e m b r a n e s  n ev e r  
b e c a m e  c o m p l e t e l y  b l ack  to  r e f l ec t ed  fight. 

were formed which possessed lifetimes well in excess of 120 min. When 
melittin was added to the bathing solution on the negative side of  these 
bilayers to a final conentrat ion of 10 -4 g • ml -t rapid rupture of the membrane 
was not  observed. Instead, a slow decrease in electrical resistance occurred 
resulting in rupture 50--70 min after melittin addition (Fig. 4). Thus, the 
stabilizing effect of the polymer [21] dramatically increases the resistance of  
the bilayer to melittin-induced rupture. 

Secondary structure analysis o f  melittin. The secondary structure of  melittin 
(A. melifera) was analyzed by Dufton and Hider's modification [22] of  Chou 
and Fasman's method [23]. The molecule is predicted to possess two extensive 
structured regions separated by a proline 'hinge' (Table I). There were no 
strongly predicted fl-turns. The mean conformational  parameters <P~> and 
<P~> for the predicted nucleation centres of  the melittins isolated from Apis 
dorsata and Apis florea [3] are very similar to those of A. melifera (Table II), 
although A. dorsata melittin would be predicted to possess a 13-turn at peptide 
10-13, associated with serine-10. 

Circular dichroism. The circular dichroism (CD) spectra of melittin in various 
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Fig. 4. The  e f f ec t  of  h y d r o p h o b i c  p o l y m e r s  on  me l i t t i n - i nduced  m e m b r a n e  r u p t u r e .  F la t  bed  r e c o r d e r  
t race of  the  va r i a t ion  of  m e m b r a n e  po ten t i a l  wi th  t ime .  Mel i t t in  (10  --4 g • ml  -~) was  a d d e d  to  the  nega t ive  
side of the  m e m b r a n e .  

solvents are given in Fig. 5. At first sight the CD spectrum in an aqueous solu- 
tion of sodium chloride (150 mM), buffered to pH 7.4 with Tris (10 mM), 
appeared to represent the type of situation discussed by Greenfield and Fasman 
[24] with melittin describable as a mixture of approximately 80% random coil 
with some minor fraction of a-helix and fl-sheet structures. Careful analysis 
reveals this is not  the case. Indeed, Fasman, Hoving and Timasheff [25] have 
cast doubt  on the earlier t reatment.  The increase in CD in ethanolic solution is 
constant  overall wavelengths and, in particular, the increase in the 223 nm 
negative shoulder does not  show a concomitant  decrease in the 198 nm peak, 
leading to positive CD below 200 nm, a condition required, if s-helix or ~- 
sheet were present. On this basis, the Greenfield and Fasman analysis [24] is 
precluded. In fact, the CD spectra of melittin resemble those discussed by 
Fasman et al. [25] who observed CD spectra of films of previously called 
random coil proteins and peptides which were quite different to those in solu- 
tion. More recently,  it has been demonstrated that  this type of  film CD 
spectrum could, under certain circumstances, be seen in solution [26]. It is 
now fully appreciated that  random conformations are better described as 
extended structures [27]. The CD of  melittin in water and aqueous ethanol is 
not  inconsistant with these ideas. 

However, it is clear that  on going from water (e = 80) to 77% aqueous 
ethanol (e = 36) there is a large change in CD, which in turn indicates a change 

T A B L E  II  

E X T E N T  A N D  C O N F O R M A T I O N A L  P A R A M E T E R S  O F  T H E  TWO N U C L E A T I O N  C E N T R E S  IN M E L I T T I N  
M O L E C U L E S  I S O L A T E D  F R O M  D I F F E R E N T  SPECIES OF BEES 

N . T e r m i n a l  reg ion  C-Termina l  reg ion  

-Helix ~-Sheet  s -He l ix  ~-Sheet 

E x t e n t  < P~ ~ E x t e n t  ~ Pfl ~ E x t e n t  ~ P ~  ~ E x t e n t  < P ~  

Apis melifera 2- -11  1 .07  1- -13  1.16 15- -21  1.11 15- -21  1 .15  
Apis dorsata 2--11 1 .05  1- -13  1.13 15- -21  1 ,11  15- -21  1.15 
Apis florea 2--11 1.09 1- -13  1.14 15- -21  1.03 15- -21  1.1S 
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Fig. 5• The  c i rcular  d ich ro i sm a nd  a b s o r p t i o n  spec tra  of  me l i t t in .  T h e  c o n c e n t r a t i o n  of me l i t t i n  was  
1 rag/m1 t h r o u g h o u t .  The  u l t r av io le t  spec t r a  were  u n c h a n g e d  for  the  three  e x p e r i m e n t a l  cond i t ions .  In  
a q u e o u s  so lu t ion ,  in the  a b s e n c e  o f  o t h e r  salts, the  average s o d i u m  d o d e c y l  su lpha te  (SDS) micel le  c o n -  
ta ins  62 m o l ecu l e s  [29] •  Thus ,  u n d e r  t h e  c o n d i t i o n s  o f  the  e x p e r i m e n t ,  the  micel le  : me l i t t i n  m o n o m e r  
ra t io  is 4 : 1. 

in protein conformation wi thout  any evidence for the presence of either a- 
helix or ~-sheet (Fig. 5). In order to obtain a better approximation to the 
hydrophobic membrane environment (e < 10) and also to generate large areas 
of interface, the CD spectrum of melittin was measured in an aquous solu- 
tion of  sodium dodecyl sulphate (25 mg/ml). A remarkable change was 
observed, with all the features associated with the a-helix being observed 
(Fig. 5) [28]. 

Sephadex LH-20 chromatography. The elution volume for melittin was 
determined on a Sephadex LH-20 column equilibrated with water or ethanol/  
water (77 : 23, by vol.). Cytochrome c (Mr = 12 400) and ferrichrome A (Mr = 
1100) were used to calibrate the column (Fig. 6). It  has been established by 
Habermann [4] and Shipolini (personal communicat ion) that  melittin forms a 
tetramer in aqueous solution with a molecular weight of approximately 12 000. 
However, on LH-20 equilibrated with water, melittin is eluted after 
cytochrome c (Fig. 6A). This probably results from the absorption of exposed 
hydrophobic regions of the melittin tetramer on the LH-20 gel. In aqueous 
ethanol, melittin is eluted after the much smaller ferrichrome A molecule. 
Again, adsorption of melittin occurs, but  is unlikely that  adsorption alone is 
responsible for this retention as only one t ryptophan is present on each mole- 
cule [30]. Furthermore,  hydrophobic interaction is likely to be weaker in 
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2 7 0  n m  a n d  f e r r o c h r o m e  A (M r = 1 1 0 0 )  w a s  m o n i t o r e d  at  4 2 5  n m .  C y t o c h r o m e  c w a s  d i s s o l v e d  in  an  
a c i d i f i e d  e t h a n o l i c  s o l u t i o n .  

aqueous ethanol than in water. The most  probable explanation for the 
increased retention observed in aqueous ethanol is that tetrameric melittin 
dissociates to the monomeric  form in media of  relatively low dielectric 
constant.  

Discussion 

The initial interaction between melittin and lipid membranes is probably 
electrostatic, the highly basic C-terminal end forming salt links with the lipid 
phosphate anions. Indeed, at 10 -4 M both melittin and its C-terminal peptide 
(mellitin 20-26)  have profound effects on the mobil i ty of  the phospholipid 
molecules  [16 ,31] .  However, melittin 20-26 does not  possess lytic properties, 
nor, as is shown in this study, do melittin 8-26 or polylysine. Thus the electro- 
static interaction probably serves just to anchor melittin to the membrane 
surface. 

Melittin exists as a tetramer in aqueous solution [4] ,  presumably shielding 
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many of the hydrophobic  residues from the aqueous phase. However, the 
hydrophobic  portions of  the melittin peptide have been shown to enter the 
membrane hydrocarbon matrix as demonstrated by a variety of  spectroscopic 
techniques [ 14,15,32,33].  Thus, the tetramer must  undergo extensive rearrange- 
ment  on the membrane surface. This rearrangement could be triggered by the 
gradation of  the dielectric properties of the immediate aqueous environment of 
the membrane.  A drop in the dielectric constant  from 80 to 10 occurs over a 
distance of  2 nm, corresponding to the Gouy-Chapman layer. The gel permea- 
tion and circular dichroism experiments in 77% ethanol (e = 36, Figs. 5 and 6) 
indicate that  this major rearrangement could be the dissociation of tetrameric 
melittin. 

In view of the amphiphilic properties of  melittin, it is not  surprising to 
find that  it is strongly surface active, forming air-water monolayers both in the 
presence and absence of  lipids [8]. It is tempting, therefore, to equate melittin 
with simple detergents, however,  this concept  does not  explain the total 
absence of  lyric properties by the melittin 8-26 peptide. Clearly, the entire 
length of melittin is required for its toxicity.  Environments of  low dielectric 
constant  favour the a-helical conformat ion over those of random coil [34,35] 
and fl-sheet [36].  Trauble, Middelhoff and Brown [37] have demonstrated a 
large increase in the helical content  of  a lipoprotein, when added to lipid 
bilayers. These concepts are amply demonstrated by the CD results reported in 
this paper, which suggest that  once melittin is anchored on the membrane and 
in an environment similar to the interior of  sodium dodecyl  sulphate micelles, 
it can adopt  an a-helical conformation.  The Chou and Fasman analysis [22,23] 
identified the regions of the melittin molecule with high a-helical tendencies. 
Two clear regions, the segments 2-11 and 15-21, which together amount  to 
65% of  the peptide,  are predicted to be a-helical. A molecular model of 
melittin (Fig. 7), incorporating the predicted a-helical regions, was con- 
structed using the technique of Ashworth and Fieldhouse [38].  The resulting 
'hinge-like' molecule possessed cleer regions of hydrophobic  and hydrophilic 
character. The C-terminal helix is almost completely hydrophobic ,  whereas the 
N-terminal helix is amphipathic,  glycine-3, lysine-7, threonine-10 and 
threonine-11, all being orientated to one side of  the helix. Similar examples of 
amphipathic helices have been demonstrated in a plasma lipoprotein [39] and 
an outer  membrane l ipoprotein isolated from Escherichia coli [40].  The 
hydrophobic  index [41] for the C-terminal helix, together with the hinge 
region and the hydrophobic  port ion of  the N-terminal helix is 3.1 (15 residues). 
This value is higher than those corresponding to the intramembranous domain 
of  the MN-glycoprotein (2.6; 23 residues) [41] and to the hydrophobic  
segment of  a bacteriophage coat  protein (2.9; 19 residues) [41],  although 
somewhat  lower than that corresponding to gramicidin A (2.6; 15 residues) 
[41].  This high value for the hydrophobic  regions of the melittin helices 
suggests that  the most  favourable orientation of  this molecule in a biological 
membrane is of  the type  outlined in Fig. 8. Thus, the melittin molecule would 
be predicted to produce a 'wedge'  effect  known to weaken the bilaminar 
structure of  lipid membranes [42,43] .  Conversion of  melittin to the 8-26 
peptide is associated with the removal of  a region of  relatively low hydro- 
phobic index (1.8) together with two positive charges, thus destroying the 
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Fig. 7. P roposed  s t ruc tu re  for  m e l i t t i n  m o n o m e r ,  w h e n  in t e r ac t ing  wi th  l ipid m e m b r a n e  surface .  (a) Model  
bui l t  wi th  the  A s h w o r t h / F i e l d h o u s e  sys t em [38 ]  as p r e d i c t e d  by  the  Chou  an d  F a s m a n  analysis  p r e s e n t e d  
in Table  I. Leuc ine -13  and  p ro l ine -14  can  be seen in the  h inge  reg ion ,  c o n n e c t i n g  the  t w o  s-hel ica l  
regions.  T r y p t o p h a n - 1 9  is p r o t r u d i n g  f r o m  the second  hel ix .  The  s t rongly  basic C- te rmina l  region,  res idues  
2 1 - - 2 6 ,  is dep i c t ed  as r a n d o m  coil.  (b) S c h e m a t i c  r e p r e s e n t a t i o n  of  the  m o d e l  d e p i c t e d  in (a). The  c=- 
helical  regions  are r e p r e s e n t e d  by  rec tangles .  The  shaded  areas  r e p r e s e n t  the  hyd roph i l i c  regions  of  the  
helices', for  the  N- te rmina l  hel ix ,  the  h y d r o p h i l i c  region con ta ins  g lyc ine-3 ,  a lanine-4,  lysine-7,  t h r eon ine -  
10 and  t h r e o n i n e - l l ;  for  the  C- te rmina l  he l ix ,  the  h y d r o p h i l i c  reg ion  con t a in s  ser ine-18 and  lys ine-21.  
The  u n s h a d e d  reg ions  r e p r e s e n t  the  h y d r o p h o b i c  por t ions .  

elongated amphipathic nature proposed for melittin. As a consequence, the 
8-26 peptide would be expected to be orientated differently in the membrane 
surface (Fig. 8). The presence of  the hydrophobic polymer LPII is likely to 
buffer the wedge effect, as the polymer is thought to accumulate in the mid 
plane of  the bilayer [21].  Thus, the effect of  LPII on lysis time finds a ready 
explanation. 

It has been estimated that approximately 10 phosphatidylcholine molecules 
interact with each melittin molecule [31,44] and that their fatty acyl chains 
are more disordered than those of  the bulk lipids [16].  As made clear by Lee 
[44] this disorder means that the fatty acyl chains adopt a wider distribution 
of  angles with respect to each other than they would in a normal bilayer 
structure. This difference possibly accounts for the increase of  ion permeability 
observed in liposomes and bilayer lipid membranes prior to rupture (Fig. 2 and 
4). The proposed orientation of  melittin in the bilayer (Fig. 8) offers an 
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Fig. 8. P r o p o s e d  o r i e n t a t i o n s  of  m e l i t t i n  a nd  the  8-26 pe p t i d e  in a l ipid m e m b r a n e  surface .  The  d imen-  
sions for  m e l i t t i n  were  ca l cu la t ed  f r o m  the  m o d e l  d e p i c t e d  in Fig. 7a. 
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explanation for the gradation of  fluidity changes observed for the annular lipids 
[14] ,  as the peptide is predicted to enter the membrane hydrocarbon phase to 
a depth of  less than 1 nm. Clearly, melittin would be expected to excert less 
influence over the acyl-chain methyl  terminal ends than the corresponding 
polar ends. 

This unique property of  melittin explains the non-correlation between 
surface activity and haemolytic  activity of  the various melittin derivatives and 
fragments. 
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