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Haemolytic  Activity and Action on the Surface Tension of Aqueous Solutions of Synthetic Melittins 
and their Derivatives ~ 

I n v e s t i g a t i o n s  of t h e  p h a r m a c o l o g i c a l  ac t ions  of bee  
v e n o m  h a v e  s h o w n  t h e  p re sence  of t w o  d i f f e ren t  h a e m o -  
lyr ic  pr inciples .  One  of  t h e m ,  p h o s p h o l i p a s e  A, is on ly  in-  
d i r ec t ly  a c t i v e  b y  t h e  f o r m a t i o n  of lyso lec i th in  f rom leci- 
th in .  T h e  second  pr inc ip le ,  me l i t t i n ,  haemol izes  e r y t h r o -  
cy tes  d i r ec t ly  a n d  does  n o t  work  w i t h  l e c i t h in  t. 

T h e  s t r u c t u r e  of t h e  h e x a c o s a p e p t i d e  m e l i t t i n  was  elu-  
c i d a t e d  b y  HABERMANN a n d  JENTSCH ~, D u r i n g  t h e  eluci-  
d a t i o n  work  f r a g m e n t s  were  f o u n d  w h i c h  a re  n o t  in  agree-  

Melittin I: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

H-Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu- Pro- 
15 16 17 18 19 20 21 22 23 24 25 26 

Ala-Leu-Ile- Ser-Trp-Ue-Lys-Arg-Lys-Arg-Gln-Gln-N H~ 

Melittin II : 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

H-Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro- 
15 16 17 18 19 20 2X 22 23 24 25 26 27 

Ala-Leu-Ile-Ser-Trp-Ile- Ser-Arg-Lys-Lys-Arg-Gln-Gln-NH~ 

Fig. 1. Structure of melittin I and II. 

17 18 19 20 21 22 23 24 25 26 
lie Svr It lie Gin Oin 

t 
lBu 

Zl/tBu 
tBu 

H / 

/B0c /Hz 
/B0c /H; 

/B0c /H; 

/O0c /H~ 

/Boc /H~ 
/ B0C /H~ 
fl0c /H~ 

/B0c ~,H~ 

/eoc /H~ 

/B0c /H~ 

I I H + /B0C / Z 

,B0c , , ;  

/Bo  ,,; 
,Boc ,H~ 

,HI 
,Boc ,H~ 

H; 
,eoc H~ 

Boc ,H~ 

,Boc ,H~ 

~Hz 

NHz 
NHz 

NH2 

NHz 

NH z 

NHz 

NH2 

NHz 
NHz 
NHz 

Z OH 

Z 

Z ONP P, 

7 

)TCP II 

tBu / 
/tBu 
tBu 

IBu 
I 

tBu / 

tBu / 

1~ /.. ui~r fl 
z 

3 H 

Fig. 2. Synthesis of melittin Sequence 15-26. 

Boc tBu Boc Boc 
Boc-I ~ 14-OH H-15 I I 26_NH 2 

Boc tBu Boc Boc 
BOC-1 ~ I I . l 26-NH 2 

H-I. 26-NH~ 

Gel filtration [ Ammonium acetate 
Sephadex G 50 ~ 0.03 molar, pH 5.5 

Chromatography [ Ammonium acetate, pH 4.0 
CM-Cellulose ~ 0.001-0.6 molar 

Melittin I 
Amino acid analysis: 

Gly~.ss, Iles.0o, Ala2.0,, Val=.0,, Leus,90, Lyss,00, Thrla6, Pro0.97, Sere.s=, 
Argl.7,, Gluz.0o. 
Fig. 3. Synthesis of melittin I and purification procedure. 

mer i t  w i t h  t h e  s t r u c t u r e  of me l i t t i n .  Therefore ,  a c o n t a m i -  
n a t i o n  w i t h  s imi l a r  p e p t i d e s  was  a s s u m e d  a n d  a s t r u c t u r e  
for  one  of  t he se  pep t ides ,  ca l led  m e l i t t i n  II ,  was  p roposed  
(F igure  1). 

B o t h  m e l i t t i n s  c o n t a i n  a long  h y d r o p h o b i c  N - t e r m i n a l  
p e p t i d e  c h a i n  a n d  a s t r o n g l y  h y d r o p h i l i c  C - t e r m i n a l  p a r t .  
S u c h  s t r u c t u r e s  a re  t y p i c a l  for  ca t ion ic  sur face  a c t i v e  
c o m p o u n d s .  Therefore ,  bes ide  i t s  h a e m o l y t i c  a c t i v i t y ,  
m e l i t t i n  is c a p a b l e  of lower ing  t h e  sur face  t e n s i o n  of aque -  
ous  so lu t ions .  A c o m p a r i s o n  of t h e  s y n t h e t i c  m e l i t t i n s  as 
well  as  t h e i r  p a r t i a l  sequences  in  b o t h  t e s t s  shou ld  give 
ev idence  as to  w h a t  e x t e n t  a co r r e l a t i on  ex i s t s  b e t w e e n  
b o t h  ac t iv i t ies .  

a) Syn thes i s  of m e l i t t i n s  : Me l i t t i n  I was  syn thes i zed  v ia  
t h e  p a r t i a l  sequences  1-14 a n d  15-26.  The  syn thes i s  of t h e  
f r a g m e n t  15-26 s t a r t i n g  w i t h  t he  C- t e rmina l  h e x a p e p t i d e  a 
is s h o w n  in  F igu re  2. Coupl ing  of t h i s  d o d e c a p e p t i d e  w i t h  
t h e  N - t e r m i n a l  t e t r a d e c a p e p t i d e  ~ led to  t h e  p r o t e c t e d  me-  
l i t t in .  Af te r  r e m o v a l  of t he  p r o t e c t i n g  g roups  b y  r e a c t i n g  
w i t h  t r i f luo roace t i c  ac id  t h e  pu r i f i c a t i on  was car r ied  o u t  
b y  gel c h r o m a t o g r a p h y  a n d  ion e x c h a n g e  c h r o m a t o g r a p h y  
(Figure  3). T h e  s y n t h e t i c  p e p t i d e  has  t h e  ful l  h a e m o l y t i c  
a c t i v i t y  of n a t u r a l  me l i t t i n .  F o r  50% h a e m o l y s i s  1.3 to  
1.5 ~g /ml  of t h e  s y n t h e t i c  p r o d u c t  a n d  1.5 v g / m l  of t h e  
n a t u r a l  p r o d u c t  a re  neces sa ry  ( ca lcu la ted  on  t h e  p e p t i d e  
c o n t e n t  of t he  l yophy l i zed  m a t e r i a l  accord ing  to  t h e  a m i n o  
ac id  analys is) .  F o r  f u r t h e r  c o m p a r a t i v e  s tud ies  w i t h  n a t i v e  
a n d  s y n t h e t i c  m e l i t t i n  see E .  HAB~RMANN a n d  G. ZEU- 
NI~R ~. 

Mel i t t i n  I Y w a s  syn the s i zed  v i a  2 d i f f e ren t  rou tes .  T h e  
s y n t h e s i s  of t h e  C - t e r m i n a l  t r i d e c a p e p t i d e  15-27 is s h o w n  
in F i g u r e  4. I n  t h e  f i r s t  r o u t e  t h e  s equence  1-27  was  ob-  
t a i n e d  b y  coup l ing  t h e  C - t e r m i n a l  f r a g m e n t  w i t h  t h e  
N - t e r m i n a l  t e t r a d e c a p e p t i d e  t - I  4, ana logous ly  to  t h e  syn-  
thes i s  of m e l i t t i n  I. I n  t he  second rou t e  t h e  C - t e r m i n a l  
f r a g m e n t  was  f i rs t  e l onga t ed  b y  t h e  sequence  7-14.  T h e  
s y n t h e s i s  of t h i s  f r a g m e n t  is s h o w n  in F igu re  5. 

Af te r  r e m o v a l  of t h e  N - t e r m i n a l  0 - n i t r o p h e n y l s n l f e n y l  
g roup  t h e  u n i c o s a p e p t i d e  was coupled  w i t h  t h e  f r a g m e n t  
1-6. Deb lock ing  w i t h  t r i f luo roace t i c  ac id  a n d  p u r i f i c a t i o n  
led to  t h e  p u r e  m e l i t t i n  I I .  Th i s  syn thes i s  is s u m m a r i z e d  in 
F igu re  6. The  s y n t h e t i c  m e l i t t i n  I I  shows t h e  s ame  h a e m o -  
lyr ic  a c t i v i t y  as n a t u r a l  or  s y n t h e t i c  m e l i t t i n  I. 

b) S t r u c t u r e  a c t i v i t y  r e l a t i onsh ip  in t he  m e l i t t i n  field : 
The  resu l t s  of t he  t e s t s  of t h e  h a e m o l y t i c  a c t i v i t y  ~ as wel l  
as t he  ac t ion  on  t h e  surface  t en s ion  of aqueous  so lu t ions  of 
t h e  m e l i t t i n s  a n d  t h e i r  p a r t i a l  sequences  are  compi l ed  in  
t h e  Table .  I n  t h e  h a e m o l y t i c  tes t ,  bes ides  b o t h  me l i t t i n s ,  
on ly  a few c o m p o u n d s  Show a sma l l  a c t i v i t y  ( sequence  
7 -27  a n d  sequence  15-26).  T h e  a c t i v i t y  of these  sequences  
could  be  inc reased  b y  b lock ing  t h e  N*-amino  g roups  of t h e  
lys ine  res idues  in  pos i t i on  7, 23 a n d  24 as  wel l  as  in  pos i t i on  
21 a n d  24. All  o t h e r  c o m p o u n d s  a re  inac t ive ,  whe rea s  m o s t  

t Peptide Syntheses XLVII, 3rd Communication on melittin. 
= W. N~UMA~CH and E. HAB~RMA~N, Arch. exp. Path. Pharmak. 

222, 367 (1954). 
3 E. HABERMANN and J. J~Nmscn, Z. physiol. Chem. 3d8, 37 (1967). 
a K. LOBxE and E. SCHRODER, in Peptides (Ed. E. BEYERMANN; 

North Holland Publishing Company, Amsterdam 1967}. 
5 K. L~JBKE, Justus Liebigs Amfln Chem. 702, 180 (1967). 
= E .  HABERMANN and G. Zt~UNER, in press. 
7 We thank Mrs. E. RITTER from our Dept. Biological Chemistry 

(Dr. E. Gerhards) for the haemolytic tests. 
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Fig. 4. Synthesis of mel i t t in  I I  sequence 15-27. 
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Fig. 5. Synthesis of melittin Sequence 7-14. 
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Fig. 6. Synthesis of melittin II. 

of t hem have  a s t rong ac t i v i t y  on surface tension. The  only 
in t ima t ion  of a re la t ionship  be tween  the  haemoly t ic  and 
the  surface tens ion  ac t iv i ty  c a n  be seen in the  C-terminal  
par t ia l  sequences.  Bo th  act iv i t ies  are increased by  blocking 
the  Ne-amino groups of the  lysine residues. 

Summar i z ing  these  resul ts  i t  mus t  be  s ta ted  t h a t  t he  
behav iour  as a typ ica l  ca t ionic  surface ac t ive  compound  
cannot  be  the  on ly  exp lana t ion  for the  haemoly t i c  ac t iv i ty ,  
bu t  o ther  s t ruc tura l  features  mus t  be of importance .  HA- 
BERMANN and KOWALLEK s, by  modif ica t ion  of the  func- 
t ional  groups of na tu ra l  mel i t t in ,  also reached the  same 
conclusion. 

Zusammenlassung. Meli t t in  I und I I  wurden  auf  ver-  
schiedenen VVegen dureh  F ragmen tkondensa t i on  synthe-  
tisiert.  Beide  Verb indungen  sowie ihre Tei lsequenzen wur-  

den  auf ihre h~imolytische Ak t iv i t~ t  und auf  ihre W i r k u n g  
auf  die Oberfl~ichenspannung wRssriger L6sungen  unter -  
sucht.  Die Ergebnisse  zeigen, dass neben der  OberflRchen- 
akt iv i tAt  noch andere  S t r u k t u r m e r k m a l e  fiir die hAmo- 
tyt ische Ak t iv i t~ t  ve ran twor t l i ch  sind. 

E.  SCHRODER, K. LI3BKE, 
M. LErlMANN and  I.  BEETZ 

Forschungs-Laboratorien der Schering AG, 
Dept. /iir Arzneimittelchemie, 
D-1 Berlin 65 (Germany), 8 February 1971. 

s E. HABERMANN and H. KOWALLEK, Z. physiol. Chem. 351, 884 
(1970). 

I s o l a t i o n  a n d  S t r u c t u r e  of  N a - F o r m y l  M e l i t f l n  t 

I n  connect ion  wi th  our  synthesis  in t he  met i t t in  field, 
na t ive  me l i t t i n  (Figure 1) was isolated f rom bee venom.  
A first  separa t ion  was possible by  gel f i l t ra t ion on Sepha- 
dex G50 in 0.03 M a m m o n i u m  ace ta te  buffer  p H  5.5. 
The  eff luent  was recorded on a f lowcell  pho tome te r  a t  

254 nm (Figure 2). The  ind iv idua l  tubes  were pooled and  
the  resul t ing fract ions checked by  paper  electrophoresis .  
By  compar ison  wi th  an au then t i c  sample  of me l i t t i n  * t he  
more  rapid ly  migra t ing  compound  in  f rac t ion  4 could be  
ident i f ied as mel i t t in .  The  second more  s lowly mig ra t ing  




