
15 
Ala 
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16 17 18 
Lou lie Set 

19 20 
Ils 

21 
Ser 

ZONP 

Z 

2 OEP H 

2 

I Z 

Z 

Z ONP H 

Z 

H 

L 

Z 

N3 H 

"3 

Fig. 4. Synthesis of mel i t t in  I I  sequence 15-27. 

22 
Ar 

23 24 

ii 
H" / 2 /B0c 

H" /Boc / 2 

H ÷ /Boc / Z 

H* /Boc i Z 

H + /Boc / 2 

H* /Boc / z  

/H~ /Boc 
H" / Z /Boc 

H + /Boc / 2  
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25 28 27 Haemolytic activity and action on surface tension of aqueous 
Qin Oin solutions of melittins and their partial sequences 

H ÷ /B0C / Z 

~Soc H; 
H + /BOC ,- Z 

i3oc 
H + /Boc / Z 

floc ,H~ 
~Boc ~H*z 

 8o: 2; 
H + L/BOc / z 

7 8 9 10 1t 12 13 14 
Lys rot Leu Thr Thr Leu Pro 

NHz 

NHz 

NHz i- 
1. 

NH~ 

N~{2 

NHz 

NHz 

NHz 

HHz 

NHz 
1, 

Haemolytic Surface 
activity activity 
(%) (%) 

.26 
27 

7- 27 

t00 100 
100 110 

3 70 
Bee Bee  Boc 

7 . 2 3 - - 2 4  27 6 120 

15 .26 1 5 

Bee  Bee  
15,  2 1 - - 2 3  26 5 100 

18 .27 inac t ive  inac t ive  

Boc Boc 
23--24  27 - 65 

Boc Bee 
21--23 26 1 70 

20 inactive J 10 
20 inactive 90 

,14 inactive 8 
• 14 inactive 50 
34 inactive inactive 

18 

18 

NPS ~oc  U 

NPS/Boc 

NPS ~Boc 

NPS/Boc 

NPS/Boc 

Z~IH B , /tBu U 
8Me #l  

}Bu /tBu 
OMe Z 

/tBu b/tBu 
0H " ii ;B. )e0 

)B. ?B. 
Fig. 5. Synthesis of melittin Sequence 7-14. 

OMe 

OMe 

OMe 

OMe 

OMe 

OMe 

OH 

Boc-1 

Boo-1 
H-l. 

Boc tBu tBu Boc Boc 

NPS-7 I l [ 14-0H H-15 [ I 27.NH 2 
Boc tBu tBu Boc Dec 

NPS-TJ 1 [ ........... 1 1 27-NH s 
Boc tBu tBu Boc Bee 

6-OH H-7 [ t I. I ...1 ............. 27-NH~ 
Boc tBu tBu Boc Boc 

.............. I [ [ .... I J ................ 27-NH z 
.27-NH s 

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 u n d  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  
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c o m p o u n d  in t h i s  f r ac t i on  is also p r e s e n t  in f r ac t ion  3, 
i n d i c a t i n g  a h ighe r  mo lecu l a r  we igh t  t h a n  t h a t  of me l i t t in .  
F r o m  tile e lu t ion  c u r v e  t h e  e l a t i on  vo lume  for b o t h  com- 
p o u n d s  was  t a k e n  a n d  t h e  mo lecu l a r  size was e s t i m a t e d  
b y  c o m p a r i s o n  w i t h  a s t a n d a r d  curve .  A molecu la r  w e i g h t  
of a b o u t  6000 for  m e l i t t i n  a n d  of a b o u t  12,000 for  t h e  
more  s lowly m i g r a t i n g  c o m p o u n d  was  found.  Su rp r i s ing ly  
a r e p e t i t i o n  of t h e  gel f i l t r a t i o n  w i t h  f r ac t i on  4 d id  n o t  
r e su l t  in  a s epa ra t i on .  B o t h  c o m p o u n d s  were  e l u a t e d  
s i m u l t a n e o u s l y  showing  a molecu la r  w e i g h t  of 6000. S u c h  
a c h a n g e  in t h e  s t a t u s  of agg rega t ion  d u r i n g  t h e  i so la t ion  
of m e l i t t i n  was  also r e p o r t e d  b y  HABERMANN a n d  REIZ 3. 

T h e  s e p a r a t i o n  of b o t h  c o m p o u n d s  was poss ib le  b y  
C M C - c h r o m a t o g r a p h y  us ing  a n  a m m o n i u m  a c e t a t e  g r a -  
d i e n t  p H  4.004-1.2  molar .  I n  a n lore  eff ic ient  w ay  m e l i t t i n  
a n d  t h e  more  s lowly m i g r a t i n g  c o m p o u n d  could  be  iso- 
l a t ed  d i rec t ly  f rom bee  v e n o m  b y  c o u n t e r  c u r r e n t  d is t r i -  
b u t i o n  [n-BuOH/MeOH/H20/AcOH 20 :5  : 2 0 : 1 , 5 0 0  t r a n s -  

Fig. 1. Structure of melittin. H-Gly-Ile-Gly-Ala-Val-Leu-Lys-Val- 
Leu-Thr-Thr-Gly-Leu- Pro Ala- Leu-Ile- Ser-Try- Ile-Lys-Arg- Lys-Arg- 
GIn-Gln-NH v 
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< 

I 
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i I 
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, \  ] . a _  

1 Z 3 # 
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J 
I 

-L-- 
5 

Fig. 2. Separation of bee venom into its components. 

O 

;'~ 0 ,, Formyl-glycine 

~ FDrm-61y-tle%l.y- 
Ata-Val-Leu- DH 0 

t 

00 000 O0 "°''"'" 
I,-} [ , 

Fig. 3: Electrophoresls pH 5 after thermolysine digestion° 

(+) 

fers, K = 0,09 (mel i t t in )  a n d  K = 0.13 (more  s lowly 
m i g r a t i n g  c o m p o u n d ) .  I n  t h e  a m i n o  aci.d ana lys i s  b o t h  
c o m p o u n d s  show t h e  s ame  compos i t i on  in a g r e e m e n t  w i t h  
t he  p roposed  s t r u c t u r e  for  m e l i t t i n  (Table).  

I n  t h i s  c o n n e c t i o n  i t  m u s t  b e  m e n t i o n e d  t h a t  ~REIL 
a n d  KR~IL-Klss  4 r e p o r t e d  a n  e n z y m a t i c  d e g r a d a t i o n  of 
a c rude  m e l i t t i n  p r e p a r a t i o n .  Af t e r  d iges t ion  w i t h  p r o n a s e  
a n d  s u b s e q u e n t l y  w i t h  c a r b o x y p e p t i d a s e  a n i n h y d r i n  
n e g a t i v e  c o m p o u n d  was i so la ted  a n d  iden t i f i ed  as f o r m y l  
glyeine.  T h e  a u t h o r s  a s s u m e d  t h a t  bes ides  m e l i t t i n  i t s  
N=- fo rmyl  d e r i v a t i v e  is also p r e s e n t  in  bee  v e n o m .  T h e  
i so la t ion  of t h i s  c o m p o u n d ,  however ,  was  no t  descr ibed.  
F u r t h e r m o r e  d u r i n g  t h e  e luc ida t i on  work,  a f t e r  t r ~ p t i c  
d iges t ion ,  HABERMANN a n d  JeNTSCH s i so la ted  a n  N- t e r -  
m i n a l  h e p t a p e p t i d e  f r a g m e n t  w i t h  a b locked  N - t e r m i n a l  
a m i n o  group.  

The re fo re  we i n v e s t i g a t e d  w h e t h e r  t h e  more  s lowly 
m i g r a t i n g  c o m p o u n d  could  be  t h i s  N - f o r m y l a t e d  me l i t t in .  
To con f i rm  th i s  p roposed  s t r u c t u r e  we a t t e m p t e d  to  
d e f o r m y l a t e  t h i s  c o m p o u n d  y ie ld ing  or ig ina l  me l i t t in .  
Th i s  r eac t i on  was car r ied  o u t  accord ing  to  GEIGER a n d  
SIEDEL 6 us ing  a 300-fold excess  of h y d r a z i n e  ace t a t e  in  
65% m e t h a n o l  a t  65 °C. Af t e r  r e m o v i n g  t h e  excess h y d r a -  
z ine a c e t a t e  b y  gel f i l t r a t i o n  on  S e p h a d e x  G 25 a p r o d u c t  
w i t h  t h e  s ame  e lec t rophore t i c  m o b i l i t y  of m e l i t t i n  was  
ob t a ined .  A c o m p a r i s o n  of t h i s  p r o d u c t  w i t h  t h e  un-  
r e ac t ed  m a t e r i a l  b y  t r y p t i c  d iges t ion  a n d  f i n g e r p r i n t i n g  
(1. h i g h - v o l t a g e  e lec t rophores i s  in p y r i d i n e  a c e t a t e  buf fe r  
p i t  5, 2. c h r o m a t o g r a p h y  in  n - b u t a n o l ( p y r i d i n e ) a c e t i c  
a c i d / w a t e r  15 :10 :  3 :10)  however ,  led to  differences.  I n  t h e  
d e f o r m y l a t e d  p r o d u c t  t h e  spo t  c o r r e s p o n d i n g  t o  g lu ta -  
m i n y I - g l u t a m i n - a m i d e  was  n o t  p re sen t ,  i n d i c a t i n g  a side 
r e a c t i o n  a t  t h e  a m i d e  bonds .  T h i s  e x p e r i m e n t ,  the re fore ,  
does  n o t  p r o v e  t h e  p resence  of a f o r m y l - a m i n o  group .  

I n  a second  a t t e m p t  we t r i ed  to  con f i rm  t h e  absence  
of a free N - t e r m i n a l  a m i n o  g roup  b y  d iges t ion  w i t h  leuc ine  
a m i n o p e p t i d a s e .  I n c u b a t i o n  of m e l i t t i n  a n d  t h e  more  
s lowly m i g r a t i n g  c o m p o u n d  w i t h  t he  e n z y m e  was  ca r r i ed  
ou t  a t  p H  8.5 a n d  37°C for  15 h. Af t e r  c h a n g i n g  t h e  p H  
to 3 t h e  d iges t ion  m i x t u r e  was  checked  b y  a m i n o  acid 

Amino acid analysis" of the 2 compounds of the inelittin fraction 

Theory More More 
slowly rapidly 
migrating nfigrating 
compound compound 

Gly 3 2,94 2.93 
Ile 3 3.00 2.99 
Ala 2 2.03 1.95 
Vat 2 2.12 1.99 
Leu 4 3.91 4.05 
Lys 3 2,95 3.17 
Thr 2 1.85 1.76 
Pro 1 1.16 0.76 
Ser 1 0.79 0.80 
Arg 2 1.82 2.01 
GIu 2 1.99 2.06 

Values without correction for partial destruction during total 
hydrolysis. 

a Peptide Synthese XLVIII. 4th Communications on melittin. 
2 We thank Prof. E. HABERMA~N very kindly for sending us a 

sample of native melittin. 
z E. HABER.~ANZq and K.-G. Rr:iz, Biochem~ Z. 341, 451 (1965). 
4 G. KREIL and G. KREIL-KIss, Biochem. Biophys. Res. Commun. 

27, 275 (1967). 
E. HABERMANN and J. JENTSClI, Z. physiol. Chem. 348, 37 (1967). 

-~ i .  GEIGER and W. SIEDEL, Chem. Ber. 101, 3386 (1968). 
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analysis. The  results,  however ,  were not  sat isfactory,  
because me l i t t i n  itself is only  par t ia l ly  digest ible due to 
the poor  solubi l i ty  in the  p H  8.5 digest ion buffer. 

The  ev idence  of an  N- te rmina l  fo rmyla ted  mel i t t in  was 
f inally es tabl ished b y  digest ion wi th  thermolysine .  This  
enzyme hydrolyzes  pep t ide  bonds preceding  a hydro-  
phobic amino  acid residue 7. Therefore  t he  hydrolys is  of 
the  N- te rmina l  glycyl- isoleucine-bond and the  fo rmat ion  
of free formyt-g lyc ine  could be expected.  The  enzymat ic  
degradat ion  was carr ied out  in ca lc ium ion-conta ining 
bora te  buffer  p H  8 for 20 h. The  digest ion mix tu r e  was 
checked by  pape r  electrophoresis  a t  p H  5. Besides neut ra l  
and basic products  one acidic componen t  could be de- 
tected. A compound  wi th  the  same anionic e lect rophoret ic  
mobi l i ty  was obta ined  also a f te r  digest ion of syn the t ic  

Boc 

Form-I--3-OTCP H-4 t 14-OH 
Boc tBu Boc Boc 

Form-1 t 14-OH H-15 [ I t 26-NH~ 
Boc tBu Boc Boc 

Form-1 [ I ......... I .............. I 26-NH~ 
Form-1 26-NH 2 

Chromatography | Ammonium acetate pH 4 
CM-Ccllulose ~, 0.004-1.2 molar 

Na-formyl-melittin 
Fig. 4. Synthesis of Naqormyl-melittin. 

F o r m - l ~ 3 - O H  H-4--6-OMe 
Form-1 6-OMe 

Boc tBu tBu Boc Boc 
Form-1 6-OH H-7 I [ ..... ] ..... I I 27_NH 2 

Boc tBu tBu Boc Boa 
Form-1 I [ [ t [ 27-NH 2 
Form-l. .27-NH 2 

1. Counter current [ 2. Gel filtration 
distribution ~, 3. CMC-ehromatography 

Na-formyl-melittin II 
Fig. 5. Synthesis of N~-formyl-melittin ti.  

Form-Gly-L-I le-Gly-L-Ala-L-Val-L-Leu-OH, b u t  not  wi th  
na t ive  me l i t t i n  (Figure 3). 

Af t e r  isolat ion of this p roduct  by elut ion f rom the  paper  
and t o t a l  hydrolys is  only  glycine was found in the  amino  
acid analysis.  The  iden t i ty  wi th  formyl-g lyc ine  was con- 
f i rmed b y  gas c h r o m a t o g r a p h y  in compar i son  w i t h  an  
au then t i c  sample  s . 

F ina l ly  the  s t ruc tu re  of Na- formyl  mel i t t in  was estab-  
lished by  synthes is  9 using in par t  the  f ragments  which 
were used in our  syntheses  of the  meli t t insl0.  The  syn-  
thesis of Na- fo rmyl  me l i t t i n  I is summar ized  in Figure  4. 
In  addi t ion  also N=-formyl  me l i t t i n  I I ,  which up to now 
has not  been found in bee venom,  was synthes ized 
(Figure 5). 

The  syn the t ic  N~-formyl  me l i t t i n  has the  same haemo-  
lyric a c t i v i t y  as the  na t ive  product ,  which is abou t  80% 
of tha t  of mel i t t in .  Syn the t i c  and  na t ive  p roduc t  are, 
fu r the rmore  ident ica l  in pape r  electrophoresis ,  pape r  
c h r o m a t o g r a p h y  and in t h e  f ingerpr in t  pa t t e rn  a f te r  
t ryp t ic  digestion. 

Zusammen[assung. Bienengi f t  wurde  durch  Gelf i l t ra-  
t ion in seine K o m p o n e n t e n  aufget rennt .  Aus der  Meli t t in-  
f rakt ion wurde neben Meli t t in  eine e lek t rophore t i sch  lang- 
samer  wandernde  K o m p o n e n t e  isoliert, die als N=-Formyl  - 
Meli t t in  ident i f iz ier t  wurde.  Diese S t ruk tu r  wurde  auch 
durch Synthese  besti~tigt. 

K. LUBKE, 
S. MATTHES and  
G. KLOSS 

Forschungs-Laboratorien der Sehering AG, 
Dept . / i~r  A rzneimittelchemie, 
D-1 Berlin 65 (Germany), 8 February 1971. 

7 H. ]~{ATSUBARA, A. SINGER, R. SASAKI and T. H. JURES, Biochem. 
Biophys. Res. Commun. 21,242 (1968). 

s We thank Mr. G. BAUDE, Section Spcktrometrie and Quanten- 
chemic (Dr. G. HOVER) for this analysis. 

9 We thank Miss I. BEETZ and Mr. M. LEIIMANN for the syntheses 
of the formylated melittins. 

lo E. SGHR6DER, K. Lf3BKE, M. LEIIMANN and I. BEE;TZ, Expcrient ia  
27, 764 (I971). 

E n z y m a t i c  R e a c t i o n s  in  the  P r e s e n c e  of N o n - I o n i c  

In  v i t ro  b iochemica l  processes are in mos t  cases s tudied  
in aqueous  buffer  solutions.  H o w e v e r  biochemical  reac- 
tions in v i v o  are proceeding in the  presence of numerous  
tow- and h igh-molecular  we igh t  substances  whose pres- 
ence influences t he  var ious  chemica l  equilibria.  

I t  was establ ished previous ly ,  t h a t  an t igen-an t ibody  
react ions are enhanced  in the  presence of non-reac t ive  
and non-ionic polymers ,  such as dext rans  1-s and poly-  
e thylene glycolsL Since an t igen-an t ibody  react ions in 
many  respects  ressembles enzymat ic  react ions it  was 
of interes t  to  see whe the r  enzymat ic  catalysis  could be 
enhanced in the  presence of wa te r  soluble non-ionic poly-  
mers. The  enzyme  ~-amylase and a syn the t ic  high mole-  
cular  weight  and  wa te r  insoluble blue s tarch subs t ra te  10 
was used in the  p resen t  work. 

To the  h igh ly  puri f ied c~-amylase f rom B. subtilis 
(Serva) a p re - incuba ted  suspension of subs t ra te  a t  37 °C 
was added.  The  reac t ion  condi t ions  h a v e  been described 
elsewhere n,x~. The  reac t ion  was run  for 30 min in t he  
presence as well  as in the  absence of dext ran .  Af te r  the  
t e rmina t ion  of hydrolysis ,  the  coloured s tarch break-  

P o l y m e r s  

down products  were separa ted  by  cent r i fugat ion  f rom 
the  unhydro lyzed  blue s tarch po lymer  and the  ex t inc t ion  
of t he  supe rna t an t  a t  620 nm was de te rmined  using a 
Zeiss spec t rophotometer .  

F igure  I shows the  enzymat i c  ac t iv i t ies  ob ta ined  a t  
d i f ferent  subs t ra te  concent ra t ions  in wa te r  buffer  and 
dex t r an  buffer  solutions.  As can be  seen, the  enzymat i c  
catalysis  pe r fo rmed  in the presence of dex t r an  resul ted 
in an increased a m o u n t  of p roduc t  a t  all the  concent ra-  
t ions of subs t ra te  used. The  enhancemen t  of t he  reac t ion  
m a y  be due to the  increased af f in i ty  be tween  the  e n z y m e  
and substrate .  An increase in ra te  cons tan t  k 1 Of the  
reac t ion  

kl k3 
E + S ~ E S - + E  + P  

k2 
is the  mos t  l ikely con t r ibu to ry  fac tor  to  the  observed  
decrease in the  appa ren t  Michaelis  constant .  

The  increase in the  a m o u n t  of p roduc t  formed in 
s tandard  t ime  was found to  be related to the  dex t r an  
concent ra t ion  (Figure 2). The  effect  was ob ta ined  wi th  




