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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  
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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. 
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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  
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as l i t t l e  as 1% D e x t r a n  250 c o n c e n t r a t i o n .  H i g h e r  
D e x t r a n  250 c o n c e n t r a t i o n s  (2, 4 a n d  8%) caused  a 
p rogress ive  increase  in e n z y m a t i c  ca ta lys is .  A t  a g iven  
d e x t r a n  c o n c e n t r a t i o n ,  t h e  e n h a n c i n g  ef fec t  was  o b s e r v e d  
to  be a f u n c t i o n  of t h e  d e x t r a n  molecu la r  weight .  T h e  
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Fig. 1. Lineweaver-Burk plot of u-amylase activity throughout a 
20-fold increase of substrate concentration (from 0.5-10 mglml of 
reaction mixture). The reaction was run at 37 °C for 30 min. Con- 
centration of a-amylase was 0.112g/ml of reaction mixture. 0 - -0 ,  in 
the presence of 2% Dextran 250; O--O, in the absence of dextran. 
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Fig. 2. Effect of dextran 250 concentration on a-amylase activity. 
Concentration of substrate was 10 mg/ml of reaction mixture. 
(Other reaction conditions as for Figure 1.) 
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Fig. 3. Inhibition of u-amylase by increasing amount of a-amylase 
antibody. Substrate concentration was 20 mgfinl of reaction mix- 
ture, (Other reaction conditions as for Figure 1.) O--O, in the 
presence of 2% Dextran 250; O--@, in the absence of dextran. 

in f luence  of 3 d i f f e ren t  d e x t r a n s ,  D 20, D 250 a n d  D 2000 
(N[w 2 . 0 × 1 0  a, 2 . 5 × 1 0  s a n d  2 . 0 x 1 0  s ) were  t es ted .  The  
h i g h e s t  ef fec t  was  o b t a i n e d  w i t h  D 2000 whi le  D 20 a n d  
I )  250 gave  s imi la r  b u t  lower  v a l u e s  t h a n  D 2000. 

I t  was  o b s e r v e d  p rev ious ly  s, t h a t  t h e  v i s ib le  i n t e n s i t y  
of u -amylase  a n t i  u - amy la se  i m m u n e - p r e c i p i t a t e s  in  a g a r  
gel were  e n h a n c e d  in  t h e  p resence  of d e x t r a n .  I t  was  
t he r e fo re  of i n t e r e s t  to  i n v e s t i g a t e  w h e t h e r  t h e  i n h i b i t i o n  
of e n z y m a t i c  a c t i v i t y  of a - a m y l a s e  b y  specif ic  r a b b i t  
a n t i  u -amylase  a n t i b o d y  could  b e  e n h a n c e d  in  t h e  
p re sence  of d e x t r a n .  T h i s  is a u n i q u e  s i t u a t i o n  i n  w h i c h  
t h e  e n z y m e  is a l lowed  to  i n t e r a c t  a t  t h e  s a m e  t i m e  w i t h  
2 specif ic  macromolecu les .  In  2 p r e v i o u s  s e p a r a t e  exper i -  
m e n t s  i t  was  s h o w n  t h a t  d e x t r a n  e n h a n c e s  t h e  e n z y m a t i c  
c l eavage  of h i g h  mo lecu l a r  we igh t  s u b s t r a t e  (F igure  1) 
as well  as t he  i n h i b i t i o n  of a - a m y l a s e  w i t h  i t s  a n t i b o d y  s. 
The  effect  of i nc reas ing  t h e  a m o u n t  of a n t i b o d y  in t h e  
p resence  a n d  absence  o f  D e x t r a n  250 on  u - amyla se  
a c t i v i t y  is seen in F igu re  3. Th i s  e x p e r i m e n t  was  per-  
f o r m e d  a t  a s u b s t r a t e  c o n c e n t r a t i o n  of 20 m g / m l  of 
r eac t i on  mix tu re .  S imi la r  resu l t s  were also o b t a i n e d  a t  
a lower  c o n c e n t r a t i o n  of s n b s t r a t e  (3 mg/ml) .  I t  c an  be  
seen  t h a t  in  t h e  p resence  of d e x t r a n  t he  i n h i b i t i o n  of 
a - a m y l a s e  b y  t he  a n t i b o d y  is more  p r o n o u n c e d  a n d  t h i s  
ef fec t  is r e f l ec ted  as a h i g h e r  s lope of t h e  curve.  I t  can  
the re fo re  be  conc luded  t h a t  in  t h i s  s y s t e m  d e x t r a n  
e n h a n c e s  t h e  i n t e r a c t i o n  b e t w e e n  t h e  e n z y m e  a n d  i t s  
m a c r o m o l e c u l a r  s u b s t r a t e ;  a n d  a t  t h e  s a m e  t i m e  pro-  
m o t e s  t h e  i n t e r a c t i o n  b e t w e e n  t h e  e n z y m e  a n d  i t s  
m a c r o m o l e c u l a r  i nh ib i to r .  

S ince  i t  was  n o t  poss ib le  to  increase  t h e  e n z y m a t i c  
a c t i v i t y  of a n  e n z y m e  (a lka l ine  p h o s p h a t a s e )  w h i c h  
h y d r o l y z e s  low m o l e c u l a r  w e i g h t  s u b s t r a t e ,  t h i s  p h e n o m e -  
n o n  m a y  be  l i m i t e d  to  e n z y m e s  w h i c h  ca t a lyze  r e a c t i o n s  
i n v o l v i n g  h i g h  mo lecu l a r  w e i g h t  s u b s t r a t e s  or  s u b s t r a t e s  
k n o w n  to  t e r m  m u l t i p l e  a t t a c h m e n t s  w i t h  enzymes .  

T h e  e n h a n c e m e n t  of t h e  e n z y m a t i c  ca t a lys i s  is n o t  
l i m i t e d  to  d e x t r a n .  T h e  effect  was  also obse rved  w i t h  
a n o t h e r  non- ion ic  p o l y m e r  p o l y e t h y l e n e  glycol.  A com-  
pa r i son  of a p p a r e n t  Km va lues  for  severa l  e n z y m a t i c  
s y s t e m s  in  t h e  p resence  of d e x t r a n s  a n d  o t h e r  non- ion ic  
po lymer s  wil l  be  r e p o r t e d  sepa ra t e ly .  

Zusammen/assung. Die e n z y m a t i s c h e  Spa l tungsge -  
s c h w i n d i g k e i t  y o n  s y n t h e t i s c h e r  h o c h m o l e k u l a r e r  St~irke 
m i t  u -Amylase  wi rd  in G e g e n w a r t  v o n  n e u t r a l e n  (n ich t  
ionogenen)  P o l y m e r e n  e rh6h t .  Die  k a t a l y t i s c h e  W i r k u n g  
h~tngt y o n  de r  K o n z e n t r a t i o n  des P o l y m e r e n  u n d  dessen  
M o l e k u l a r g e w i c h t .  ab.  Die  Z u n a h m e  der  a -Amylase -  
H e m m u n g  d u r c h  spezi f i sche  a - A m y l a s e - A n t i k 6 r p e r  in  
G e g e n w a r t  y o n  n e u t r a l e m  D e x t r a n  wi rd  nachgewiesen .  
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