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t u re  since unsa tu ra t ion  has  been excluded,  b) IR-spectro- 
scopy (as f i lm on a t?erkin E l m e r  mode l  125) revea led  a 
charac ter i s t ic  band  a t  9.8 lzm. 

The  local izat ion of t h e  p ropane  r ing was de te rmined  by  
GLC (Aerograph mode l  204 A equiped  wi th  a 240 cm 
co lumn of 10% SE-30 on Chromosorb  W, p rog ramming  of 
t e m p e r a t u r e  100-250 °, rise of 2°/rain, N2 flow ra te  200 ml /  
min) af ter  ox ida t ive  degrada t ion  by  ref luxing wi th  potas-  
s ium p e r m a n g a n a t e  in ace tone  ~3. A series of homologous  
f a t t y  acids up to C~: 0 and f rom Cx0:cyel to C17:eycl was ob- 
t a ined  (see F igure  2). F r o m  the  absence of Cs and  C, f a t t y  
acids, t he  Cl~ cyc lopropane  f a t t y  acid  was decided to  be 
9, 10-methylene  hexadecanoic  acid. The  change of charac-  
t e r  of t he  acids w i t h  increase of carbon  n u m b e r  f rom 
s t ra igh t  chain  to cyc lopropane  was c lear ly  demons t r a t ed  
by  co -ch roma tog raphy  of u series of even  numbered  
s t ra igh t  chain alkanoic acid m e t h y l  esters up to CI~: 0 

The  neut ra l  l ipid f ract ion of n o n - P H B  consis ted of a 
v a r i e t y  of components .  Only  small  amoun t s  of long-chain 
f a t t y  acids were obta ined  by  saponif icat ion.  GLC of these 
f a t t y  acids (as m e t h y l  esters) revealed C~r cyclopropane  
acid as t he  ma jo r  componen t  (98.4%, w/w) besides pal-  
mi t ic  acid (1.6%, w/w).  

C17 cyc lopropane  acid  has been  de tec ted  in a n u m b e r  of 
bacter ia ,  p r e d o m i n a n t l y  g ram-nega t ive  (listed inX~), the  
local izat ion of the  p ropane  ring, however ,  has  no t  been 
de te rmined  in al l  these  cases. I n  eases known so far, the  
propane  ring is s i tua ted  be tween  C-9 and C-10. 

I t  is well  es tabl ished 14 t h a t  cis-cyclopropane acids in 
bac ter ia  are  synthes ized by  t ransfer  to  the  corresponding 
cis-monoenoic acid of a me thy lene  group f rom S-adenosyl  
methionine .  I t  is wor thy  of note  t h a t  bo th  cis-9,10-methy- 
lene hexadecanoic  acid and lactobacil l ic  acid (i.e. cis-1 I, 12 
methy lene  oc tadecanoic  acid, present  in a va r i e ty  of bac-  
terial  species) belong to the  same co-family (with propane  
ring a t  the  same posi t ion f rom the  t e rmina l  m e t h y l  group). 
This  fact  is consis tent  w i th  the  f inding t h a t  bac ter ia  can  
synthesize  long-chain monoenoic  f a t ty  acids by  e longat ion  
of a l ready  unsa tu ra t ed  precursors  ~. 

Zusammen/assung. Knal lgasbak te r ien  (Hydrogenomo- 
has H 16) wurden  un te r  Speicherbedingungen in Submers-  
ku l tu r  herangezogen.  Die dabei  gespeicher te  Poly-fl- 
hydroxybu t t e r s~ure  wurde  zusammen  mi t  anderen  , lok- 
ker  gebundenen  ~> Lipiden m i t  Chloroform extrahier t .  Die  
daraus  abge t renn ten  polaren Lipide bes tanden  aus- 
schliesslich aus Phosphat idylAthanolamin .  Die Analyse  
der Fe t t s~u rezusammense t zung  dieses Phospha t ids  ergab 
einen Geha l t  yon  42% (bezogen auf  das Gewicht  der  Ge- 
samtfe t t s~uren)  einer  CwCyclopropans~ture.  Durch  spek- 
t roskopische  Un te r suchungen  und  o x y d a t i v e n  Abbau  wur-  
de le tz te re  als cis-9,10-MethylenhexadecansXure ident i -  
fiziert .  
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Homologous series C,o,cy:~ = C17,c~ct 
Fig. 2. cis-9,lO-Methylene hexadecanoic acid. Mode of oxydative de- 
gradation. 
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Optical Rotatory Dispersion of Proline-Rich Peptides from the V e n o m  of  Bothrops jararaca 
The  observa t ion  t h a t  the  v e n o m  of the  Brazi l ian snake 

I3othrops j a ra raca  po ten t ia tes  b radykin in  1 and also inhi- 
b i ts  the  enzyme  2 t h a t  conver t s  angiotens in  I in to  angio-  
tens in  I I  led to  the  isolat ion 3,4 of a series of pept ides  re- 
sponsible for these  act ivi t ies .  Subsequent ly ,  t he  sequences 
of pept ides  I - V  (Table I) were  e luc ida ted  and p r o v e d  b y  
synthesis  4 Compound  VI  is a syn the t ic  pep t ide  prepared  
to  de te rmine  wha t  is t he  ac t ive  'core '  of IV, while  V I I  is an 
equiac t ive  analog of the  pen tapep t ide  isolated by  GREENE 
and  FERREIRA 3 to which t h e y  assigned the  s t ruc ture  Pyr -  
Lys-Trp-Ala-Pro .  

A conspicuous feature  of t he  v e n o m  pept ides  I -V is the  
f requency  wi th  which  prol ine occurs in them.  Compound  
VI ,  a pen tapep t ide ,  conta ins  two  prol ine residues, while  
there  is only  one in pep t ide  V I I .  Yet ,  a second s t ruc tura l  
fea ture  is equa l ly  r emarkab le :  in each pep t ide  isolated 
f rom the  v e n o m  so far, py rog lu t amic  acid is the  N- t e rmina l  
residue. Py rog lu t amic  acid resembles prol ine;  i ts pyrro-  
l idone ring is p robab ly  even  more rigid than  the  pyrrol i -  
dine in proline, The  combina t ion  of several  constra ined 
areas in a sequence could result  in g more  or  less well-de- 
f ined geome t ry  of t he  chain  and therefore  i t  was in t r i gu ing  

to explore,  wi th  the  aid of ord and cd spectra,  the  existence 
of a preferred conformat ion  in these peptides.  

No t  qui te  unexpec ted ly ,  the  ord spectra  of pept ides  
I - V I I  resemble  those  of prol ine ol igomers 6 and of poly-  
prol ine 7, though  no m u t a r o t a t i o n  could be  observed  in 
acet ic  acid. All  spect ra  (Figure) exhibi t ,  as a pr inc ipa l  
feature,  a t rough  around 215 rim, a l though  the  m e a n  
residue ro ta t ion  a t  this wave leng th  is d i f ferent  f rom pep- 
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Sequences, mean residue rotations and inhibitory potencies of venom peptides and their analogs 

EXPERIENTIA 27/i1 

Venom Amino acid sequence Mean residue Inhibition 
peptide rotation at I5o" 

215 nm 

I Pyr-Asn-Trp-Pro-His- Pro-Gln- Iln-Pro-Pro --15,300 8 
II Pyr- Ser-Trp-Pro-Gly-Pro-Asn-Ile-Pro-Pro -19,500 35 
III Pyr-Trp- Pro-Arg-Pro-Gln- Ile-Pro-Pro -12,900 1 
IV Pyr-Trp-Pro-Arg-Pro-Thr-Pro-Gln-Ile-Pro-Pro -14,000 5 
V Pyr-Asn-Trp-Pro-Axg-Pro-GIn-Ile- Pro-Pro -14,500 3 
VI P)T-Trp-Pro-Arg-Pro -12,000 14 
VII Pyr-Lys-Phe-Ala-Pro - 6,000 0.05 

=Amount (in [zg per mt) needed to inhibit 50% of the angiotensin-converting enzyme activity under standard conditions 5. 

= 20 
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Optical rotatory dispersion curves of snake venom peptides 
(I-V), synthetic analogs (VI and VII) and polyproline (VIII) 
(Mann Research Laboratories) in aqueous solution, at 25 °C, 
in the concentration range of 0.03-0.04%, measured with a 
Carey 60 recording spectropolarimeter in quartz cells of 1 mm 
pathlength. 

t ide  to  pep t ide .  T h e  cd s pec t r a  of t he  v e n o m  pep t ides  were 
also r ecorded  a n d  showed  t h e  n e g a t i v e  C o t t o n  effect  
(205 rim) cha rac t e r i s t i c  of aqueous  so lu t ions  of po lyp ro -  
l ine  :, b u t  r educed  in size. T h e  w e a k  pos i t ive  b a n d  a t  221 n m  
could  b e  c lear ly  ident i f ied  on ly  in  p e p t i d e  V I .  A n  a t t e m p t  
to  es tab l i sh ,  in  t h e  I R - s p e c t r a  of t h e  v e n o m  pep t ides ,  t h e  
p re sence  or  ab sence  of t h e  f ea tu re s  cha r ac t e r i s t i c  for  t h e  
poly-  a n d  o l igoprol ines  s fa i led  becaus e  of i n t e r f e r ence  
f rom non-p ro l ine  side chains .  

H y d r o g e n  b o n d s  seem n o t  to  p l a y  a m a j o r  role  in  t h e  
forces d e t e r m i n i n g  t h e  p re fe r red  c o n f o r m a t i o n  in  I - V I I  
as  s h o w n  b y  a c o m p a r i s o n  of t h e  s pec t r a  t a k e n  in m e t h a n o l  
a n d  in  w a t e r :  no  s ign i f i can t  d i f ferences  could  be  obse rved .  
T h e  f ac t  t h a t  c o m p o u n d  I I ,  w i t h  n o  bas ic  a m i n o  ac id  in  i t s  
sequence,  p r o d u c e d  o rd  s p e c t r a  qu i t e  s imi l a r  to  t hose  of 
t h e  o t h e r  v e n o m  pept ides ,  e ach  c o n t a i n i n g  a bas ic  residue,  
i nd i ca t e s  t h a t  ionic  forces do  n o t  c o n t r i b u t e  to  t h e  geo- 
m e t r y .  T h u s  t h e  a r c h i t e c t u r e  t h a t  seems  to  be  p r e s en t  in  
pep t i de s  I - V I I  shou ld  b e  t h e  consequence  of t h e  res t r ic-  
t i ons  caused  b y  t h e  pro l ine  a n d  p y r o g l u t a m i c  ac id  resi-  
dues,  a n d  p e r h a p s  b y  t he  b u l k y  side c h a i n s  b e t w e e n  t he  
pro l ines  as  well. A h igh  c o n t e n t  of p ro l ine  a lone  does  n o t  
necessar i ly  r e su l t  in  a s imi la r  con fo rma t ion ,  e.g., t h e  5- 
g lycine  ana log  of b radyk in in~ ,  A r g - P r o - P r o - G l y - P h e - G l y -  
P r o - P h e - A r g ,  shows a n  ord  s p e c t r u m  x° t h a t  sets  i t  a p a r t  in  
t h i s  r e spec t  f rom pep t ide s  I - V I I .  

Desp i t e  t h e  lack  of q u a n t i t a t i v e  corre la t ions ,  i t  is n o t  
imposs ib l e  t h a t  t h e  p re fe r red  c o n f o r m a t i o n  revea led  in t he  
o rd  s p e c t r a  of t h e  v e n o m  pep t ide s  is in  some w ay  r e l a t ed  
to  t h e i r  i n h i b i t o r y  a c t i v i t y :  t he  m o s t  ac t ive  c o m p o u n d ,  
V I I ,  shows t h e  leas t  r ig id i ty ,  whi le  pep t i de  II ,  w i t h  t he  

m o s t  p r o n o u n c e d  po lypro l ine  c h a r a c t e r  (as expressed  b y  
t h e  d e p t h  of t h e  t r o u g h  a t  215 nm) ,  is t h e  weakes t  inh ib i -  
to r  of t he  c o n v e r t i n g  e n z y m e  n .  

Zusammen/assung. Die op t i sche  R o t a t i o n s d i s p e r s i o n  
m e h r e r  p ro l in re i chc r  Ol igopep t ide  aus  d e m  Gi f t  de r  
Sch lange  Bothrops ]araraca w u r d e  gemessen  u n d  m i t  j e n e r  
yon  Ol igoproI iuen  vergl ichen.  E s  k o n n t e  n u r  e ine  qua l i t a -  
t i v e  B e z i e h u n g  zwischen  de r  a n g e d e u t e t e n  S t r u k t u r r i g i -  
d i t ~ t  u n d  de r  b io togischen  "Wirksamkei t  de r  P e p t i d e  fest-  
ges te l l t  werden .  
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