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ponses ocurred with IBA given either simultaneously 
with sucrose or as 16 h pretreatment.  Likewise, IBA alone 
did not elicit any differential growth. On the other hand, 
bending of the internodes caused by 0.3 M sucrose was nil 
in the presence of 0.2M ammonium nitrate, 0.2M urea or 
10-4M gibberellic acid (GAs). 

Considering these results they seem to corroborate the 
hypothesis that  the balance sucrose/gibberellin is respon- 
sible for the differentiation of diageotropic stems in Cyno- 
don sp. However, for this to occur nitrogen there must not 
be above a certain level. The ratio sucrose/nitrogen as de- 
termining whether one stem bud would become a stolon 
or a tiller is a new factor in the geotropic process, albeit 
old in other aspects of plant physiology. A recent article ~ 
points out that  the growth direction of Agropyron repem 
rhizomes depends upon nitrogen supply. This finding sup- 
ports the conclusion that  nitrogen also plays a r61e in the 
plagiotropism of grasses. 

Admitt ing a priori the futili ty of interpreting the mode 
of action of these substances, on the ground that  the geo- 
tropic mechanism in plants is far from being elucidated, a 
brief speculation may be of value for future work. The 
hypothesis previously stated 1, 2 that  in presence of high 
concentration of sucrose an antihormone would be syn- 
thetized on the low side of the stem, counteracting the effect 
of some growth factor, is still valid. Nitrogen could divert 
the metabolic sucrose pathway to another process and 
consequently shift the balance towards the growth pro- 
motor. 

According to tile hormonal theory, the difference in 
growth rate between the two sides of the curving stem is 
causally correlated with a differential distribution of auxin. 
However, considering the inactivi ty of the auxin in this 
and other experiments~, 2, it is easier to accept the pro- 
posed idea that  an anti-hormone is present in the low side 
of the stems of Cynodon sp. The following facts further 
support this hypothesis : a) Sucrose induces epinasty in the 
presence" or absence of saturating amounts of exogenous 

auxin, b) Sucrose keeps stolons and rhizomes growing 
horizontally under similar condition, c) Proofs have been 
reported ~ that  auxins are taken up and distributed to the 
whole stem piece, d) Auxin destruction is excluded on the 
basis of its chemical nature. I t  is unlikely, then, that  IBA 
were not present during the differential growth leading to 
the epinasty of the internodes. In this case, it is also very 
difficult to conceive all uneven and subtle distribution of 
the exogenous auxin in the stems, considering the high 
concentration utilized and the small differences required 
to elicit an unequal growth rate on both sides of the inter- 
nodes. 

Summing up, in the plagiotropism phenomenon of 
Cynodon sp., only the presence of geosensors in the ceils 
can be considered as an obvious fact. Their behaviour de- 
pends on the gravitational force and non-specific chemical 
substances like sucrose and nitrogen compounds, acting 
probably through an unknown hormone-antihormone 
system, in which the gibberellins are involved 4 

Zusammen/assung. Nachweis, dass Saccharose in Aus- 
l~infern yon Cynodon plectostaehyum Epinastie verursacht, 
was durch Gibberellins~iure and stickstoffhaltige Verbin- 
dungen antagonisiert wird. Indol-3-Buttersiiure veriin- 
derte die Wirkung des Zuckers nicht. 

E. R. MONTALDI 

Instituto de Fisiologia Vegetal, 
Universidad Naeional de La Plata, . 
Casilla de Correo 31, La Plata (Argentina), 
8 January 7973. 

3 G.I. MCINTYRE, Can. J. Bot. 50, 393 (1972). 
4 Sucrose was obtained from BDH, Laboratory Chemical Company, 

England. Gibberellic acid and indol-3-butyric acid from E. Merck, 
A. G. Darmstadt, Germany. Ammonium nitrate, potassium nitrate 
and urea were pro-analysis quality. 

STUDIO1KUM P R O G R E S S U S  

Inhibition of Angiotensin-Converting Enzyme by Analogs of Peptides from Bothrops jararaca Venom 

The product of the reaction catalyzed by the kidney 
enzyme renin is a biologically inactive decapeptide, angio- 
tensin I x. Further cleavage of this decapeptide to form the 
vasopressor octapeptide angiotensin I I  is achieved by ac- 
tion of angiotensin-converting enzyme, a carboxypeptidyl 
dipeptide hydrolase found in blood and most other 
tissues 2-8. This 'converting enzyme' is not specific in its 
action on angiotensin I; but  cleaves dipeptide residues 
from the C-terminal end of many peptides, including bra- 
dykinin g-14. 

The probable physiological importance of angiotensin- 
converting enzyme, both for production of angiotensin I I  
and for destruction of bradykinin, has  prompted us to 
search for inhibitors of its action. Although many pep- 
tides and some nonpeptidic compounds are moderately 
potent  inhibitors of angiotensin-converting enzy- 
me ~, 10-12,15-x7, the most potent and specific inhibitors by 
far a r e  several structurally similar peptides that  have 
been isolated from the venoms of the South American pit  
viper Bothrops jararaca 18-21 and the Japanese pit  viper 
Agkistvodon halys blomho[/ii ~-2~. These venom peptides, 
the structures of which are shown in Table I, have been 
demonstrated to be potent inhibitors of angiotensin-con- 

verting enzyme in vitro6-S,10-12,1~,26-as and in vi- 
vo 27-29. s4-~. ; they are competit ive with substrates such as 
angiotensin I and bradykinin 8, ~6,ss 

With the hope of obtaining a better understanding of 
the structural requirements for inhibition of angiotensin- 
converting enzyme by venom peptides, we have prepared 
and tested a large number of analogs of the peptides from 
Bothrops ]araraca venom. The structures of these analogs 
(Table II) are all related to those of the naturally occurring 
pentapeptide (1), nonapeptide (31), or decapeptide (46); 
all peptides are aligned to permit direct comparison of 
their C-terminal amino acid residues. Most of the anMogs 
of the pentapeptide (2-28) contain the more stable amino 
acid phenylalanine, rather than tryptophan, but  this sub- 
stitution does not appear to affect inhibitory activity (cf. 
peptides I and 2). Peptides were synthesized by solid- 
phase methods, or in solution by fragment-condensation 
methods~l, ~2. Their inhibitory potencies were tested 
against activities of crude or homogenous preparations of 
angiotensin-converting enzyme of rabbit  lung, assayed 
spectrophotometrically or spectrofluorometrically 8, ~ 26. 

Although angiotensin-converting enzyme cleaves di- 
peptide residues from its substrates, it is an exopeptida- 
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se ~-~4, fo r  w h i c h  t h e  p r e s e n c e  on  t h e  s u b s t r a t e  of  a f ree  C- 
t e r m i n a l  c a r b o x y l  g r o u p  is a n  a b s o l u t e  r e q u i r e m e n t  for  
a c t i v i t y .  T h e  s a m e  r e q u i r e m e n t  is o b s e r v e d  for  i n h i b i t i o n  
of  a n g i o t e n s i n - c o n v e r t i n g  e n z y m e  b y  t h e  v e n o m  p e p t i d e s  
or  t h e i r  ana logs ;  p e p t i d e s  18 a n d  45, w h i c h  d i f f e r  f r o m  t h e  
p o t e n t  i n h i b i t o r s  2 a n d  3 I ,  r e s p e c t i v e l y ,  o n l y  b y  t h e i r  l ack  
of  a C - t e r m i n a l  c a r b o x y l  g r o u p  ( p y r r o l i d i n e  r e p l a c e s  p r o -  
l ine) ,  a re  c o m p l e t e l y  i nac t i ve .  M e t h y l  e s t e r  or  a m i d e  der i -  
v a t i v e s  of  p e p t i d e  2 r e t a i n  o n l y  5 a n d  2 % ,  r e spec t i ve ly ,  of 
i t s  i n h i b i t o r y  a c t i v i t y .  

O t h e r  s t r u c t u r a l  f e a t u r e s  t h a t  a f f ec t  t h e  a b i l i t y  of  a 
p e p t i d e  to  s e rve  as  a s u b s t r a t e  for  a n g i o t e n s i n - c o n v e r t i n g  
e n z y m e  s e e m  to  be  c o n f i n e d  to  t h e  a m i n o  ac id  r e s i d u e s  
c o m p o s i n g  t h e  C - t e r m i n a l  t r i p e p t i d e .  Th i s  w o u l d  i n d i c a t e  
t h a t  o n l y  t h e  l a s t  t h r e e  a m i n o  ac id  r e s i d u e s  of  s u b s t r a t e s  
i n t e r a c t  s i g n i f i c a n t l y  w i t h  t h e  a c t i v e  s i t e  o f  t h e  e n z y m e  ; in  
a g r e e m e n t  w i t h  t h i s  h y p o t h e s i s ,  t h e  p r o t e c t e d  t r i p e p t i d e  
Z - P h e - H i s - L e u  ~ h a s  a Km v a l u e  ( b i n d i n g  a f f in i ty )  e q u a l  to  
t h a t  of  t h e  c o m p l e t e  d e c a p e p t i d e  a n g i o t e n s i n  I s, x~, 2~. As  
l o n g  as  s u b s t r a t e s  pos se s s  a f ree  c a r b o x y l  g roup ,  m a n y  
d i f f e r e n t  C - t e r m i n a l  d i p e p t i d e  r e s i d u e s  a p p e a r  to  be  equa l -  
l y  s u i t a b l e  as  l e a v i n g  g r o u p s  ~ - ~ ,  b u t  a n g i o t e n s i n - c o n v e r t -  
i ng  e n z y m e  does  n e t  r e a d i l y  h y d r o l y z e  p e p t i d e s  c o n t a i n i n g  
a p e n u l t i m a t e  i m i n o  ac id  s u c h  as  p ro l ine ,  o r  a C - t e r m i n a l  
d i c a r b o x y l i c  a m i n o  ac id  s u c h  as  g l u t a m i c  ac id  x~. Sub-  
s t r a t e s  c o n t a i n i n g  a p h e n y l a l a n i n e  r e s i d u e  in  t h e  t h i r d  po -  
s i t i on  f r o m  t h e  C - t e r m i n u s  a re  b o u n d  m u c h  m o r e  t i g h t l y  
to  t h e  e n z y m e  t h a n  t h o s e  h a v i n g  o t h e r  r e s i d u e s  in  t h i s  
p o s i t i o n  ~ - ~ .  S i m i l a r  s t r u c t u r e - a c t i v i t y  c o r r e l a t i o n s  a re  
o b t a i n e d  for  t h e  C - t e r m i n a l  t r i p e p t i d e  r e s i d u e s  of  t h e  in-  
h i b i t o r s ,  i n d i c a t i n g  t h a t  t h e s e  r e s i d u e s  a re  b o u n d  to  t h e  
e n z y m e  in  a m a n n e r  a n a l o g o u s  to  t h e  c o r r e s p o n d i n g  res i -  
dues  of  s u b s t r a t e s .  T h u s ,  a p e n u l t i m a t e  p r o l i n e  r e s i d u e  
( p e p t i d e s  15, 23,  a n d  m o s t  a n a l o g s  of  31 or  46) or  a C- te r -  
m i n a l  g l u t a m i c  ac id  r e s i d u e  ( p e p t i d e  17) g r e a t l y  dec rea se s  
t h e  a c t i v i t y  of  t h e  p e p t i d i c  i n h i b i t o r s .  I n h i b i t o r  ana logs  
l a c k i n g  a p h e n y l a l a n i n e  or  t r y p t o p h a n  r e s i d u e  in  t h e  t h i r d  
p o s i t i o n  f r o m  t h e  C - t e r m i n a l  e n d  a re  m u c h  less  a c t i v e  
( p e p t i d e s  9 -11 ,  a n d  m o s t  a n a l o g s  of  p e p t i d e s  31 a n d  46) 
t h a n  a re  t h o s e  t h a t  c o n t a i n  s u c h  a n  a r o m a t i c  r e s idue .  I n -  

Table I. Snake-venom Peptides that inhibit angiotensin-converting 
enzyme a 

Bothrops jararaca 
< Glu-Lys-Trp-Ala-Pro ref.lS, l~ 

< Glu-.Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pro ref.2~ 
Glu-Asn-.Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pro ref. 20,24 

Glu-Trp-Pro-Arg-Pro-Thr-Pro-Gln-Ile-Pro-Pro ref. 2~ 
Glu-Asn-Trp-Pro-His-Pro-Gln-Ile-Pro-Pro ref.~~ 

< Giu-Gly-Gly-Trp-Pro-Arg-Pro-Gly-Pro-Glu-Ile-Pro-Pro rcf. 2~ 
< Glu-Ser-Trp-Pro-Gly-Pro-Aslx-IIe-Pro-Pro ref.~~ 

Agkistrodon halys blomho]/ii 
Glu-Gly-Leu-Pro-Pro-Arg-Pro-Lys-IIe-Pro-Pro ref. e~-2~ 

< Gln-Gly-Leu-Pro-Pro-Gly-Pro-Pro-Ile-Pro-Pro ref.2~-28 
< Glu-Lys-Trp-Asp-Pro-Pro-Pro-Val-Ser-Pro-Pro ref. 2~-2~ 

< G l u  is one of the designations for pyrrolidone-5-carboxylic acid 
(pyroglutamic acid) suggested by the 1UPAC-IUB Commission on 
Biochemical Nomenclature (ref.48). 
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A l t h o u g h  p e n t a p e p t i d e  1 or i ts  p h e n y l a l a n i n e  ana log  2 
( the mode l  for m o s t  of our  analogs) does not ,  a t  f i r s t  s ight ,  
a p p e a r  to  be s t r u c t u r a l l y  r e l a t ed  to  t h e  longer  n a t u r a l l y  
occur r ing  pep t ides  such  as 31, our  s tud ies  w i t h  ana logs  of 
b o t h  t ypes  of pep t ides  i nd i ca t e  t h a t  t he  p e n t a p e p t i d e s  
i n t e r a c t  w i t h  t he  e n z y m e  in a m a n n e r  s imi lar  to  t h a t  of t h e  
longer  pept ides .  N o n a p e p t i d e  31 lacks an  a r o m a t i c  a m i n o  
acid res idue  in  t he  t h i r d  pos i t ion  f rom i ts  C- t e rmina l  end  
a n d  has  a p ro l ine  res idue in i ts  p e n u l t i m a t e  pos i t ion  ; i t  is, 
accordingly,  m u c h  less p o t e n t  as an  i n h i b i t o r  t h a n  is pep-  
t ide  2. However ,  as t h e  C- t e rmina l  p o r t i o n  of i ts  s t r u c t u r e  
is a l t e red  b y  s u b s t i t u t i o n  of t h e  des i rab le  a r o m a t i c  a m i n o  
acid res idue  (43), b y  r e p l a c e m e n t  of t he  undes i rab le  pro-  
l ine w i t h  a n  a lan ine  res idue  (44), or b y  b o t h  (30), t he  in- 
h i b i t o r y  a c t i v i t y  of t h e  r e su l t ing  ana logs  approaches  t h a t  
of p e n t a p e p t i d e  2. Similar ly ,  as t he  C- t e rmina l  po r t i on  of 
t he  p e n t a p e p t i d e  2 is a l t e red  to  look more  l ike t h a t  of t he  
longer  pep t ides  such  as 31 (pept ides  10 and  15), t i le  inhi-  
b i t o r y  p o t e n c y  of t h e  r e su l t i ng  ana logs  is decreased  ac- 
cordingly .  

As discussed above ,  t he  C- t e rmina l  t r i p e p t i d e  of t he  
v e n o m  pep t ides  compe tes  w i t h  t he  ana logous  C- t e rmina l  
t r i pep t ides  of s u b s t r a t e s  for b i n d i n g  to  t h e  ac t ive  s i te  of 
t h e  a n g i o t e n s i n - c o n v e r t i n g  enzym e ;  for t h i s  reason,  we 
will  refer  to  these  t h r ee  a m i n o  acid res idues  col lect ively  as 
t he  ' c o m p e t i t i v e  p o r t i o n '  of t h e  s t r u c t u r e  of t h e  v e n o m  
pept ides .  The  v e n o m  pept ides ,  however ,  are b o u n d  a t  
leas t  50-fold more  t i g h t l y  to  t h e  a n g i o t e n s i n - c o n v e r t i n g  
e n z y m e  t h a n  are f r a g m e n t s  cons is t ing  of on ly  t h e i r  C-ter- 
m i n a l  t r i p e p t i d e  sequences,  and  t h e y  are b o u n d  100- to  
1000-fold more  t i g h t l y  t h a n  are s u b s t r a t e s  n o r m a l l y  em- 
p loyed  for assay  of t he  e n z y m e  ~-10, ~.  Th i s  e x t r a  b i n d i n g  
aff in i ty ,  above  a n d  b e y o n d  t h a t  confer red  b y  t he  compe t i -  
t i ve  C- te rminM t r ipep t ide ,  m u s t  be  due  to amino  acid re- 
s idues in  t h e  r emMning  p o r t i o n  of t h e  molecule.  The  grea- 
t e r  i n h i b i t o r y  p o t e n c y  of p e n t a p e p t i d e  2 c o m p a r e d  w i t h  
i ts  C- t e rmina l  f r a g m e n t s  19  and  20 ind ica tes  c lear ly t he  
i m p o r t a n c e  of t he  N - t e r m i n a l  res idue  < Glu-Lys  for t he  
i n h i b i t o r y  a c t i v i t y  of th i s  p e n t a p e p t i d e .  M a n y  subs t i tu -  
t ions  for these  two  a m i n o  acid res idues  of pep t ide  2 yie ld  
pep t ides  t h a t  are no more  p o t e n t  as i n h i b i t o r s  t h a n  are the  
C- t e rmina l  f r a g m e n t s  a lone (4, 7, 8). G l u t a m i n e  or nor leu-  
cine (5, 6), however ,  m a y  be  s u b s t i t u t e d  for Iysine, 'and 
cyc loa tkane  ca rboxy l i e  acids  (e.g. 3) m a y  be  s u b s t i t u t e d  
for py r ro l idone  ca rboxyl ic  acid to  give h igh ly  p o t e n t  ana-  
logs. The  ana logous  N - t e r m i n a l  po r t i on  of t he  longer  ve- 
n o m  pep t i de  31 is < G l u - T r p - l ~ r o - A r g - P r o - G l n  - ; t h e  im- 
p o r t a n c e  of t h i s  res idue  for i n h i b i t i o n  of t he  conve r t i ng  
e n z y m e  is ev idenced  b y  t he  fac t  t h a t  t h e  C- t e rmina l  t r i -  
pep t i de  f r a g m e n t s  of pep t ide  31 are n o t  b o u n d  t i g h t l y  
enough  to  t he  e n z y m e  b y  t h e m s e l v e s  t o  p roduce  signifi-  
c a n t  inh ib i t ion .  W h e n  one examines  t h e  i n h i b i t o r y  act i -  
v i t y  of pep t ides  w i t h  t h e  same  c o m p e t i t i v e  C - t e r m i n a l  
t r ipep t ide ,  b u t  w i t h  N - t e r m i n a l  po r t i ons  cons is t ing  of 
e i the r  < G l u - L y s - o r  < G l u - T r p - P r o - A r g - P r o - G l n -  (I@ and  
15  vs  44  a n d  43), t he  l a t t e r  sequence  appea r s  to  confer  
g rea te r  a f f in i ty  for t he  enzyme.  S u b s t i t u t i o n s  in  t he  N- te r -  
m i n a l  po r t i on  of pep t ide  31 (pept ides  3 2 4 2 )  ind ica te  t h a t  
t r y p t o p h a n  is one of t h e  m o s t  i m p o r t a n t  residues.  The  
py r ro l i done  ca rboxyl ic  acid res idue  of n o n a p e p t i d e  31 m a y  
be  replaced  b y  a cyc lopen t ane  ca rboxy l i c  acid res idue  w i t h  
s ign i f ican t  increase  in  i n h i b i t o r y  ac t iv i ty .  

Severa l  pep t ides  t h a t  r ep re sen t  f r a g m e n t s  of or add i -  
t ions  to  t h e  s t ruc tu re s  of t he  n a t n r M l y  occur r ing  pep t ides  
t e n d  to  con f i rm  some of t h e  s t r u c t u r e - a c t i v i t y  cor re la t ions  
discussed above .  Most  such  ana logs  of t he  p e n t a p e p t i d e  
(19-3{t) were m u c h  less p o t e n t  t h a n  t he  p a r e n t  compound ,  
b u t  severa l  the& inco r po r a t ed  t h e  u n a l t e r e d  c o m p e t i t i v e  
C- t e rmina l  t r i p e p t i d e  sequence  P h e - A l a - P r o  were rea-  
sonab ly  act ive ,  inc lud ing  t he  u n s u b s t i t u t e d  t r i p e p t i d e  i t-  

Table II. Inhibition of angiotensin-converting enzyme by synthetic 
analogs of peptides from Bothrops jararaca venom 

Number Strueture ts~ (jug/ml) 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
18 
16 
17 

18 
19 
20 
21 
22 
2a 
24 
25 
26 
27 
28 
29 
30 

31 

32 
33 
34 
35 
36 
37 
38 
39 
4O 
41 
42 

43 
44 
45 

46 

47 
48 
49 
5o 
51 
52 
53 
54 
55 
56 
57 

< G l u - L y s - T r p - A l a - P r o  0.05 

< Glu-Lys-Phe-Ala-Pro 0.05 
Cpe-Lys-Phe-Ala-Pro 0.06 
Boc-Lys-Phe-Ala-Pro 5.2 

% Glu-Nle-Phe-Ala-Pro 0.2 
% Glu-Gln-Phe-AIa-Pro 0.4 
% Glu-Glu-Phe-Ala-Pro 3.0 
< Glu-Thr-Phe-Ala-Pro 5.5 
< GIu-Lys-Pro-Ala-Pro 1.1 
% Glu-Lys-Ile-Ala-Pro 1,6 

< Glu'-Lys- Ser-Ala-Pro 2.4 
< Glu-Lys4rp-Ala-Pro 72 

< Glu-Lys-Phe-Lac-Pro 0.06 
< GIu-Lys-Phe-Gly-Pro 0.1 
<Glu-Lys-Phe-Pro-Pro 3.3 
< Glu-Lys-Phe-Ala-Ala 0.06 
< Glu-Lys-Phe-Ala-Glu 2.0 
< Glu-Lys-Phe-Ata- Pyn > 200 

Lys-Trp-Ala- Pro 1.2 
Phe-Ala-Pro 1.4 

Ala-Pro 50 
< Glu-Phe-Ala-Pro 2.7 

< Glu-Lys-Phe-Ala-Pro-Pro 4.8 
% Glu-Lys-Phe-Ala 7.5 

Boc-Phe-Ala-Pro 17 
< Glu-Lys-Phe 50 

< Glu-Lys-Phe-Pro> 200 
< Glu-Ile-Pro-Pro-Lys-Phe-Ala-Pro 0.3 

< Glu-Lys-Phe-Ala-Pro-Gln-Ile-Pro-Pro 3.3 
< Glu-Trp-Pro-Arg-Pro-Lys-Phe-Ala-Pro 0.05 

< G l u - T r p - P r o - A r g - P r o -  G i n -  I l e - P r o - P r o  1.1 

Cpe-Trp-Pro-Arg-Pro-Gln-Ile-Pro- Pro 0.2 
< Glu-Tyr-Pro-Arg-Pro-Glnqle-Pro- Pro 2.6 

< Glu-Phe-Pro-Arg-Pro-Gln-Ile-Pro-Pro 2.8 
< Glu-Leu-Pro-Arg-Pro-Gln-Ile-Pro-Pro 6.5 
< Glu-Gly-Pro-Arg-Pro-Gln-Ile-Pro-Pro 6.5 
< Glu4rp-Pro-Arg-Pro-Gin-tle-Prc-Pro 7.0 

< Glu-Trp-Pro- Lys- Pro-Gln-Ile- Pro-Pro 1.5 
< Glu-Trp-Pro-His-Pro-Gln-Ile-Pro-Pro 1.9 
< Glu-Trp- Pro-Gly- Pro-Gln-Ile-Pro- Pro 1.9 
< Glu-Trp-Pro-Orn-Pro-Gln-Ile-Pro-Pro 2.5 
< Glu-Trp-Pro-arg-Pro-Gln-Ile-Pro-Pro 9.0 

< Glu-Trp-Pro-Arg-Pro-Gln-Phe-Pro-Pro 0.3 
< Glu-Trp-Pro-Arg-Pro-Gln-Ile-Ala-Pro 0.4 

< Glu-Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pyn> 200 

< G l u - A s n - T r p - P r o - A r ~ - P r o - G l n ~ I l e - P r o - P r o  3.7 

< Glu-Glu-Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pro 4.5 
< Glu-Lys-Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pro 5.0 

Pro-Arg-Pro-Gln-Ile-Pro-Pro 9.6 
Arg- Pro-Gln-IIe-Pro-Pro 32 

Z-Pro-Gln-Ile-Pro-Pro 78 
< Glu-Ile-Pro-Pro> 200 

< Glu-Trp-Pro-Arg~Pro 14 
Pro-Arg-Pro-Gln-Ile 77 

% GIu-Arg-Pro-GIn-Ite-Pro> 200 
< Gtu-Trp-Pro>200 

< Glu-Trp> 200 

Naturally occurring peptides are shown in boldface, and D-amino 
acids are written uneapitMized in italics; abbreviations are: % Glu, 
pyrrolidone-5-carbonyl; Cpc, cyclopentylcarbonyl; Boc, t-butyloxy- 
carbonyl; Lac, Lactyl; Pyn, pyrrolidinyl; Z, benzyloxycarbonyl. 
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self (20). Pept ides  23 and 29 incorporate  pept ide  sequen- 
ce 2, bu t  con ta in  addi t ional  C- terminal  residues. How- 
ever, as viewed from the  C-terminal  end, the  enzyme 's  
po in t  of view, t h e y  are ve ry  different  in s t ruc ture  f rom 
pen tapep t ide  2, and they  are about  100-fold less po ten t  as 
inhibitors.  Pept ides  28 and 30, each of which incorporates  
essential ly the  sequence of pept ide  2 at  the  C-terminal  end 
of its s t ructure,  have  inhib i tory  potencies  s imilar  to t ha t  
of pen tapep t ide  2. Pept ides  49 to 57 are f ragments  of the  
nonapept ide  31. I n  this  case, i t  appears  t ha t  at  least  the  
C-terminal  pen tapep t ide  sequence -P ro -Gln - I l e -P ro -Pro  
is required for s ignif icant  inhibi t ion (peptide 51). 

Kine t ic  da ta  repor ted  elsewhere 26, as well as the  struc- 
tu re -ac t iv i ty  correlat ions described in this paper,  indicate  
t ha t  all  of the  pept ides  found in the venom of Bothrops ja- 
raraca are bound to angio tens in-conver t ing  enzyme in a 
manner  t h a t  is, in part ,  ident ical  to the  binding of sub- 
s trates  for this  enzyme;  this compet i t ive  in terac t ion  is 
necessary, but  no t  sufficient, for inhibi t ion.  The venom 
peptides,  unl ike substrates,  are also bound to a second 
por t ion  of the  enzyme;  this second in te rac t ion  grea t ly  in- 
creases their  inh ib i tory  potency.  These two interact ions  

of the  venom pept ides  wi th  angiotens in-conver t ing  enzyme 
combine  to produce ex t remely  potent ;  as well  as h ighly  
specific, inhibitors.  

Zusammen[assung. Nachweis  mi t  Analogen der im Gifte 
yon Bothrops jararaca gefundenen Pept ide,  dass die Inhi-  
h ib i t ion des Angiotensins <<converting enzyme}> yon zwei 
e indeut igen Tei lsequenzen dieser Pept ide  abh/ingig ist. Die 
hohe spezifische kompet i t ive  Inhibi t ion,  hervorgerufen 
durch die Pept ide  yon Bothrops jararaca, wird der B indung  
ihrer Tr ipept idres te  yore Carboxyte rminus  mi t  dem akti-  
yen Zen t rum des E n z y m s  zugeschrieben, die in gleicher 
Weise wie die Pep t idsubs t ra te  mi t  dem E n z y m  gebunden 
werden. Die Wi rksamke i t  der Gif tpept ide  h/ingt yon der 
Bi l ldung eines zweiten Teiles der Pept ide  mi t  dem E n z y m  
ab. 
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C O G I T A T I O N E S  

L-Methionin als Regulator der Spannung yon Collagen 

Das Macromolekti l  Collagen, das im K6rper  in vie len 
Organen als Fibr i l len nnd ill re inster  F o r m  in den Sehnen- 
fasern vo rhanden  ist, ha t  eine charakter is t ische Stabi l i -  
t/it. Diese erklArt man  als die Folge yon intra-  und 
in termolekularen  kova len ten  ~crosslinks~> (Vernetzungen) 
zwischen den hel ikal  angeordneten  Protein-F/ iden.  

Bei Zerst6rung yon H-Br i icken  durch Tempera tu r -  
Wirkung,  sowie yon <~covalenten crosslinks}> erscheinen 
Spannungen.  Isotonisch gemessen zeigt sich Schrump-  

tung (Verktirzung); isometr isch gemessen, Spannungen  
von sehr erheblicher Gr6sse. Diese sind nicht  reversibel.  

Demgegeni iber  kann man  /ihnlich grosse Spannungen  
erhalten,  wenn mall  aus Collagen mi t  hyper tonen  
(hochmolaren) Salzl6sungen, (wie NaC104 5 M oder K J,  
2~bis 7 M etc.), der Faser  H20  entzieht .  Diese Spannung 
ist  in Wasser, in Ringer-L6sung oder in physiologischem 
NaC1 (0.15 M) reversibel.  Die Collagen Fibri l le  kehr t  in 
ihren vor igen Zustand zuriick (Figuren 1 und 3). Die Re-  

1, 2, 
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Fig. 1-4. A)Isometrische Spannungs-Entwicklung durch ~ 5M NaC104 und danach Erschlaffung ~ mit physiol. NaC1 (0.15M). Zweimal 
wiederholt. B) Einlegen in 1% Methionin (10 rain) vermindert die Spannungsentwicklung dutch 5M NaCIO~. Mehrfach wiederholt. 
C) In Figuren 2 und 4 verst~irkt die Vorbehandlung der Sehne mit 0.035% HCOH die Spannungsentwicklung. Figuren 1 und 2 : 6  
Monate (junge), Figuren 3 und 4:28 Monate (alte) Tiere. Vertikal: Spannung in g; horizontal: Zeit in rain. 


