
15. 11. 1970 Specialia 1205 

usual ly na r row (300 ~_ diameter)  and  the  s t r ia t ions  are 
r a the r  weak a l though  the  fibrils appear  clean. Nar row 
fibrils of polymer ic  collagen resembl ing  these  have  been  
no ted  elsewhere 6,~~ and  in the  p resen t  case the re  is 
evidence of t he  par t ia l  unravel l ing  of fibrils to  show the  
' s tocking '  t y p e  s t ruc tu re  of protof ibr i ls  no ted  by  STEVEN 
in in tes t ina l  submucosaI  polymer ic  collagen 6. 

Amino  acid composi t ions  of i nve r t eb ra t e  collagens are 
more  var ied t h a n  those  of ve r t eb ra t e  mater ia ls .  T h a t  of 
the  squid collagen isolated here  is b road ly  typ ica l  (Table) 
of i nve r t eb ra t e  collagens a l though  the  glycine con ten t  is 
lower t h a n  migh t  be expec ted  of con t aminan t - f r ee  col- 
lagen. The hydroxypro l ine ,  prol ine and hyd roxy lys ine  
values  are wi th in  the  ranges found in o the r  i nve r t eb ra t e  
collagens ~. No 3-hydroxypro l ine  was detec ted .  The 
hydroxypro l ine  con ten t  e s t ima ted  color imetr ical ly  is 
r a the r  low (5.35% of the  weight)  which  is supr is ing 
in v iew of t he  clean electron microscopic  appea rance  of 
the  mate r ia l  and  the  low hexosamine  con ten t  (below). 

The squid collagen conta ins  4.42% neu t ra l  sugar and  
0.032% hexosamine .  The neu t ra l  sugar is main ly  glucose 
and  galactose in 1:1 molar  rat io wi th  small  amou n t s  of 
mannose  and fucose and  a t race  of xylose. The q u a n t i t y  
of neu t ra l  c a r b o h y d r a t e  p re sen t  is g rea te r  t h a n  in mos t  
ve r t eb ra t e  collagens bu t  is lower t h a n  in m a n y  inver-  
t eb r a t e  collagens 1L The presence  of glucose and  galactose 
or galactose alone, as p r e d o m i n a n t  monosacchar ides ,  is 
a charac ter i s t ic  fea ture  of ve r t eb ra t e  and  i nve r t eb ra t e  
collagens ~2, ~3. 

The reasons for t he  ind i s t inc tness  of the  band ing  pa t -  
t e rn  in the  collagen fibres is no t  clear; th is  m a y  be 
connec ted  wi th  the  modera t e ly  e leva ted  c a r b o h y d r a t e  
con t en t  as m a y  be the  th inness  of the  fibrils 9. I t  is 
of in te res t  to  note  t h a t  t h in  po lymer ic  collagen fibres 
closely resembl ing  the  p resen t  ones can be isolated 
f rom v e r t e b r a t e  cornea l~  b o t h  cornea  and squid skin 

Amino acid composition of squid mantle wail polymeric collagen 

Residue Composition Residue Composition 

Hydroxyproline 90 Isoleucine 17 
Aspartic acid 68 Leueine 38 
Threonine 33 Tyrosine 10 
Serine 72 Phenylalanine 18 
Glutamie acid 88 Hydroxylysine 16 
Proline 78 Lysine 21 
Glyeine 298 Histidine 7 
Alanine 75 Arginine 48 
Valine 23 

Amino acids in residues per 1000 total residues. Serine, threonine 
and tyrosine corrected for hydrolytic losses. 

contain the unusual unsulphated mucopolysaccharide 
chondroitinla, l~. The lack of strong banding may how- 
ever indicate conformational abnormality of the tropo- 
collagen; the IR-spectrum shows that the N-H stretching 
mode has its peak at the unusually low value of 3290 cm -I 
in contrast to 3330 cm -I for most collagens. This observa- 
tion would suggest that the stabilizing hydrogen bonds 
are shorter than normallK 

The Nishihara method can thus be equally applied to 
preparation of insoluble collagen in improved yields from 
vertebrate and invertebrate tissues. 

Rdsumd. On a isol~ du cotlag6ne na ture l  et  polymgre  
du t issu du m a n t e a u  du ca lmar  Loligo peallii par  la 
m~thode  de Nishihara ,  les f ibres p r6sen tan t  au microscope 
6lectronique nne  p~riodicit6 de 680 A. Le collag~ne a une  
composi t ion  typ ique  d ' ami n o  acides et  eon t ien t  l ' h y d r a t e  
de carbone  darts une p ropor t ion  res t re in te ;  p r inc ipa l emen t  
sous forme de glucose et  de galactose.  
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Structure of Bradykinin-Potentiating Peptide Containing Tryptophan from the Venom of Agkistrodon 
halys blomhoffii 

In  a previous  paper  l, we have  repor ted  on the  isolat ion 
of 5 b r a d y k i n i n - p o t e n t i a t i n g  pep t ides  (poten t ia tors  A, t3, 
C, D and  E) and  an examina t i on  of the i r  amino  acid com- 
posi t ion.  These pep t ides  p o t e n t i a t e d  the  b radyk in in  act ion 
on guinea-pig  i leum in vi tro.  Out  of these  f ive pept ides ,  
the  amino  acid sequence of t he  p o t e n t i a t o r  B has been  
d e t e r m i n e d  to  be as follows 2: 

Pyr-Gly-Leu-Pro-Pro-Arg-Pro-Lys-Ile-Pro-Pr0 

This paper  describes the amino  acid sequence of the  
p o t e n t i a t o r  E, which  conta ins  t r y p t o p h a n  and  has  an 
amino  acid compos i t ion  which  is dissimilar  to  t h a t  of the  
o t h e r  po t en t i a to r s  A, t3, C and  D. 

The N- te rmina l  amino  acid of t he  p o t e n t i a t o r  E was  
no t  de tec ted  by  E d m a n  degrada t ion ,  bu t  a C- terminal  
amino  acid was found, by  hydrazinolysis ,  to  be proline.  
F r o m  the  t r y p t i c  hydro lysa t e  of p o t e n t i a t o r  E, 2 pep t ide  
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f r agments ,  E-T-1  a nd  E-T-2,  were sepa ra t ed  b y  p a p e r  
e lec t rophores is  a t  p H  3.5. The i r  a m i n o  acid compos i t ions  
are  shown in t he  Table .  E-T-2  was a d ipep t ide  c o n t a i n i n g  
i m o l e  of g lu t amic  acid and  1 mole  of lysine. Carboxy-  
pep t idase  B d iges ted  E-T-2  to  free lysine a n d  py rog lu t -  
amic  acid, wh ich  were ident i f ied  b y  p a p e r  e lec t rophores is  
a t  p H  3.5. F r o m  this ,  t h e  a m i n o  acid sequence  of E-T-2  
was deduced  to be  Pyr -Lys .  

T h e  C- te rminM a m i n o  acid of E-T-1  was found  b y  
hydraz ino lys i s  to  be  prol ine ,  The  a m i n o  t e r m i n a l  p a r t  of 
E-T-1 was conf i rmed  b y  d i rec t  E d m a n  d e g r a d a t i o n  to  be  

Trp-Asp-Pro-Pro-Pro-Vai- 

E-T-1 was hyd ro lyzed  w i t h  a p ro tease  f rom Streptomyces 
griseus, and  f rom the  h y d r o l y s a t e  free t r y p t o p h a n ,  va l ine  
a n d  2 pep t i de  f r agmen t s ,  E - T - l a  a n d  E - T - l b ,  were 
s epa ra t ed  b y  pape r  c h r o m a t o g r a p h y  (n -bu tano l  : py r id ine  : 
acet ic  acid : w a t e r  = 15 : 10 : 3: 12). The  N - t e r m i n a l  a m i n o  
acid of E - T - l a  was  found  b y  d i rec t  E d m a n  d e g r a d a t i o n  
to be  a spa r t i c  acid and  t h a t  of E-T- 1 b was found  b y  sub t rac -  
t i r e  E d m a n  d e g r a d a t i o n  to  be serine. Cons idera t ion  of 
these  resul t s  a n d  t he  a m i n o  acid compos i t ions  of E - T - l a  
a n d  E - T - l b  (Table),  led to t he  conc lus ion  t h a t  t h e  a m i n o  

Amino acid composition of potentiator E and its fragments 

Amino E E-T-1 ]~-T-2 E-T-1 a E-T-1 b 
acid 

Trp 0.8 ~ (1) N.D. (1) 
Lys 0.7 (1) 0.9 (1) - 
Asp 0.8 (1) 1.2 (1) - 1.0 (1) 
Ser 0.7 (1) 0.9 (1) - 0.8 (1) 
Gltl 1.0 (1) 1.0 (1) - - 
Pro 4.1 (5) 5..1 (5) - 3.0 (3) 2.0 (2) 
Val 1.1 (1) 1.0 (1) - 

N.D., not determined. ~ Determined spectrophotometrieally by the 
method of GOODWIN and MORTON 5. 

acid sequence  of E - T - l a  and  E - T - l b  m u s t  be Asp-Pro-  
P ro -P ro  a n d  Se t -Pro-Pro ,  respect ively .  

The  ful l  s t r u c t u r e  of t he  p o t e n t i a t o r  m u s t  the re fo re  be  
P y r - L y s - T r p - A s p - P r o - P r o - P r o - V a l -  Se t -Pro-Pro .  

A n o t h e r  b r a d y k i n i n - p o t e n t i a t i n g  pep t ide  which  con- 
t a in s  t r y p t o p h a n  ha s  been  isola ted f rom the  v e n o m  of 
Bothrops ]araraca and  found  b y  ~'ERREIRA et  a l )  to  h a v e  
t he  s t r u c t u r e  P y r - L y s - T r p - A l a - P r o  ( B P F  5a). The  N- ter -  
m i n a l  p a r t  of t he  p o t e n t i a t o r  E is s imi la r  to  t h a t  of t h e  
pep t ide  B P F  5a. A l t h o u g h  B P F  5a  h a d  a s t rong  po ten-  
t i a t i n g  a c t i v i t y  on  gu inea-p ig  i leum 4, the  p o t e n t i a t o r  E 
h a d  a weak  a c t i v i t y  in t he  same  expe r imen t .  As aga ins t  
this,  however ,  t he  p o t e n t i a t o r  E h a d  a p o t e n t  b r a d y k i n i n -  
p o t e n t i a t i n g  a c t i v i t y  on  t he  r a t  u te rus .  0.75 ~mole  of 
p o t e n t i a t o r  E h a d  a twofold  p o t e n t i a t i n g  effect  on t he  
b r a d y k i n i n  ac t ion  on  t h e  gu inea-p ig  i l eum a n d  0.015 [xmole 
of p o t e n t i a t o r  E h a d  t he  same  effect  on t h e  r a t  u terus .  
The  p o t e n t i a t o r s  B and  C had,  however ,  p o t e n t  b r a d y k i n i n -  
p o t e n t i a t i n g  ac t iv i t i es  on t he  gu inea-p ig  i leum, and  weak  
ac t iv i t i es  on t he  r a t  u terus .  These  resul t s  suggest  t h a t  the  
m e c h a n i s m  of t he  biological  ac t iv i t i es  of b r a d y k i n i n -  
p o t e n t i a t i n g  pep t ides  should  be  m a d e  t he  sub jec t  of 
f u r t h e r  s tudies .  

Zusammen/assung. Es  wird  fiber die S t r u k t u r a u f k l / i r u n g  
eines B r a d y k i n i n - p o t e n z i e r e n d e n  Pep t id s  aus  d e m  Gif t  
yon  Agkistrodon halys blomho//ii ber ich te t .  
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The Effect of Guanidinosucc in ic  Acid on in-v i tro  

Glucose in to le rance  is we l l -documen ted  in chronic  
u r e m i a  1. A l t h o u g h  t h e  ear ly  response  of insul in  to  var ious  
s t imul i  m a y  be  b lun t ed ,  t he  e v e n t u a l  a t t a i n m e n t  of 
n o r m a l  to  increased  levels has  sugges ted  t h a t  insu l in  
a n t a g o n i s m  m a y  p l ay  a role in  th i s  cond i t ion  1. Guan id ino -  
succinic  acid (GSA), u n d e t e c t a b l e  in n o r m a l  i nd iv idua l s  
( <  0.15 rag/100 ml) a c c u m u l a t e s  in t he  se rum of p a t i e n t s  
w i t h  r ena l  insuff ic iency (mean  -- 2.53 mg/100 ml) 2. I t  
has  been  p o s t u l a t e d  t h a t  t h e  ' de fec t  in cel lular  glucose 
u p t a k e  in u r emia '  is s econda ry  to  t h e  p resence  of th i s  
c o m p o u n d  3. Accordingly ,  t h e  effect  of G SA  on t he  in 
v i t ro  response  of t he  r a t  d i a p h r a g m  to glucose a n d  insul in  
was s tudied.  

Methods. The  r a t  d i a p h r a g m  assay  for a s se s smen t  of 
i ndu l in  a n t a g o n i s m  has  been  descr ibed  p rev ious ly  4. 
Briefly,  i t  invo lves  t he  serial  i n c u b a t i o n  of pa i red  hemi -  
d i aph ragms ,  f i rs t  in  2.0 m l  of buf fe red  glucose (2.0 mg/ml)  
a lone  a n d  t h e n  in m e d i a  c o n t a i n i n g  added  insu l in  
(500 ~U/ml) .  One of each  pa i r  of h e m i d i a p h r a g m s  was 
exposed  to  GSA (0.03 mg/ml) .  Thus ,  basa l  a n d  insul in-  
s t i m u l a t e d  glucose u p t a k e s  in  t he  presence  and  absence  

Carbohydrate  M e t a b o l i s m  

of GSA. were o b t a i n e d  on the  t issues f rom each  a n i m a l  
wh ich  avoids  t he  m a r k e d  v a r i a t i o n  obse rved  w i th  hemi -  
d i a p h r a g m s  f rom separa te  r a t s  1, 4. 

Results. The  Tab le  shows t h a t  GSA did no t  af fec t  
basa l  or i n su l i n - s t imu la t ed  glucose u p t a k e  of pa i red  r a t  
h e m i d i a p h r a g m s  in vi t ro .  The  insu l in  effect  ( I -B)  did 
no t  differ  w h e n  t he  t - tes t  for differences  be tween  pa i red  
obse rva t ions  was used to compa re  t h e  d a t a  b u t  was 
s ign i f ican t ly  increased (p < 0.05) in  t h e  presence  of GSA 
ii t he  t - tes t  for  differences b e t w e e n  m e a n s  was  ut i l ized.  

Discussion. The  d a t a  p re sen ted  here  do no t  s u p p o r t  
t he  hypo thes i s  t h a t  GSA a c c u m u l a t i o n  in u remia  is 
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