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Polymeric Collagen Isolated from Squid (Loligo peallii) Connective Tissue 

STEVEN and his co-workers have adopted and developed 
with considerable success the Nishihara technique for the 
solubilization f r o m  tissues of collagen in polymeric 
form1-6. The method which involves pretreatment of the 
tissue with crude bacterial e-amylase has been applied 
to various tissues including skin, tendon, intervertebral 
disc, cornea and intestinal submucosa but has not yet 
been applied to invertebrate connective tissues. The 
present report is a preliminary account of the extraction 
of a polymeric collagen from the mantle wall tissue of the 
squid Loligo peallii using the Nishihara method. 

Materials and methods. Squid mantle wall tissue was 
homogenized in 5% w/v sodium chloride solution at 4 ~ 
The homogenate was centriiuged and the insoluble com- 
ponent washed in 0.5 M NaC1 by repeated centrifugation 
until the supernatant was clear and protein-free. The 
residue was washed exhaustively with distilled water 
and then digested with bacterial ~-amylase2, 7 in 0.22M 
phosphate buffer at p H  5.4 for 4 days at 4~ During 
digestion the homogenate was transformed from an even 
suspension to flocullated masses. 

The digest was centrifuged down, washed repeatedly 
with 5% sodimn chloride followed by water and then 

homogenized in a large volume of 0.2M acetic acid. The 
suspension was stirred for 24 h and then centrifuged at 
300 g for 20 rain. The opalescent viscous supernatant 
contained virtually all of the enzyme-digested homogenate 
a small residue remaining. Only a small percentage (less 
than 10%) of the total collagen of the squid body wall 
is extractable by neutral salt solution or acid buffer 
without e-amylase pretreatment s. Samples were taken 
for electron microscopy from this dispersate. Addition 
of sodium chloride to the dispersate to a concentration of 
5 ~  or adjustment of the pH to 7.0, produced a mass of 
collagen fibres which could be wound onto a glass rod. 
Samples for amino acid and carbohydrate analysis were 
repeatedly precipitated in this manner from 0.2M acetic 
acid before washing and drying from acetone'. Amino acid 
analyses were carried out on a Technicon analyser. 
Analyses of carbohydrates were carried out by a com- 
bination of colorimetric methods and gas-liquid chro- 
matography 9. 

Res~dts and discussion. Electron microscopy of the 
dispersed collagen fibres negatively stained with phos- 
photungstic acid (Figure) showed fibrils with the 680 A 
repeat  striation typical of collagen. The fibrils are un- 

Squid mantle wall polymeric collagen fibrils 
negatively stained with phosphotungstic acid 
(pH 7.0) • 80,000, showing thin fibrils with 
680 • periodicity (A), swollen stocking-like 
regions (b) and regions which while swollen 
still show characteristic striations (C). 
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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  


