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F i b r o u s  Pro te in  U l t r a s t r u c t u r e  of G a s t r o p o d  P e r i o s t r a c u m  (Buccinum undatum L.) 

W e  wish to r e p o r t  here  some u l t r a s t r u c t u r a l  s tud ies  
w h i c h  h a v e  revea led  an  u n u s u a l  f ibrous  pro te in ,  resem- 
b l ing  f ibr inogen,  o rganized  in a h igh ly  d i s t inc t ive  m a n n e r  
to  form the  p e r i o s t r a c u m  of a gas t ropod  mollusc.  

The  shells  of mos t  b iva lve  a n d  gas t ropod  mol luscs  are 
covered  b y  a n  ou te r  p r o t e c t i v e  layer  of q u i n o n e - t a n n e d  
p ro t e in  called t h e  p e r i o s t r a c u m  1. E x a m i n a t i o n  of t h e  
superf ic ia l  appea rance ,  t e x t u r e  a n d  mechan ica l  p roper t i e s  
o5 the  t h i cke r  per ios t raca ,  such  as are found  in t he  larger  
mussels  a n d  whelks,  m i g h t  lead one t o  t h e  i n tu i t i ve  
conc lus ion  t h a t  these  ma te r i a l s  are p e r h a p s  e l abo ra t ed  
f rom f ibrous  p ro t e in  sub-uni t s .  I n  sp i te  of this,  s tudies  
of pe r ios t r aca  to  date ,  m a d e  a t  t he  u l t r a s t r u c t u r a l  level, 
h a v e  ind ica t ed  l i t t le  o the r  t h a n  a re la t ive ly  s imple  organ-  
i za t ion  of s o m e w h a t  a m o r p h o u s  c o n s t i t u e n t s  2-~. Such  

Fig. 1. a) Electron micrograph of sonicated Buccinum undatum 
periostracum negatively stained with phosphotungstic acid pH 5.6. 
• 63,000. 
b) Electron micrograph of sonicated B. undatum periostracum 
shadowed with Au/Pd. • 28,000. 
c) High resolution electron micrograph of B. undatum periostracal 
ribbon negatively stained with phosphotungstic acid pH 5.6 showing 
detail of the sub-unit structure. Arrows indicate points of shear 
and ends of sub-units. • 210,000. 
d) As for Figure 1, e but showing the broken end of a ribbon. Arrows 
indicate ends of sub-units. • 210,000. 
e) Electron micrograph of sheet of B. undatum periostracal ribbons 
in a larger fragment of sonicated periostracum. Negatively stained 
with phosphotungstic acid pH 5.6. • 21,000. Contrast in Figures a, 
c, d and e was improved by use of the 'out of focus masking' teeh= 
nique. 

s tud ies  h a v e  h o w e v e r  been  conf ined  to  t h e  p e r i o s t r aca  
of b iva lve  molluscs.  

T h e  p e r i o s t r a c u m  of t h e  S tenoglossan  m a r i n e  gas t ropod  
B u c c i n u m  u n d a t u m  L .  is a b rownish ,  tough,  h o r n y  m a t e -  
r ia l  o f ten  as m u c h  as 1000 [z th ick .  P r e l i m i n a r y  frag- 
m e n t a t i o n  of th i s  s u b s t a n c e  b y  m a c e r a t i o n  followed b y  
long per iods  (30 min)  of d i s rup t ion  in a n  u l t r ason ic  dis- 
i n t e g r a t o r  y ie lded suff ic ient ly  f ine ly  d iv ided  aqueous  
suspensions,  of t h e  c o n s t i t u e n t  s t r u c t u r a l  prote ins ,  for  
e x a m i n a t i o n  in t h e  e lec t ron  microscope.  These  s t r u c t u r a l  
prote ins ,  w h e n  n e g a t i v e l y  s t a ined  or shadowed,  can  be  
seen to  consis t  of wel l -def ined r ibbon- l ike  un i t s  w i t h  a 
d i s t i nc t ive  l ong i tud ina l  b a n d i n g  p a t t e r n  (Figures 1, a 
a n d  b). E x a m i n a t i o n  of t h e  nega t ive ly  s t a ined  p r e p a r a t i o n  
shown  in F igure  1, a ind ica tes  a f ibre  axis  r e p e a t  of t h e  
order  of 350 A. W i t h i n  each r e p e a t  u n i t  t he re  is a v e r y  
m a r k e d  double  b a n d  some 150 A wide whi le  b e t w een  
each  set  of these  double  b a n d s  t he re  can  be  d iscerned a 
m u c h  f a i n t e r  second pa i r  of b a n d s  s epa ra t ed  on  e i t he r  
side f rom t h e  la rger  b a n d s  b y  a d i s t ance  of a b o u t  50 A_ 
a n d  s epa ra t ed  f rom o n e a n o t h e r  b y  a d i s t ance  of a b o u t  
34 A. E a c h  r e p e a t  u n i t  h a s  a n  axis  of s y m m e t r y  n o r m a l  
to  t h e  long axis  of t h e  f ibre  or r ibbon .  T h e  basic  fibrils, 
f rom wh ich  t h e  r i b b o n s  a p p e a r  to  be  a s sembled  b y  
la te ra l  aggregat ion ,  can  be  c lear ly  d i s t ingu i shed  a n d  are  
s epa ra t ed  ~ b y  a cen t re  to  cen t re  d i s t ance  of 
a b o u t  70 A. More de ta i led  e x a m i n a t i o n  of t h e  r i b b ons  
(Figure 1, c) suggests  t h a t  t h e  p r o m i n e n t  fea tures  (un- 
s t a ined  in t h e  nega t ive ly  s t a ined  p repa ra t ions )  are  
g lobular  un i t s  p r o b a b l y  u n i t e d  b y  r o d - s h a p e d  regions.  
Our  o b s e rv a t i o n s  of t h e  t e r m i n a l  regions of t h e  r ibbons ,  
where  b reaks  h a v e  occur red  (Figure  1, d) or regions  where  
t h e  r i b b o n s  h a v e  sheared  (Figure 1, c), leads us to  
p o s t u l a t e  t h a t  t h e  basic  s u b - u n i t  of t h e  r i b b o n  is t h a t  
shown  in F igure  2, i.e. a dumbel l - l ike  molecule  cons i s t ing  
of 2 large spher ica l  or g lobular  nodules  a t  t h e  ex t r emi t i e s  
of a s lender  f i l a m e n t  a long which  are d i s t r i b u t ed  2 
smal ler  semispheres ,  s y m m e t r i c a l l y  a b o u t  t h e  cen t re  of 
t h e  long axis  of t h e  uni t .  This  model  of t h e  basic  perio-  
s t raca l  p ro t e i n  un i t  would  resemble  t h a t  wh ich  has  been  
sugges ted  for  t h e  f ib r inogen  molecule  5 whi le  t h e  s t r i a t ed  
per ios t raca l  p ro t e in  r i b b o n s  m i g h t  also be  l ikened to t he  
f ib r in  f ibre  in  t h e  end  to end  an d  side b y  side aggregat io  n 
of t h e  sub-un i t s .  P r e s u m a b l y  t h e  pe r ios t raca l  r i b b ons  
are s tab i l ized  b y  some fo rm of cross- l inking b e t w een  t he  
sub-uni t s .  

The  r i b b o n s  t hemse lves  seem to be  l a te ra l ly  aggrega ted  
in v ivo  in to  ex tens ive  sheet - l ike  s t r u c t u r e s  of l imi ted  
th ickness .  Th i s  is i nd ica t ed  b y  t h e  a p p e a r a n c e  of la rger  
f r a g m e n t s  w h e n  seen in t h e  e lec t ron  microscope 
(Figure 1, e) b u t  also b y  t h e  a p p e a r a n c e  of sect ions  of t he  
i n t a c t  pe r ios t r acum.  

The  e x t r e m e l y  t o u g h  n a t u r e  of t h e  p e r i o s t r a c u m  has  
led to excessive d i f f icul ty  in sec t ion ing  f ixed a n d  e m b e d d e d  
mate r ia l .  H o w ev e r  t h e  sect ion shown  in F igure  3, cu t  
w i t h  a d i a m o n d  knife  in  a p lane  pe rpend icu la r  to  t he  
surface  of t h e  pe r ios t r acum,  ind ica tes  a complex  l ame l l a r  
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Fig. 2. Proposed model for the structural protein sub-unit of B. 
undatum periostracum. 

s t r u c t u r e  bu i l t  up  f rom r i b b o n s  in wh ich  fea tu res  of t he  
s t r i a t ed  p a t t e r n  a l r eady  descr ibed  can  be  clear ly seen. 

Th i s  t y p e  of pa rabo l i c  l amel la r  s t ruc tu re ,  w i t h  t he  
a p p e a r a n c e  of t h e  f lower ing of sys t ems  of b u n d l e s  or 
shee ts  of fibres, h a s  been  n o t e d  e lsewhere;  p r inc ipa l ly  in  
a r t h r o p o d  cuticle 6, 7 b u t  also in  t h e  t un i c  of t u n i c a t e s  s. 
A s imi la r  p h e n o m e n a  has  been  n o t e d  for ce r t a in  l iquid  
c rys ta l  sys tems  9 a n d  in t h e  globules of oo theca l  s t r u c t u r e  
p ro t e i n  secre ted in to  t h e  l u m e n  of t h e  left  co l la te ra l  
g l and  of t h e  p r a y i n g  m a n t i s  10. 

A n  e x p l a n a t i o n  of th i s  t y p e  of pa rabo l i c  l ame l l a r  
s t r u c t u r e  has  been  proposed  6 on  t h e  bas is  of Moir6 pa t -  
t e rns  fo rmed  f rom fibri l  sys t ems  seen in obl ique  section.  
These  sys t ems  consis t  of supe r imposed  sheets  of fibres, 
each  shee t  h a v i n g  all of t h e  i n d i v i d u a l  f ibre  axes  paral lel ,  

a n d  w i t h  eve ry  shee t  r o t a t e d  t h r o u g h  a smal l  angle  
re la t ive  to  t h a t  above  it. A regu la r  progress ion  of ro ta t ion ,  
a lways  in t h e  same  sense, down  t h e  s t ack  of shee ts  is 
proposed.  Obl ique  sec t ion ing  t h r o u g h  such  a s t ack  gives 
rise to  t h e  a r t e f ac t  of pa rabo l i c  lamel lae  as has  been  
d e m o n s t r a t e d  b y  model  bu i ld ing  x~ 

On t h e  basis  of t h e  ava i l ab le  ev idence  the re fo re  we 
sugges t  t h a t  t h e  p e r i o s t r a c u m  of th i s  gas t ropod  is Organ- 
ized f rom s t acked  shee ts  of r i b b o n s  or fibres, composed  
f rom smal l  a s y m m e t r i c  sub -un i t s  as descr ibed  above,  in 
wh ich  t h e  m e a n  f ibre  axis  of each  shee t  is specif ical ly 
r o t a t e d  r e l a t ive  to  t h a t  of t h e  shee t  s i m m e d i a t e l y  a b o v e  
an d  below i t  a n d  in wh ich  t h e  p l ane  of t h e  shee ts  is 
para l le l  to  t h e  surface  of t h e  p e r i o s t r a c u m  ~1 

Rdsumd. Le p 6 r i o s t r acu m du gas t6ropode  Buccinum 
undatum L. se compose  de r u b a n s  de p ro t6 ine  f ibreuse  
dispos6s en lames  f o r m a n t  des s tr ies  r6p6t6es. Ces r u b a n s  
son t  accol6s et  jo in t s  b o u t  A bout .  Leurs  616ments con- 
s t i tu t i f s  (subunit6s)  son t  en  forme de ha l t6 res  ressem- 
b l a n t  ~ la mol6cule de f ibr inog~ne.  
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Fig. 3. Electron micrograph of a section of B. undatum periostracum 
made in a plane perpendicular to the surface of the periostracum 
(horizontal in this picture). Fixed in 5% glutaraldehyde pH 7.0 
eaeodylate buffer, 0.2M sucrose. Post-fixed in osmic acid and 
embedded in Epon. Stained with uranyl acetate and Reynold's 
lead stain, x 35,000. 
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In vivo Rupture of the Imidazo le  Ring of Hi s tamine  

H i s t a m i n e  is ca tabo l i zed  t h r o u g h  va r ious  p a t h w a y s  in 
m a m m a l i a n  t i ssues  b u t  t he  imidazole  r ing  a lways  r e m a i n s  
i n t ac t .  W h e n  t he  s u b s t a n c e  is in j ec ted  in to  an ima l s  i t  is 
la rgely  excre ted  in t h e  u r ine  ill t h e  fo rm of va r ious  
m e t a b o l i t e s  1. SCI-IAYER 2 in jec ted  two r a t s  and  a guinea-  
pig  w i t h  a b o u t  0.1 [zg of r ing-l*C~-histamine pe r  g a n d  
de t ec t ed  no  r a d i o a c t i v i t y  in  t h e  exp i red  air.  I n  a fo r th  
an imal ,  i n j ec ted  w i t h  a b o u t  10 t imes  t h i s  q u a n t i t y  of 
14C,-histamine he  de t ec t ed  m i n u t e  q u a n t i t i e s  of 14CO2 

wh ich  he  t h o u g h t  m i g h t  be  due  to  a n  i m p u r i t y  in  t he  
h i s t a m i n e  used. 

W e  h a v e  r ecen t ly  done  some e x p e r i m e n t s  which  sug- 
gest  t h a t  in r u m i n a n t  an i ma l s  t h e  imidazole  r ing  of 
d i e t a ry  h i s t a m i n e  is r up tu red .  I n  such  an i ma l s  t h e  food 
is t h o r o u g h l y  f e r m e n t e d  b y  mic ro -o rgan i sms  in t h e  r u m e n  
before  i t  passes  to  t h e  in tes t ines .  P rev ious  work  has  shown  
t h a t  w h e n  14C2-histamine a n d  car r ie r  h i s t a m i n e  were 
g iven  b y  m o u t h  t h e  biological  a c t i v i t y  d i s appea red  


