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p r o b a b l e  t h a t  c h a n g e s  in  t h e  c rys t a l  s t r u c t u r e  are  r e spon-  
s ible  for  t he  obse rved  effect.  

F r o m  the  resu l t s  o b t a i n e d  i t  m a y  be  conc luded  t h a t  t he  
i n t e r m o l e c u l a r  r ad ica l  t r a n s f e r  w h i c h  was  f o u n d  b y  B o x  
e t  al. 4 is n o t  t e r m i n a t e d  b y  w a r m i n g  up  t he  s a m p l e  to  room 
t e m p e r a t u r e .  I n  t h i s  case a m i x e d  s p e c t r u m  is o b t a i n e d  a t  
r oom t e m p e r a t u r e .  A c o m p l e t e  t r a n s f e r  of t he  u n p a i r e d  

5O OersteO I 

g = 2.0023 

I 

(a) 

] •  A A 

I 
VY . . . . .  

g = ?.0023 

50 0~rsTed 
4 

Electron spin resonance spectra of  X- i r rad ia ted  po lycrys ta l l ine  DL- 
valine at room temperature before (a) and after heat-treatment for 
3 h at 353°K (b). 

e lec t ron  f r o m  ~- to  r - p o s i t i o n  is o b t a i n e d  on ly  if t h e  
t e m p e r a t u r e  is f u r t h e r  ra ised.  O n  t h e  c o n t r a r y ,  we m u s t  
a s sume  t h a t ,  in  t h e  case  of U V  i r r ad ia t ion ,  rad ica l s  of 
t y p e  (II)  m u s t  be q u e n c h e d  fas t e r  t h a n  those  of t y p e  (I). 
Q u e n c h i n g  processes  of X - r a y  i nduced  rad ica l s  b y  U V  
i r r a d i a t i o n  are  a l r e ady  k n o w n  in  t h e  case of g lyc ine  s, 
a l an ine  7 a n d  m e t h i o n i n e  s. F u r t h e r  i n v e s t i g a t i o n s  p e r t a i n -  
ing  to a d i f f e ren t  m i c r o w a v e  s a t u r a t i o n  b e h a v i o u r  of t h e  
2 t ypes  of rad ica l s  will be  p u b l i s h e d  e lsewhere  ~,1o. 

Po lyc ry s t a l l i ne  DL-valine (Schucha rd t ,  Munich)  was  
X - i r r a d i a t e d  in  a i r  w i t h  a 50-kV source  (ha l f -va lue  l aye r :  
0.05 m m  a l u m i n i u m ,  dose - ra t e :  0.21 M r a d / m i n ,  dose  
1 Mrad) .  The  U V  i r r a d i a t i o n  was  ca r r i ed  o u t  w i t h  a 
m e r c u r y  low-pressure  l a m p  N N  15/44 ( Q u a r z l a m p e n -  
gese l l schaf t  H a n a u ,  G e r m a n y )  e m i t t i n g  m a i n l y  t he  reso- 
n a n c e  l ine  254 nm.  The  m e a s u r e d  t o t a l  i n t e n s i t y  a t  t h e  
s a m p l e  a m o u n t e d  to  3 × 10 * e r g c m - 2 s e c  -~. B o t h  t h e  ir-  
r a d i a t i o n s  a n d  t h e  m e a s u r e m e n t s  of e l ec t ron  sp in  reso- 
n a n c e  were car r ied  o u t  a t  r o o m  t e m p e r a t u r e .  T h e  e l ec t ron  
sp in  r e s o n a n c e  spec t r a  were d e t e r m i n e d  on a n  X - b a n d  
V a r i a n  spec t rome te r .  

Zusammenfassung. N a c h  R 6 n t g e n b e s t r a h l u n g  yon  poly-  
k r i s t a l l i n e m  DL-Valin bei  Z i m m e r t e m p e r a t u r  e rg ib t  s ich 
ein E S R - S p e k t r u m  ohne  aufge l6s te  H y p e r f e i n s t r u k t u r .  
E r w ~ r m t  m a n  die b e s t r a h l t e  S u b s t a n z  au f  353 °K, so zeigt  
das  S p e k t r u m  m e h r e r e  gu t  aufge l6s te  Tr ip le t t s .  D e m n a c h  
is t  die i n t e r m o l e k u l a r e  R a d i k a l w a n d e r u n g  bei  Z i m m e r -  
t e m p e r a t u r  noch  n i c h t  abgeschlossen ,  s o n d e r n  ers t  n a c h  
we i t e re r  T e m p e r a t u r e r h 6 h u n g .  
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S o m e  E n z y m e s  Present  in Marine  M o l l u s c a  o f  the Canary  Is land of Lanzarote  

I n  1967, a m a r i n e  biological  e x p e d i t i o n  was  o rgan ized  to  
the  C a n a r y  I s l a n d  of L a n z a r o t e .  T he  m a i n  a i m  of t h e  
e x p e d i t i o n  was to  s t u d y  t h e  b e n t h i c  ecology of t h e  i s l and  
us ing  S C U B A  d iv ing  t echn iques .  P a r t  of t h e  r e sea rch  was 
a i m e d  a t  e luc ida t ing  t h e  feeding h a b i t s  of t he  m a r i n e  
mo l lusca  and,  to  he lp  in this ,  a n  i n v e s t i g a t i o n  was  m a d e  of 
some of t he  d iges t ive  e n z y m e s  p r e s e n t  in  t he  species 
p rev ious ly  found  to  be  c o m m o n  on t h e  i s l and  1. A p p a r e n t l y  
no  s imi la r  s t u d y  h a d  b e e n  m a d e  on  m o s t  of t h e  species 
involved2 .  The  e n z y m e s  s t ud i ed  were :  ~-amylase ,  l ami-  
na r inase ,  cellulase, acid p h o s p h a t a s e  a n d  acid es terase .  

All  e x t r a c t s  were m a d e  f rom l ive molluscs,  none  of wh ich  
h a d  been  k e p t  longer  t h a n  o v e r n i g h t  fol lowing col lec t ion  
f rom t h e i r  n a t u r a l  h a b i t a t .  T h e  n o r m a l  per iod  b e t w e e n  
col lec t ion  a n d  e x t r a c t i o n  was  4 - 5  h. T h e  mol luscs  were  
e x t r a c t e d  in w a t e r  b y  h o m o g e n i z a t i o n  in a P o t t e r -  
E l v e h j e m  glass  homogen ize r .  T he  smal l  molluscs,  Tricolia 

pullus, Rissoa costulata, Bittium reticulatum a n d  Canthari- 
dus exasperatus were h o m o g e n i z e d  in  t h e i r  shells. Af t e r  
h o m o g e n i z a t i o n  b y  h a n d  a t  r oom t e m p e r a t u r e  for 15 nlin,  
inso lub le  m a t e r i a l s  were r e m o v e d  b y  cen t r i fug ing  in an  
M S E  b e n c h  cent r i fuge .  T h e  s u p e r n a t a n t ,  of w h i c h  t h e  p H  
was  in e v e r y  case b e t w e e n  7 a n d  7.4, was  d e c a n t e d  a n d  
used  as t he  e n z y m e  ex t r ac t .  A p a r t  f rom Conus betulinus 
a n d  Aplysia ocellata, of w h i c h  single spec imens  were ex- 
t r ac t ed ,  a t  l eas t  5 spec imens  were used  for  each  resul t .  I n  
t h e  case of t he  v e r y  smal l  molluscs,  50-100 spec imens  were  
used. 

1 j .  H. DuFrus and C. S. JOHNSTON, J. Conch. Paris, in print. 
G. OWEN, in Physiology o] MoIlusca, (Ed. K. WXLBUR and C. M. 
YONGE, Academic Press, New York and London 1966), voh 2, p. 53. 
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Relative activities of digestive enzymes in marine molluscs of Lan- 
zarote 

Mollusc 0t-Am. • Cell. ~ Lam. e A.P. a A.E. ° 

B i l l i u m  re t i cu la tum + ? - - 

C a n t h a r i d u s  exaspera tus  + + ? - 

Cer i t h ium  v u l g a t u m  +++ +++ ++ 

C o n u s  be tu l inus  + ++ ? +÷ - 

C o n u s  med i t e r raneus  - ++ ++ ++++ 
Hal io t i s  tubercu la ta  +++ +++ ++++ ++ - 

L i t tor ina  s tr iata ++ +++ ++ ? - 

Monodon~a turb ina ta  + ++ ++ ? - 

P u s i a  tricolor +~ + - + - 

R i s soa  costulata ++ ÷+ ++ - - 

T h a i s  haemas toma  ++ - ++ +++ - 
Tr ico l ia  p u l l u s  +++ ++ 4- + - 
T u r b o  r u g o s u m  ++++ ++++ + ++ ? 
Chi ton  canar iens i s  + ~ +++ ++ ++ 
A r c a  lactea -m- ~- - 

P i n n a  rud is  ÷++ ++ ++ - 

A p l y s i a  ocellata +++ + ? + 

P o l y c e r a  webbi i  + - ++ - 

+, Trace activity; +% moderate activity; +++, high activity; ++++, 
very high activity; -, no activity; ?, slight activity within margin 
of error. 

Value of symbols above 

All e n z y me  assays  were carr ied ou t  a t  26 °C (x-amylase*, 
l aminar inase  4 acid p h o s p h a t a s e  s and  acid es terase  s were  
assayed  by  s t a n d a r d  techniques .  Cellulase ac t iv i ty  was 
d e t e r m i n e d  by  a s implif ied v i scomet r ic  t echnique .  To 4 ml  
of 0.16% c a r b o x y m e t h y l  cellulose was  a d d e d  2 ml  of 
e n z y m e  ex t rac t ,  d i lu ted  wi th  wa te r  where  necessary.  Af ter  
shaking,  5 mt  of the  mi x t u r e  was  t r ans fe r red  to  a U - t u b e  
v i scomete r  and  t h e  viscosi ty  measu red  a t  10 rain intervaIs .  
The  r a t e  of faU in specific v iscos i ty  gives  a measure  of t he  
e n z y me  ac t iv i ty .  

F r o m  the  resul ts  (Table) i t  can  be  seen t h a t  all species 
s tud ied  excep t  C o n u s  m e d i t e r r a n e u s  have  (x-amylase ac t iv -  
i ty.  Cellulase too  is p r e s e n t  in all species wi th  one  except ion ,  
T h a i s  h a e m a s t o m a .  This  m a y  be a ref lect ion of t h e  car-  
n ivorous  h a b i t  of th is  pa r t i cu la r  species. L a m i n a r i n a s e  is 
no t  nea r ly  so widespread  b u t  i t  is a t  p resen t  imposs ib le  t;o 
place any  sa t i s fac to ry  i n t e r p r e t a t i o n  on i ts  d i s t r ibu t ion .  
The same appl ies  to  acid phospha t a se .  The presence  of acid 
es terase  in C e r i t h i u m  v u l g a t u m  in  q u a n t i t y  appea r s  to  be 
unique.  Again  it is diff icul t  to  corre la te  th is  w i t h  i ts  feeding 
h a b i t  b u t  i t  m a y  be a fac t  of some t a x o n o m i c  interest% 

R d s u m d .  Les quan t i t6s  de (x-amylase, laminar inase ,  cellu- 
lase, acide p h o s p h a t a s e  et  acide es terase  on t  6t6 est im6es 
pa r  l ' e x a m e n  des ex t ra i t s  de d ix -hu i t  exp~ces de mol lusques  
ma t i n s  r6colt6s dans  File canar ienne  de Lanzaro te .  

j .  H. DUFFUS and  C. M. I)UFFUS 

D e p a r t m e n t  o]  Z o o l o g y ,  U n i v e r s i t y  o / E d i n b u r g h  a n d  

S c h o o l  o / M o l e c u l a r  S c i e n c e s ,  U n i v e r s i t y  o] W a r w i c k  

( G r e a t  B r i t a i n ) ,  3 0  M a y  7 9 6 8 .  

Symbol (yAM." Cell. b Lam.~ A.P. a + A.E. * 

+ 0-5 0-0.5 0-0.05 0-0.5 
++ 5-15 0.5-2.0 0.05-0.20 0.5-1.0 
+++ 15-25 2.0°4.0 0.20-0.40 1.0-1.5 
++++ Above 25 Above 4.0 Above 0.40 Above 1.5 

¢z-Amylase (IDC units/g fresh weight), b Carboxymcthyl cellulase 
(A e sp/g fresh weight). ~ Laminarinase (OD Units/g fresh weight). 
a Acid Phosphatase (OD units/g fresh weight). " Acid Esterase 
(OD units/g fresh weight). 

3 D. ]2. BRIGGS, J. Inst. Brewing 67, 427 (1961). 
* A. T. BULL and C. G. C. CHESTERS, Adv. Enzymol. 28, 325 (1966). 
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(Ed. H. U. BERGMEYER; Academic Press, New York and London 
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D e a m i n a t i o n  b y  ' T r a n s f o r m e d '  M i t o c h o n d r i a l  A m i n e  O x i d a s e  o f  t h e  e - A m i n o  G r o u p  o f  L y s i n e  a n d  

S e l e c t i v e  I n h i b i t i o n  o f  t h i s  R e a c t i o n  b y  f l - A m i n o p r o p i o n i t r i l e  

A l though  t h e  s ignif icance for desmos ine  and  isodesmo-  
s ine b iosyn thes i s  of d e a m i n a t i o n  of t h e  K-amino group  of 
lys ine  is well recognized  x enzymes  ca t a lyz ing  th is  r eac t ion  
in an imal  t i ssues  are  stil l  unknown  *. There  are  no d a t a  on 
d e a m i n a t i o n  of lys ine  b y  pig p l a sma  amine  oxidasea ;  a 
closely re la ted  e n z y m e  - beef  p l a sma  a m i n e  ox idase  - does  
n o t  ca ta lyse  a n y  measurab le  ox ida t ion  of lysine 4. 

A p h e n o m e n o n  opera t iona l ly  def ined  as ' t r a n s f o r m a t i o n '  
of m i tochondr i a l  m o n o a m i n e  oxidase  in to  an  e n z y m e  
resembl ing  d i amine  oxidases  ( including those  of p l a n t  
origin which  do oxidize lysine s) is obse rved  in v i t ro  in  
l iver  m i t o c h o n d r i a  t r e a t ed  under  cer ta in  cond i t ions  by  
oxid ized  oleic acid 6,~ and  is also possible in v ivo  s. 

I f  a hypo thes i s  ~ on  pa r t i c ipa t i on  in cross-l ink fo rnmt ion  
and  in pa thogenes i s  of expe r imen ta l  l a thy r i sm of t h e ' t r a n s -  

fo rmed '  mi tochondr i a l  amine  oxidase  deserves  fu r the r  con-  
s idera t ion ,  one  would  expec t  t h a t  t h e  e n z y m e  will deami-  
n a t e  e-amino group  of iysine a n d  t h a t  th i s  r eac t ion  will be 
i nh ib i t ed  select ively b y  low concen t r a t i ons  of a p o t e n t  
l a thyrogen- f l -aminopropion i t r i l e  9 

Me thods  used for  i sola t ion of r a t  and  beef  l iver mi to-  
chondr ia ,  p r e p a r a t i o n  of ' t r a n s f o r m e d '  mi tochondr i a l  
amine  oxidase,  assay  of a m i n e  oxidase  ac t iv i ty  were  
descr ibed  previous ly  6a,10. 

The  d a t a  p r e sen t ed  in Table  I sugges t  t h a t  whi le  
L-lysine and  i ts  de r iva t ives  possess ing  s u b s t i t u t e d  (x-amino 
group  are readi ly d e a m i n a t e d  by  ' t r a n s f o r m e d '  mi to-  
chondr ia l  amine  oxidase  (with ra tes  comparab le  to those  
found  in e x p e r i m e n t s  wi th  o the r  w-amino acids or amines) ,  
subs t i t u t i on  of e-amino group of I_-lysine p r e v e n t s  i ts  


