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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 .  
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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). 

K. LIN/IARDT and K, WALTER, in Methods  o / E n z y m a t i c  A n a l y s i s  

(Ed. H. U. BERGMEYER; Academic Press, New York and London 
1965), p. 779. 
We wish to thank Dr. C. S. JOHNS~rON and members of the Canary 
Island Biological Expedition, 1967, for collecting material. We also 
thank Mr. V. THAMBYRAJAH for carrying out several of the assays. 
The work was supported by a Royal Society Grant for the purchase 
of a compressor. One of us (J. H. D.) received a personal grant 
from the Lord Rootes Memorial Fund. We are grateful to the 
headmaster of the Instituto at Arrecife for the use of the laboratory 
there and to Messrs. Bausch and Lomb for the loan of a Spee- 
tronic colorimeter, 

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  
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Table I. Deamination of some amino acids and amines on their 
incubation with 'transformed' beef liver mitoehondrial amine oxidase. 

Substrates and their M × 10 -s 
concentrations 

Vm~ ~ values 
(mptmoles of 
NH3/mg of 
protein/min} 
mean values 
± S.E. 

Histamine. ttC1 10 2.8 4- 0.6 (3) 
Histidine • He1 10 0 (4) 
Cadaverine. 2 He1 10 2.5 ~ 0.2 (4) 
L-Lysine • HC1 15 1.5 ± 0.07 (8) 
~-Hippuril-L-lysine 10 2.2 ± 0.1 (3) 
~-Carbobenzoxy-lysine n 10 0.95, 0.47 (2) 
e-Carbobenzoxy-I ysine n 10 0 0 {2) 
L-Ornithine 5 1.7 4- 0.1 (4) 
y-Aminobutyrie acid 20 1.9 :[: 0.4 (5) 
~-Aminobutyrie acid 10 0 (4) 
fl-Alanine 10 1.3 -I- 0.2 (5) 
~-Alaniue 10 0 (3) 

Composition of samples and experimental conditions as described s. 
Number of experiments in brackets. 

d e a m i n a t i o n .  D e a m i n a t i o n  of  l y s i n e  on  i n c u b a t i o n  w i t h  
' 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  is  c o m p l e t e l y  
i n h i b i t e d  b y  1 0 - 4 M  / 3 - a m i n o p r o p i o n i t r i l e  wh i l e  i t s  in-  
h i b i t o r y  e f f e c t  o n  d e a m i n a t i o n  of  o t h e r  s u b s t r a t e s  of  t h e  
e n z y m e  ( s e r o t o n i n  a n d  7 - a m i n o b u t y r i c  ac id)  is neg l ig ib l e  
(Tab le  I1).  

I t  is n o t e w o r t h y  t h a t  t h e  a c t i v i t y  o f  ' t r a n s f o r m e d "  m i t o -  
c h o n d r i M  a m i n e  o x i d a s e  is  n o t  i n h i b i t e d  b y  h i g h  c o n c e n t r a -  
t i o n s  of  c o n v e n t i o n a l  m o n o a m i n e  o x i d a s e  i n h i b i t o r s  s w h i c h  
do  n o t  p r o d u c e  e x p e r i m e n t a l  l a t h y r i s m  ~ ,  

Bbm0Rm. * TpaHcqbopMHpOBaHHafl ~> MHT0X0H)IptlaJlbHalt 
OMttHOKCII/Iaaa FfaTaJIHaHpyeT OTLReIIJleHHe e-aMHH0rpyIlnbl 
JIH3HHa. 3Ty peam~mo 1436HpaTeJlbH0 TOpM0aHT .rlaTHpOFeH- 
Hblfi areHT fl-aMHH0np0IIHOHHTpHJI. 

V.  Z. GORKIN a n d  ZH. I .  AKOPYAN 

Institute of Biological and Medical Chemistry, Academy 
o[ Medical Sciences of the USS_R, Moscow (USSR) ,  
29 May  1968. 

Table II. Effect of fl-aminopropionitrile fumarate on the activity of 
' transformed' rat  liver mitoehondrial amine oxidase. 

Concentrations of 
the inhibitor 
(M x 10 -s) 

Inhibition of dcamination (%) (mean values from 
the data of 4-6 parallel assays) 

lysine serotonin T-ABA 

1.0 100 9.5 - 
0.1 100 11.5 5.0 
0.01 45.5 - 12.0 

Composition of samples as described s. The inhibitor TM was pre- 
incubated at room temperature with the enzyme preparations for 
30 rain before the addition of one of the substrates in following 
concentrations (M × 10-3): serotonin creatinine sulphate (5), DL- 
lysine" HC1 (15), y-aminobutyrie acid (ABA) (20); in eontroI samples 
(without the inhibitor) deamination rates were respectively: 2.47, 
1.71, 0.99 m[~moles of NHsmg of protein]mln. 
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I n t e r c o n v e r s i o n  of  C o r t i s o l  a n d  C o r t i s o n e  i n  t h e  Macaca  mula t t a  

T h e  p r i n c i p l e  c o r t i c o s t e r o i d s  p r e s e n t  in  m a m m M i a n  
b l o o d  a re  eor t i so l ,  c o r t i c o s t e r o n e  a n d  a l d o s t e r o n e X - L  
A l t h o u g h  s m a l l  a m o u n t s  of  l l - d e s o x y - 1 7 e - h y d r o x y c o r t i -  
c o s t e r o n e  ( p r e g n - 4 - e n e - 1 7 ~ , 2 1 - d i o l - 3 - o n e ) ,  l l - d e h y d r o -  
c o r t i c o s t e r o n e  ( p r e g n - 4 - e n e - 2 1 - o l - 3 , 1 1 - d i o n e ) ,  c o r t i s o n e  
( p r e g n - 4 - e n e - 1 7 e ,  21 -d io l -3 ,11 -d ione ) ,  a n d  l l - d e s o x y c o r t i -  
c o s t e r o n e  ( p r e g n - 4 - e n e -2 1 -o l -3 -o n e )  h a v e  b e e n  d e t e c t e d  in  
b lood ,  t h e i r  c o n c e n t r a t i o n s  in  b l o o d  h a v e  n o t  b e e n  
e s t a b l i s h e d  s,~. Of  t h e s e  s t e ro id s ,  c o r t i s o l  is c o n s i d e r e d  to  
b e  t h e  p h y s i o l o g i c a l l y  a c t i v e  g l u c o c o r t i c o i d  in  m a n .  T h e  
e f f i c a c y  o f  c o r t i s o l  in  a f f e c t i n g  t h y m u s  i n v o l u t i o n ,  l i v e r  
g l y c o g e n  d e p o s i t i o n  a n d  a n t i - i n f l a m m a t o r y  r e s p o n s e  e x -  
c e e d s  t h a t  o f  c o r t i s o n e  1°. F u r t h e r m o r e ,  co r t i so I  in  v i t r o  
m a r k e d l y  i n h i b i t e d  t h e  g lucose  u p t a k e  b y  r a t  t h y m u s  
cell  s u s p e n s i o n  wh i l e  c o r t i s o n e  w a s  i n e f f e c t i v e  n .  S ince  
t h e  1 1 f l - h y d r o x y s t e r o i d  d e h y d r o g e n a s e  a c t i v i t y  is l o w  in  

t h e  t h y m u s  1~, t h i s  f i n d i n g  s u p p o r t s  t h e  p r o p o s i t i o n  t h a t  
c o r t i s o l  is  t h e  a c t i v e  a g e n t  a n d  t h e  b io log ica l  e f f i c acy  of  
c o r t i s o n e  is d e p e n d e n t  u p o n  i t s  c o n v e r s i o n  to  cor t i so l .  O n  
t h e  o t h e r  h a n d ,  KOIKE e t  al. 13 d e m o n s t r a t e d  t h a t  t h e  
p r o t e i n  s y n t h e t i c  a c t i v i t y  of  p o l y s o m e s  f r o m  l ive r s  of  
c o r t i s o n e - t r e a t e d  r a t s  w a s  g r e a t e r  t h a n  t h a t  o f  co r t i so l -  
t r e a t e d  r a t s .  T h e s e  s e e m i n g l y  d i v e r g e n t  r e s u l t s  s u g g e s t  
t h a t  c o r t i s o l  a n d  c o r t i s o n e  m a y  be  a c t i v e  d e p e n d i n g  o n  
t h e  t i s su e  o r  a s s a y  s y s t e m s  used ,  o r  t h a t  a b a l a n c e  of  
t h e s e  s t e r o i d s  m a y  b e  o f  i m p o r t a n c e  fo r  flxeir b io log ica l  
e I f icacy .  T h i s  s t u d y  w a s  c o n d u c t e d  t o  o b s e r v e  t h e  i n t e r -  
c o n v e r s i o n  o f  t h e s e  2 s t e r o i d s  in  v i v o  in  t h e  Macaca 
muta#a a n d  t o  e s t a b l i s h  t h e  r e l a t i v e  l eve l s  o f  t h e s e  s t e r o i d s  
in  b l o o d .  

Material and methods. 1, 2 -3H-cor t i so l  a n d  1, 2 -3H-cor t i  - 
sone  w i t h  spec i f ic  a c t i v i t i e s  o f  22 a n d  36 c / m m o l e  w e r e  


