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Table 1. Cholinesterase activity determined in homogenates of the 
plant nematode Aphelenchoides ritzema-boosi with 3 different sub- 
strates 

Substrate nmoles SHfinin/mg protein produced with 
concentration (M) ASCh PSCh BSCh 

1.25 • 10 -4 0.74 0.71 1.41 
2.50 • 10 .4 1.16 1.13 2.11 
5.00 7, 10 -4 1.54 1.94 3.17 
1.00 • 1() -3 2.22 2.96 4.05 
2.00 • 10 -3 3.34 4.50 4.89 

The total volume of the reaction mixture was 3 ml, the incubation 
temperature 20~ The amounts of sulfhydryl groups produced 
during an incubation period of 10 rain were obtained from a cali- 
bration curve in which absorbance (412 rim) was plotted against 
amount of reduced gluthathione. 

Table 2. Is0-values obtained with purified bovine erythrocyte acetyl- 
cholinesterase (ACHE), human plasma cholinesterase (ChE), and 
nematode ehelinesterase (N-ChE) using different carbamates 'and 
organophosphates as inhibitors 

tnhibitors I~0-values (M) with 
AChE ChE N-ChE 

c o n c e n t r a t i o n  of 2 • 10 s M ASCh.  Again ,  t h i s  f ind ing  
ind ica tes  t h a t  t h e  cho l ines t e r  h y d r o l y s i n g  e n z y m e  of 
Aphelenchoides is n o t  a t yp i ca l  ace ty l cho l ines t e ra se .  

I n  c o m b i n a t i o n  w i t h  t h e  o p t i m u m  s u b s t r a t e  BSCh,  a 
f u r t h e r  c h a r a c t e r i z a t i o n  of t he  n e m a t o d e  e n z y m e  w a s  
car r ied  o u t  b y  c o m p a r i n g  i ts  i n h i b i t i o n  w i t h  t h a t  of 2 
o t h e r  t y p e s  of cho l ines t e rases ,  e .g.  e r y t h r o c y t e  ace ty l -  
cho l ines t e r a se  a n d  h u m a n  p l a s m a  p s e u d o c h o l i n e s t e r a s e ,  
u s ing  a n u m b e r  of  w e l l - k n o w n  c a r b a m a t e  a n d  o r gano -  
p h o s p h o r u s  insect ic ides  as i nh ib i to r s .  The  r e su l t s  (Table  2) 
d e m o n s t r a t e  t h a t  t he  n e m a t o d e  e n z y m e  is e x t r e m e l y  
in sens i t i ve  to  m a n y  i n h i b i t o r s  w h e n  c o m p a r e d  w i t h  t h e  
b e t t e r  k n o w n  t y p e s  of c h o l i n e s t e r a s e s  f r o m  m a m m a l s .  
E v e n  eser ine  w h i c h  is a p o t e n t  i n h i b i t o r  of m o s t  chol in-  
e s te rases  in v i t r o  r e qu i r e s  a c o n c e n t r a t i o n  of a p p r o x i -  
m a t e l y  10 -4 M to  inh ib i t  t h e  e n z y m e  b y  50%.  O n l y  
p a r a o x o n  r e su l t ed  in i nh ib i t i on  v a l u e s  c o m p a r a b l e  to  
t h o s e  o b t a i n e d  w i t h  the  t w o  o t h e r  enzymes .  

I t  is t oo  ea r ly  to  conc lude  f r o m  t h e  f i rs t  s t ud i e s  on  t h e  
cho l ines t e ra se  of a p l a n t  n e m a t o d e  species  t h a t  t h e  en t i r e  
g r o u p  of t he se  o r g a n i s m s  c o n t a i n s  a t y p e  of e n z y m e  
u n i q u e  w i t h  r e g a r d  to  s u b s t r a t e  spec i f ic i ty  a n d  i nh ib i t i on  
p rope r t i e s .  T h e  p r e s e n t  f ind ings ,  h o w e v e r ,  m a y  well  
in i t ia te  f u r t h e r  i n v e s t i g a t i o n s  on  a d d i t i o n a l  species,  s ince 
a modi f i ed  e n z y m e  o f t en  c o n s t i t u t e s  a t a r g e t  for m o r e  
select ive c o n t r o l  agen t s .  

Eserine 7• s 1• -7 8•  -5 
Aldicarb 2 • 10 -6 2 • 10 -g >10 4 
Carbaryl 3 • 10 ~ 1 x 10 -a >10 -4 
Dioxacarb 5 x 10 -6 1 • 10 -'5 >10 -4 
Carbofuran 5 x 10 -8 4 • 10 "'~ 6 • 10 -s 
Monocrotophos 2 x 10 ,5 8 X 10 -7 ~>10 -4 
Dichlorvos 8 x 10 -7 7 • 10 -s 3 • 10 7 
Paraoxon 5 • 10 s 1 • 10 -s 4 • 10 -s 

The Is0-vaiues were determined by an automated cholinesterase 
inhibition procedure (for details see G. Voss3). Enzymes and in- 
hibitors were pre-ineubated at 37~ for 20 min and then reacted 
with the preferred substrates. 

a G. Voss, it1 Advances in Auton*ated Anatysis (Technicon Int. 
Congr., Chicago 1969; Mediad Inc., White Plains, N. Y. 1970). 
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Summary. S e r u m  r i b o n u c l e a s e  a c t i v i t y  be fore  a n d  a f t e r  p h y s i c a l  exercise  in h e a l t h y  p e r s o n s  w a s  e s t i m a t e d .  I t  is f o u n d  
t h a t  a w o r k  load of 6000 k g m / 5  m i n  inc reased  r ibonuc lease  a c t i v i t y  m e a s u r e d  a t  p H  8.5 a n d  decreased  the  a c t i v i t y  of the  
s a m e  e n z y m e  m e a s u r e d  a t  p H  7.0 in t h e  p re sence  of Z n S O  4. T h e  o b s e r v e d  c h a n g e s  were  m o r e  p r o n o u n c e d  in u n t r a i n e d  
t h a n  in t r a i n e d  pe r sons .  

I t  is c o m m o n l y  k n o w n  t h a t  p h y s i c a l  a c t i v i t y  causes  a 
v a r i e t y  of b i o c h e m i c a l  c h a n g e s  in t h e  blood.  F o r  e x a m p l e ,  
i t  h a s  been  d e m o n s t r a t e d  t h a t  t h e  a c t i v i t y  of seve ra l  
e n z y m e s  in t h e  b lood  s e r u m  w a s  a f fec ted  b y  exercise  1. 
C h a n g e s  in a c t i v i t y  of A1AT, A s p A T ,  C P K ,  M D H ,  L D H  
fo l lowing  p h y s i c a l  exerc ise  h a v e  been  r e p o r t e d  ~-5. As  
t he se  c h a n g e s  were  u s u a l l y  less p r o n o u n c e d  in t r a i n e d  
t h a n  u n t r a i n e d  sub jec t s ,  t h e  e s t i m a t i o n s  of e n z y m e  ac- 
t i v i t i e s  be fore  a n d  a f t e r  exercise  m a y  p r o v i d e  i n f o r m a -  
t i o n  a b o u t  t h e  p h y s i c a l  f i tness  of  ind iv idua l s .  

R e c e n t l y  ALBANESE e t  al. s,7 h a v e  s u g g e s t e d  t h a t  t h e  
m e a s u r e m e n t  of s e r u m  r i b o n u c l e a s e  a c t i v i t y  before  a n d  
a f t e r  exerc ise  m a y  ind i ca t e  to w h a t  e x t e n t  an o r g a n i s m  

1 The abbreviations used are: AIAT, alanine aminotransferase; 
AspAT, aspartate alninotransferase; CPK, creatine phosphoki- 
nase; LDH, lactate dehydrogenase; MDH, malate dehydrogenase; 
RNA, ribonucleie acid; RNAase, ribonuclease. 

2 W. M. FOWLER, S. R. CItOWDHURY, C. M. PEARSON, G. GARDNER 
and R. BRATTON, .T. appl. Physiol. 77, 943 (1962). 
G. W. GARDNER, •. BRATTON, S. t~. CHOWDIIURY, W. ~[. I2OWLt~2R 
and C. M. PEARSON, J. Sports reed. phys. Fitn. 4, 103 (1964). 

4 K. F. SWAIMAN and E. A. AWAD, Neurology 74, 977 (1964). 
5 H. A. SCtILANG and G. H. KIRKPATRICK, Aria..1. reed. Sci. 242, 

122 (1961). 

6 A. A. ALBANESE arid J. D. HOGKETT, Fed. Proc. 24, 172 (1965). 
A. A. ALBANESE, L. A. ORTO and D. N. ZAVATTARO, Nutr. Rep. 
Int. 3, 165 (1971). 
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Effect of short term submaximal work on Serum ribonuclease activity measured at different pH 

EXPERIENTIA 32/t2 

RNAase activity pH8.5  RNAase activity pH7.0  Heart  rate 

Before After P Before After P Before After P 
exercise exercise exercise exercise exercise exercise 

(min 1) (5 min 1) 

Control 
(n = 20) 35.9 ~ 6.5 50.3 ~_ 6.7 < 0.001 1.1.9 ~ 1.7 8.2 ~_ 1.2 < 0.001 85 • 12 781 • 32 < 0.001 

Athletes 
(n = 20) 36.3 2'_ 7.0 �9 39.8 -~ 5.9 n.s. 9.9 i ].6b 8.9 z[_ 1.4 n.s. 68 ~ 6 ~' 640 ~ 38 < 0.001 

Enzyme activity is expressed as units per ml serum. One unit corresponds to the amovmt of enzyme activity which the absorption for 0.1 
unit of absorption. 
All values are means ~_ SEM. Statistical significance was analyzed using Students t-test for nlean values before and after exercise. Where p 
is greater than 0.05 the values are quoted as n.s. (not significant). ~ Difference of values against control not significant, b Difference (p < 0.001). 

is a d a p t e d  t o  p h y s i c a l  w o r k .  F o l l o w i n g  t h i s  s u g g e s t i o n ,  
s e r u m  r i b o n u c l e a s e  a c t i v i t i e s  be fo r e  a n d  a f t e r  exe r c i s e  in  
b o t h  t r a i n e d  a n d  u n t r a i n e d  m a l e  s u b j e c t s  we re  e x a m i n e d  
a n d  c o m p a r e d .  

Maler ia ls  and methods. S e r u m  r i b o n u c l e a s e  a c t i v i t y  
w a s  s t u d i e d  in  20 h e a l t h y  u n t r a i n e d  s u b j e c t s  a g e d  1 8 - 2 2  
( con t ro l  g r o u p )  a n d  20 t r a i n e d  a t h l e t e s  of  t h e  s a m e  a g e  
( t r a i n e d  g r o u p ) .  

B l o o d  s a m p l e s  (400 bd) we re  d r a w n  f r o m  c a p i l l a r i e s  
of  t h e  f i n g e r  b e f o r e  a n d  i m m e d i a t e l y  a f t e r  exerc i se .  T h e  
w o r k  l oad  c o n s i s t e d  of  1200 k g m / m i n  d u r i n g  5 r a i n  of  con -  
t i n u o u s  w o r k  on  a b i c y c l e  e r g o m e t e r .  I n  a d d i t i o n ,  t h e  
h e a r t  r a t e s  we re  n o t e d  d u r i n g  t h e  5 m i n  of  exerc i se .  T h e  
b l o o d  w a s  c e n t r i f u g e d  a n d  t h e  s e r u m  o b t a i n e d  w a s  u s e d  
for  e s t i m a t i o n s  of r i b o n u c l e a s e  a c t i v i t y .  C o n t r o l  e s t i m a -  
t i o n s  of p r o t e i n  c o n t e n t  in  s e r u m  be fo re  a n d  a f t e r  exe r c i s e  
s h o w e d  t h a t  t h e r e  w a s  no  c h a n g e  in  p r o t e i n  c o n c e n t r a t i o n .  

R i b o n n c l e a s e  a c t i v i t y  w a s  e s t i m a t e d  a c c o r d i n g  to  t h e  
p r o c e d u r e s  d e s c r i b e d  b y  ROTH s a n d  m o d i f i e d  b y  BARDO~ 
e t  a12. 

E s t i m a t i o n  of  r i b o n u c l e a s e  a c t i v i t y  a t  p H  8.5. R i b o -  
n u c l e i c  ac id  ( R N A  h i g h l y  p o l y m e r i z e d  f r o m  y e a s t ,  B D H  
C h e m i c a l s ,  E n g l a n d )  w a s  d i s s o l v e d  in  w a t e r  in  a c o n c e n -  
t r a t i o n  of  1 m g / m l .  20 ~xl of  t h i s  s u b s t r a t e  s o l u t i o n  w a s  
m i x e d  w i t h  100 bd of  DAVIES 1~ p H  8.5 b u f f e r  a n d  s u p p l e -  
m e n t e d  w i t h  75 ~xl of  w a t e r .  T h e  r e a c t i o n  w a s  i n i t i a t e d  
b y  a d d i t i o n  of  5 bd of  s e r u m ,  a n d  a l l o w e d  to  c o n t i n u e  fo r  
30 m i n  a t  37 ~ 

E s t i m a t i o n  of r i b o n u c l e a s e  a c t i v i t y  a t  p H  7.0. 20 bd of  
s u b s t r a t e  s o l u t i o n  w a s  a d d e d  i n t o  100 IA of  DAVIES b u f f e r  
p H  7.0 s u p p l e m e n t e d  w i t h  20 ~xl of  0.01 3// Z nS O4  a n d  
40 ~*1 of  w a t e r .  

T h e  r e a c t i o n  w a s  s t a r t e d  b y  a d d i t i o n  of 20 gl  of  s e r u m  
a n d  i n c u b a t i o n  c o n t i n u e d  for  30 ra in  a t  37 ~ T h e  r e a c t i o n  
w a s  s t o p p e d  b y  a d d i t i o n  of  200 ~zl of  p r e c i p i t a t i n g  r e a g e n t s  
c o n t a i n i n g  1 M I-ICI in  7 6 %  e t h a n o l .  T h e  s a m p l e s  w e r e  
k e p t  a t  0~  for  30 ra in ,  c e n t r i f u g e d  a n d  a b s o r p t i o n s  in  
s u p e r n a t a n t s  we re  r e a d  a t  260 n m  u s i n g  a U n i c a m  S P  500 
S p e c t r o p h o t o m e t e r .  S a m p l e s  in  w h i c h  p r e c i p i t a t i n g  re-  
a g e n t  w a s  a t  zero  t i m e  we re  u s e d  as  a b l a n k .  

Results.  T h e  T a b l e  s h o w s  t h e  e f fec t  of  s h o r t  t e r m  s u b -  
m a x i m a l  w o r k  on  s e r u m  r i b o n u c l e a s e  a c t i v i t y  m e a s u r e d  
a t  d i f f e r e n t  p H .  I t  c a n  be  s e e n  t h a t  a t  p H  8.5 in  u n -  
t r a i n e d  s u b j e c t s  t h e  a c t i v i t y  of  t h i s  e n z y m e  s i g n i f i c a n t l y  
i n c r e a s e d  4 0 . 1 % ,  w h e r e a s  in  t h e  g r o u p  of  a t h l e t e s ,  t h e  
s a m e  w o r k  l o a d  i n c r e a s e d  e n z y m e  a c t i v i t y  o n l y  9 . 6 % .  I t  
c a n  be  n o t i c e d  t h a t  t h e  h e a r t  r a t e s  m e a s u r e d  d u r i n g  
5 m i n  of  e x e r c i s e  w e r e  f a s t e r  in  t h e  g r o u p  of u n t r a i n e d  
i n d i v i d u a l s .  

W h e n  t h e  s a m e  e n z y m e  a c t i v i t y  w a s  m e a s u r e d  a t  
p H  7.0 a n d  in  t h e  p r e s e n c e  of  ZnSO411, 1~, t h e  d i r e c t i o n  of 
c h a n g e s  in  r i b o n u c l e a s e  a c t i v i t y  a f t e r  e x e r c i s e  w a s  op-  
p o s i t e  to  t h a t  o b s e r v e d  a t  p H  8.5 a n d  in  t h e  a b s e n c e  of 
Z n S O  4. i t  c a n  be  s e e n  t h a t  e x e r c i s e  d e c r e a s e d  s e r u m  r ibo-  
n u c l e a s e  a c t i v i t y  a n d  t h a t  t h e  d e c r e a s e  o b s e r v e d  w a s  m o r e  
p r o n o u n c e d  in  t h e  g r o u p  of  u n t r a i n e d  i n d i v i d u a l s .  T h e  
a v e r a g e  d e c r e a s e  in  u n t r a i n e d  i n d i v i d u a l s  w a s  3 1 . 1 % ,  
w h e r e a s  in  t h e  g r o u p  of  a t h l e t e s  e x e r c i s e  l o w e r e d  t h e  
r i b o n u c l e a s e  a c t i v i t y  o n l y  1 0 . 1 % .  

Discussion.  B l o o d  s e r u m  s h o w s  r i b o n u c l e o l i t i c  a c t i v i t y  
w h i c h  is d e p e n d e n t  on  t h e  p r e s e n c e  of  e n z y m e s  o r i g i n a t -  
i ng  m a i n l y  f r o m  2 s o u r c e s  : a) r i b o n u c l e a s e  [E.C.3 .1 .4 .16]  
f r o m  p a n c r e a s ,  s h o w i n g  a m a x i m a l  a c t i v i t y  a t  p H  8.5 a n d  
s e n s i t i v e  to  ZnSO411,12, b) r i b o n u c l e a s e  f r o m  o t h e r  t i s sue s ,  
m a i n l y  f r o m  s p l e e n  a n d  l iver ,  w h i c h  s h o w s  a m a x i m a l  
a c t i v i t y  a t  pt-I 7.0 a n d  w h i c h  is i n s e n s i t i v e  to  Z n S O  4. 

D a t a  p r e s e n t e d  in  t h i s  p a p e r  i n d i c a t e  t h a t  t h e  a c t i v i t y  
of  t h e  p H  8.5 e n z y m e  w a s  r a i s e d  b y  exe rc i se ,  w h e r e a s  a t  
p H  7.0 e n z y m e  a c t i v i t y  ( e s t i m a t e d  in  t h e  p r e s e n c e  of  
ZnSO4)  d e c l i n e d  u n d e r  t h e  s a m e  c o n d i t i o n s .  T h e  d i r e c t i o n  
o f  c h a n g e s  in  e n z y m e  a c t i v i t i e s  w a s  t h e  s a m e  in  u n t r a i n e d  
a n d  t r a i n e d  i n d i v i d u a l s ,  b u t  in  u n t r a i n e d  s u b j e c t s  
c h a n g e s  in  e n z y m e  a c t i v i t i e s  we re  m o r e  p r o n o u n c e d  t h a n  
in  a t h l e t e s .  M o r e o v e r ,  i t  w o u l d  a p p e a r  f r o m  t h e s e  d a t a  
t h a t  c h a n g e s  in  s e r u m  R N A a s e  a c t i v i t y  a t  p H  8,5 a f t e r  
e x e r c i s e  we re  a s s o c i a t e d  w i t h  l a rge  i n c r e a s e s  in  h e a r t  
r a t e s .  A s s u m i n g  t h a t  t h e  c h a n g e s  in  s e r u m  e n z y m e  
a c t i v i t i e s  a re  s y m p t o m s  of m e t a b o l i c  d i s o r d e r s  c a u s e d  b y  
p h y s i c a l  exerc i se ,  i t  c a n  be  c o n c l u d e d  t h a t  t h e  d e g r e e  o f  
t h i s  d i s o r d e r  is l ess  p r o n o u n c e d  in  s u b j e c t s  w h o  a re  
a d a p t e d  to  w o r k  b y  t r a i n i n g .  I n  a d d i t i o n ,  i t  is of  i n t e r e s t  
t h a t  d e p e n d i n g  on  t h e i r  o r ig in ,  e n z y m e s  c a t a l y z i n g  t h e  
s a m e  r e a c t i o n  m a y  i n c r e a s e  o r  d e c r e a s e  t h e i r  a c t i v i t y  a t  
t h e  s a m e  t i m e  u n d e r  c o n d i t i o n s  of p h y s i c a l  exerc i se .  

s j .  S. 1r Advances in (dancer Research Methods (Ed. H. Busch;  
Academic Press, New York 1967), vol. 3, p. 153. 
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