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Increase  in Cystathionine  ]3-Synthase Act iv i ty  in 

C y s t a t h i o n i n e  f l - s y n t h a s e  (EC 4.2.1.21)  is a p y r i d o x a l -  
P - d e p e n d e n t  e n z y m e  c a t a l y z i n g  t h e  f o r m a t i o n  of  c y s t a -  
t h i o n i n e  f r o m  L - h o m o c y s t e i n e  a n d  L-ser ine .  R e c e n t l y  i t  
h a s  b e e n  f o u n d  t h a t  b o t h  t h e  c y s t a t h i o n i n e  f i - s y n t h a s e  
a n d  L-se r ine  s u l f h y d r a s e  (E C  4.2 .1 .22)  a c t i v i t i e s  a r e  d u e  
to  a s i ng l e  e n z y m e ~ , " .  D e f i c i e n c y ,  o r  a b s e n c e ,  of  c y s t a -  
t h i o n i n e  r  a c t i v i t y  c a u s e d  b y  a g e n e t i c  de fec t ,  
r e s u l t s  in  a s e r i o u s  i n b o r n  d i s e a s e  ca l l ed  h o m o c y s t i n u r i a  ~-*. 

E t h i o n i n e  is k n o w n  to  p r o d u c e  a n  i n h i b i t i o n  of h e p a t i c  
p r o t e i n  s y n t h e s i s  v-~~ a n d  i n c r e a s e  in  t h e  c o n c e n t r a t i o n  
of  f ree  a m i n o  a c i d s  in  p l a s m a  a n d  t i s s u e s  ~ .  T h i s  a n a l o g  of 
m e t h i o n i n e  a l so  c a u s e s  a n  i n h i b i t i o n  of  p h o s p h o l i p i d  
b i o s y n t h e s i s  ~ as  wel l  a s  a f a t t y  l i ve r  ~ ,  ~4. T r e a t m e n t  w i t h  
e t h i o n i n e  i n d u c e s  a r a p i d  fa l l  ill t h e  l i ve r  A T P  c o n c e n t r a -  
t i o n ~ - ~ "  a n d  c a u s e s  a d e p r e s s i o n  o f  R N A  s y n t h e s i s  ~0-ea. 
I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  e t h i o n i n e  c a u s e s  a n  
a l t e r a t i o n  in  h e p a t i c  i on ic  c o m p o s i t i o n  a~ ~*, t h e n  a 
d i m i n u t i o n  of  N A D  a n d  N A D P  l eve l s  ~v a n d  a c h a n g e  in  
t h e  p o l i a m i n e s  c o n t e n t " S .  

I n  v i e w  of t h e  i m p o r t a n c e  of t r a n s s u l f u r a t i o n  in  
m a m m a l s ,  t h e  e f f ec t  of  e t h i o n i n e  o n  c y s t a t h i o n i n e  fl- 
s y n t h a s e  a c t i v i t y  is r e p o r t e d  in  t h i s  p a p e r .  

Table I. Specific activities of cystatbionine fi-synthase measured as 
L-serine sulfhydrase (in nmoles cysteine/mg protein/h) 

Treatment  Cystathionine 
~-synthase 

NaC1 75.8 ~ 4 
L-Ethionine 371.6 :j: 18 ~ 
Aetinomyein D 73.3 -4- 9 
Aetinomycin D + L-Ethionine 359.2 -t- 12 
Cycloheximide 72.8 -4- 6 
Cycloheximide + L-Ethionine 354.7 4- 21 
DL-Methionine 71.9 4- 8 
DL-Methionine + L-Ethionine 89.9 4- 6 
nL-Metbioninesulfone 76.5 4- 4 
DL-Methionine sulfone + L-Ethionine 363.5 4- 11 ~ 
L-Methionine-DL-sulfoximine 74.6 4- 5 
L-Methionine-nL-sulfoximine + L-Ethionine 367.4 4-  15 ~ 
ATP 77.1 4- 8 
ATP + L-Ethionine 366.8 4- 20 �9 

Results are expressed as mean =~ standard error for 12 rats. ~ Differs 
from NaCl-group at p < 0.001. 

the Liver of Rats  Treated  with  L-Ethionine 

2Vfaterials and methods. F e m a l e  a n d  m a l e  a l b i n o  r a t s  
w e i g h i n g  1 8 0 - 2 2 0  g w e r e  u s e d .  L - e t h i o n i n e ,  a c t i n o m y c i n  
D,  c y c l o h e x i m i d e  a n d  A T P  w e r e  i n j e c t e d  i .p.  in  d o s e s  of  
400 rag,  1 rag,  20 m g  a n d  200 m g  p e r  k g  of  b o d y  w e i g h t ,  
r e s p e c t i v e l y .  D L - m e t h i o n i n e ,  L - m e t h i o n i n e - D L - s u l f o x i m i n e  
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Table II. The effect of L-ethionine on cystathionine fl-synthase in vitro 

27 

Rats treated with Medium for incubation No. of experiments Enzyme activity 

NaCI (0.15 M) Liver homogenates + H20 8 74.3 ~= 5 

Liver homogenates q- ethionine (1 mM) 8 73.8 ~= 9 

Ethionine (400 mg/kg) Liver homogenates q- H~O 8 377.5 ~: 16 
Liver homogenates + ethionine (1 mM) 8 371.6 ~= 19 

p > 0.05 

p > 0.05 

a n d  DL-methionine-sul fone  were a d m i n i s t e r e d  b y  t he  same  
rou t e  in  a n  a m o u n t  e q u i m o l a r  to  t he  q u a n t i t y  of e th ion ine .  
Cont ro l  r a t s  rece ived  a n  equa l  v o l u m e  of 0.15 2VI NaC1. 
Su l fu r - con ta in ing  a m i n o  acids,  as well  as ATP,  ac t ino-  
m y c i n  D a n d  cyc loheximide ,  were g iven  15 in in  before  
e th ion ine .  An ima l s  were ki l led 3 h a f t e r  e th ion ine  in- 
jec t ion.  D e t e r m i n a t i o n  of c y s t a t h i o n i n e  f l - synthase  
a c t i v i t y  was m a d e  accord ing  to  t he  m e t h o d  of STEPIEN 
and  PIENIAZEK 29. The  q u a n t i t y  of p r o t e i n  was d e t e r m i n e d  
b y  t h e  m e t h o d  of LOWRY et  al. 30 

Results and discussion. As can  be  seen in Tab le  I, 
e th ion ine  in  a dose of 400 m g / k g  of b o d y  we igh t  causes  
an  increase  in  c y s t a t h i o n i n e  f i - synthase  a c t i v i t y  in r a t  
l iver.  E n z y m e  a c t i v i t y  is a p p r o x i m a t e l y  5 t imes  above  
t he  n o r m a l  level  3 h a f t e r  e th ion ine  in jec t ion .  The re  is no 
sex d i i fe rence  in th i s  e th ion ine  effect. P r e t r e a t m e n t  w i t h  
ATP,  a c t i n o m y c i n  D, cyc loheximide ,  m e t h i o n i n e  sulfo- 
x i m i n e  or m e t h i o n i n e  sulfone do no t  change  t he  e th ion ine  
effect  s igni f icant ly ,  b u t  m e t h i o n i n e  does p r e v e n t  t he  
increase  in e n z y m e  ac t iv i ty .  G iven  w i t h o u t  e th ion ine ,  
these  subs t ances  do no t  m o d i f y  t he  basa l  c y s t a t h i o n i n e  
s y n t h a s e  a c t i v i t y  s igni f icant ly .  

I t  is well  k n o w n  f rom p rev ious  pub l i c a t i ons  t h a t  
t r e a t m e n t  w i t h  e th ion ine  causes  a r ap id  dep le t ion  of 
hepa t i c  A T P  13-~8. The  d a t a  p r e sen t ed  in th i s  p a p e r  
ind ica te  t h a t  A T P  a d m i n i s t r a t i o n  is w i t h o u t  effect  on  
c y s t a t h i o n i n e  s y n t h a s e  ac t iv i ty .  T he  ia i lure  of A T P  to 
af fec t  t he  e th ion ine  ac t ion  seems to exclude  the  poss ib i l i ty  
t h a t  t h i s  effect  is r e l a t ed  to  h e p a t i c  A T P  def ic iency 
induced  b y  e th ion ine .  The  i nh ib i t o r s  of R N A  and  p r o t e i n  
synthes is ,  a e t i n o m y c i n  D a n d  cyc loheximide ,  do no t  
p r e v e n t  the  e th ion ine  ac t ion .  These  f ind ings  show t h a t  
t he  increase  in c y s t a t h i o n i n e  s y n t h a s e  a c t i v i t y  in r a t  
l iver  caused  b y  e th ion ine  is no t  a resu l t  of de IlOVO 
e n z y m e  synthes is .  

The  effect  of e th ion ine  on  t he  e n z y m e  in v i t ro  was 
e x a m i n e d  also (Table  II) .  Cont ro l  r a t  l ive r  t i s sue -homog-  
ena tes  were used in t he  s tudy ,  as well  as l iver  h o m o g e n a t e s  
of r a t s  w h i c h  h a d  received e th ion ine  (400 mg/kg)  3 h 
before  t h e y  were killed. To these  h o m o g e n a t e s  e th ion ine  
was a d d e d  to  t he  f ina l  c o n c e n t r a t i o n  of 1 m M .  The  
i n c u b a t i o n  was car r ied  ou t  a t  37~ for 30 rain.  No 
di f ference in t he  e n z y m e  a c t i v i t y  be tween  con t ro l  a n d  
e t h i o n i n e - t r e a t e d  h o m o g e n a t e s  was found.  A d d i n g  e th io-  
n ine  to t he  l iver  h o m o g e n a t e s  of r a t s  w h i c h  h a d  received 
e th ion ine  did  n o t  cause  a n y  a d d i t i o n a l  increase  in 
c y s t a t h i o n i n e  s y n t h a s e  ac t iv i ty .  These  d a t a  sugges t  t h a t  
e t h ion ine  in f luence  on  e n z y m e  is no t  d i rec t :  i t  is poss ible  
to  suppose  t h a t  some e th ion ine  m e t a b o l i t e  causes  t h i s  
effect. Also t he  poss ib i l i ty  t h a t  c y s t a t h i o n i n e  s y n t h a s e  
a c t i v i t y  increase,  caused  b y  e th ion ine ,  was  he lped  b y  
some m e d i a t o r  is no t  exclude.  

C y s t a t h i o n i n e  s y n t h a s e  ha s  been  r epo r t ed  to possess 
2 a d d i t i o n a l  c a t a ly t i c  ac t iv i t i e s :  ser ine d e h y d r a t a s e  
(EC 4.2.1.13) 31 a n d  t h r e o n i n e  d e h y d r a t a s e  (EC 4.2.1.16) 3L 

However ,  l a t e r  i t  was d e m o n s t r a t e d  t h a t  pur i f i ed  
c y s t a t h i o n i n e  s y n t h a s e  is en t i r e ly  d i f fe ren t  f rom ser ine 
dehydra t a se3L  SAYR~ et  al. 34 s tud ied  t h e  s u b s t r a t e  
i n d u c t i o n  of t h r e o n i n e  d e h y d r a t a s e  in  v ivo  and  in  
per fused  livers.  T h e y  found  t h a t  e th ion ine  b locks  t he  
i n d u c t i o n  of enzyme.  F ind ings  g iven  in th i s  p a p e r  s u p p o r t  
the  conclus ion  t h a t  c y s t a t h i o n i n e  s y n t h a s e  and  t h r e o n i n e  
d e h y d r a t a s e  ac t iv i t i e s  are in  r e l a t i on  w i t h  2 d i t f e ren t  
enzymes .  

Since n u m e r o u s  s tud ies  h a v e  shown  t h a t  t he  i n d u c t i o n  
of m a n y  enzymes  is b locked  b y  e th ion ine  35-4~ a h igh ly  
s ign i f ican t  increase  (p < 0.001) c y s t a t h i o n i n e  s y n t h a s e  
a c t i v i t y  fol lowing e th ion ine  in j ec t ion  m a y  be of i n t e r e s t  
for  i nves t i ga t i ons  of b iochemica l  m e c h a n i s m s  of e n z y m e  
induc t ion .  

Rdsumd. Une  seule in j ec t ion  d ' 6 t h i o n i n e  (400 mg/kg)  
p r o v o q u e  une  a u g m e n t a t i o n  s ignifJcat ive de l ' a c t iv i t6  de la 
c y s t a t h i o n i n e  f l - synthase  du foie de ra t .  La  m 6 t h i o n i n e  
empSche l ' e f fect  de l '6 th ionine ,  t a n d i s  que  l ' a c t i n o m y c i n e  
D, le cycloheximide ,  la m 6 t h i o n i n e  sul foximine ,  la 
m 6 t h i o n i n e  sul fona  et  I ' A T P  ne  le m o d i f i e n t  pas.  I n  vi t ro ,  
l ' 6 th ion ine  n ' a  aucune  inf luence  sur  l ' a c t iv i t6  de la 
c y s t a t h i o n i n e  s y n t h a s e  h6pa t ique .  

]7)ARINKA I'~ 0 RA (~ EVI C, 41 

Department o/ Biochemistry, Faculty o/ Medicine, Ni~ 
(Yougoslavia), 29 July  1974. 

'a9 p. p. STEPIEN and N. J. PIENIAZEK, Analyt. Biochem. 5d, 294 
(1973). 

30 H. O. LOWRY, J. N. ROSEBROUGH, L. A. FARR and J. R. RANDALL, 
J. biol. Chem. 193, 265 (1951). 

81 A. SELI~ and D. GREENBERO, J. biol. Chem. 234, 1474 (1959). 
32 D. M. GREENBERG and A. NAGABHUSHAMAN, Abstracts 6th Int. 

Congress of Biochemistry 32, 310 (1964). 
83 H. NAKAGAWA, H. I{IMURA and S. MIURA, Biochem. biophys. 

Res. Commun. 28, 359 (1967). 
84 F. W. SAYRE, D. JENSEN and D. M. GREENBERG, J. biol. Chem. 

279, 111 (1956). 
35 L. S. DIETRICH, J. biol. Chem. 2/7, 79 (1954). 
36 I~. A. CONNEY, E. C. MILLER and J. A. MILLER, J. biol. Chem. 228, 

753 (1957). 
3r G. WEBER and L. R. SINGEL, Metabolism 13, 8 (1964). 
38 L. H. GURTOO and C. T. CAMPBELL, 13iochem. Pharmae. 79, 1729 

(1970) 
39 D. R. HOWLAND and A. BURKHALTER, 13iochem. Pharmac. 20, 

1463 (1971). 
a0 A. A. KARELIN, BuI1. exp. biol. Med. 74, 39 (1972). 
4l This work was supported by the Serbian Medical Research 

Foundation. 


