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Table If. GC retention temperatures of the S. exempts olfactory stimulants S(i) and S(ii) and of known Spodoptera spp. sex pheromones 

Sample Retention temperature (~ Column A Retention temperature (~ Column C 

Tetradecanyi aceate 172.9 133.0 

(Z)-9-Tetradecenyl acetate 176.3 137.8 
(Z)-9, (E)-12-Tetradecadienyl acetate 183.2 144.9 
(Z)-9, (E)-ll-Tetradecadienyl acetate 189.0 145.5 
Olfactory stimulant S(i) 176.2 137.5 

S(ii) 183.4 144.8 

Column C: EGSS-X (other conditions as for Column A in Table I). 

Table III. Comparison of male moth antennal responses to natural 
and synthetic olfactory stimulants 

Sample EAG response (mV) 

Run I Run 2 

Female tip extract containing S(i) 4 ng 1.0 1.1 
S(ii) ca. 0.2 ng 0.4 0.4 

(Z)-9-Tetradecenyl acetate, 4 ng 1.0 1.0 
(Z)-9, (E)-12-Tetradecadienyl acetate, 0.2 ng 0.6 0.4 

All samples were chromatographed on Column C (Table II). Weights 
quoted are for the amount of sample injected onto the GC column. 

(Z)-9 , (E)-12- te t radecadienyl  ace ta te  (II) co-chromato-  
g raphed  wi th  S(ii) on all 3 columns,  and  th is  was the  
only  diene isomer  which  caused an an t enna l  response.  

The potencies  of c o m p o u n d s  (I) and (II) were shown to 
be comparab le  w i th  those  of the  na tu ra l  o l fac tory  
s t imu lan t s  by  recording  E A G  responses  of t he  same male  
m o t h  to  female  ex t r ac t  and  to  cor responding  a m o u n t s  of 
compounds  (I) and  (II) (Table I I I ) .  In  a l abo ra to ry  
b ioassay  involv ing  a t t r a c t i o n  of male  m o t h s  into a t r ap  7 
a m i x t u r e  of (I) (50 ng) and  (II) (2.5 rig) a t t r a c t e d  40 -60% 
of the  t e s t  moths .  I t  was concluded t h a t  these  2 compounds  
cons t i tu t e  t he  female sex p h e r o m o n e  of S. e;;empta, 
a l though  field tr ials  are needed  to  conf i rm th is  and  to 
de t e rmine  the  exac t  func t ions  of the  2 componen t s .  

Phe romones  (I) and  (II) are also p roduced  by  female 
S. eridania 4 bu t  in a d i f ferent  ra t io  f rom t h a t  found  in 
S. exempta. The diene (II) has  been found in S. litura 6 in 
combina t ion  wi th  a con juga ted  diene, and  in S. exiguah; it  
has  also been repor ted  to  be a t t r ac t i ve  to male  S. d olichos s. 
The mono-ene  (I) has been  isolated f rom S. /rugiperda a 
and forms p a r t  of t he  phe romone  complex  of S. littoralis 2. 

Zusammenfassung.  Es wurden  mi t  gas -chromatogra -  
ph i scher  E l e k t r o a n t e n n o g r a m m - M e t h o d e  (Z)-9-tetradece- 
nyl-  1-acetat  nnd  (Z)-9, (E)- 12- te t radeeadienyl-  1-acetat  als 
die Sexual lockstoffe  weibl icher  Spodoptera exempta 
(Wlk.) ident i f iz ier t .  
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H o w  H o m o l o g o u s  are  the  a and ~ S u b u n i t s  of  C - P h y c o c y a n i n  ? 

In  recen t  years  i t  has  been  d e m o n s t r a t e d  t h a t  C- 
phycocyan ins  are composed  of two types  of subuni t s  
(~ and  fl) which  a lways occur in a 1:1 ratio.  The na tu re  
of these  subuni t s  - t h e y  are b o t h  single po lypep t ide  
chains  - was clearly es tabl ished by  analysis  of the i r  
amino terminals ,  molecular  weights  and  amino  acid 
composit ion1-7.  As soon as the  resul ts  of the  amino  acid 
analyses  of those  subuni t s  were available,  a considerable  
homology  b e t w e e n  the  two chains  was an t i c ipa t ed  owing 
to the  fact  t h a t  the i r  amino  acid composi t ions ,  t h o u g h  
no t  identical ,  show remarkab le  analogies, e.g. the  high 
con ten t  of glycine and  alanine.  This  holds  for t he  C- 
phycocyan ins  of all t ypes  of blue green algae which  have  
so far been  inves t iga ted  in th is  respect~-L However ,  a 

h igh degree of homology  was no t  found  when  large 
chromophore-con ta in i l lg  pep t ides  of bo th  chains  f rom 

1 A. N. GLAZER and G. COHEN-BAZlRE, Proc. natn. Acad. Sci., USA 
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C-phycocyan in  of Mastigocladus laminosus were sub-  
j ec ted  to  sequence  ana lys i s  in  our  l a b o r a t o r y  s. W i t h i n  a 
span  of 13 c o m p a r a b l e  res idues  on ly  two homologous  ones 
were ident i f ied  in a d d i t i o n  to t h e  c h r o m o p h o r e - b i n d i n g  
cys te ine  wh ich  serves as a reference p o i n t  for a l ign ing  t h e  
two  po lypep t i de  chains .  This  is j u s t  a b o u t  t he  n l i n i m u m  of 
homology  necessa ry  to exclude  the  poss ib i l i ty  of chance  
in a s t a t i s t i ca l  d i s t r i b u t i o n  of residues.  

I n  th i s  p a p e r  we show t h a t  a region of r e m a r k a b l y  h igh  
homology  be tween  t he  s u b u n i t s  of C -phycocyan in  f rom 
Mastigocladus laminosus exis ts  close enough  to  t he  a m i n o  
t e r m i n a l s  t h a t  i t  can  be  i n v e s t i g a t e d  b y  means  of a u t o m a t i c  
E d m a n  degrada t ion .  
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Fig. 1. Separation of Mastigocladus laminosus C-phyeocyanin (CPC) 
subunits on hydroxyapatite in presence of SDS. Denatured CPC was 
applied to a column (40 x 2,5 cm) and eluted with phosphate buffer 
(pH 6.4) containing 0.1% SDS and 0.25% /~-mereaptoethanol. A 
linear gradient of phosphate was applied (ascending straight line). 

Fig. 2. Cellogel electrophoresis of C-phycocyanin (a), z-chain (b) and 
fi-chain (e). The proteins were urea-treated (9 M urea, 21/o, h at 37 ~ 
and submitted to eleetrophoresis at pH 7.2 (0.2 M potassium 
phosphate, 0.1 mM EDTA, 10 mM fi-mercaptoethanol and 6 M 
urea). The strips were stained as described by H~IL and ZILLIG 12. 

Improvements in the methods for chain separation, 
p a r t i cu l a r l y  t h e  swi tch  f rom p r e p a r a t i v e  gel e lec t ropho-  
resis to  a co lumn  me t h o d ,  p rov ided  us w i t h  the  a m o u n t s  
of single cha ins  necessa ry  for more  de ta i led  sequence  
s tudies .  

Materials and methods. C - p h y c o c y a n i n  (CPC) f rom 
M. laminosus was p r e p a r e d  as descr ibed  ear l ier  4. H y d r o x y -  
a p a t i t e  (dry powder)  was Biogel  H T P  f rom Calb iochem.  
SDS a n d  t r y p s i n  ( t rea ted  w i t h  tosy l -L-pheny la lany l -  
ch loroke tone)  were p u r c h a s e d  f rom Serva.  Sequencer  
r eagen t s  an d  so lven ts  were Pierce  sequena l  g rade  (Ztirich) 
a n d  B e c k m a n  (Basle). All o the r  chemica ls  were a n a l y t i c a l  
grade  f rom e i the r  Merck  or F luka .  

Cha in  s e p a r a t i o n  was ach ieved  on  a n  SDS h y d r o x y -  
a p a t i t e  co lumn  (25 • 40 cm, equ i l i b r a t ed  w i t h  0.01 M Na-  
p h o s p h a t e  buffer  p H  6.4 c o n t a i n i n g  0.1% SDS a n d  
0.25 %/~ -mercap toe thano l )  fol lowing closely t h e  cond i t ions  
of Moss  an d  ROSBNBLUM 9. CPC (65 mg) was d issolved in 
15 ml  of t h e  equ i l i b r a t i on  buf fe r  to  wh ich  300 mg SDS 
a n d  600 m g  /3 -mercap toe thanol  were t h e n  added.  The  
so lu t ion  was h e a t e d  to 100~ for 5 min ,  t h e n  d i lu ted  
w i t h  15 ml  of the  same  buffer  an d  i m m e d i a t e l y  app l ied  to 
t h e  column.  T h e  co lumn  was r insed  w i t h  a p p r o x i m a t e l y  
100 mI of t h e  buffer .  A l inea r  g r a d i e n t  f rom 0.25 M to 0.5 M 
p h o s p h a t e ,  b o t h  so lu t ions  a t  p H  6.4 a n d  c o n t a i n i n g  0.1% 
SDS a n d  0 .25% ~ -mercap t o e t h an o l ,  was  t h e n  appl ied .  
E l u t i o n  (40 ml /h)  was m o n i t o r e d  b y  record ing  t h e  op t ica l  
d en s i t y  of t h e  e luen t  a t  280 nm.  F r a c t i o n s  c o n t a i n i n g  t he  

and/~ s u b u n i t  r e spec t ive ly  were pooled an d  e x h a u s t i v e l y  
d ia lyzed  aga ins t  de ionized water .  B o t h  cha ins  p r e c i p i t a t e d  
to a large e x t e n t  d u r i n g  dialysis .  The  suspens ions  were 
f rozen an d  lyophi l ized.  For  t o t a l  e l i m i n a t i o n  of res idua l  
SDS,  t h e  m e t h o d  of WEBER a n d  KUTER 1~ was used.  

U n d e r  t h e  usual  condi t ions ,  t r y p t i c  c leavage  of e i the r  
cha in  is incomple te .  S t rong  in t r a -  a n d  i n t e rmo l ecu l a r  
h y d r o p h o b i c  in te rac t ions ,  p r e s u m a b l y  i nvo lv ing  t he  
ch romophore ,  call for special  d e n a t u r a t i o n  w i t h  exc lus ion  
of p a r t i a l  r e n a t u r a t i o n  before  c leavage  has  begun .  5 m g  
of e i the r  s u b u n i t  were suspended  in 100 ,al 8 M urea  and  
h e a t e d  for 20 rain  to  50~ Af te r  cooling 100 ,al 1 M 
a m m o n i u m  h y d r o g e n  ca rbona te ,  100 [xl DMSO an d  10 [zl 
e n z y m e  so lu t ion  (20 m g  t r y p s i n  pe r  ml  1 m M  h y d r o -  
chloric acid) were a d d e d  an d  c leavage  was a l lowed to 
proceed  a t  r oom t e m p e r a t u r e  (24~ Af te r  2 an d  4 h, 
10 }1 a l iquo ts  of f resh e n z y m e  so lu t ion  was added  to  each  
of t h e  d iges t ion  mix tu res .  W h e n  a n  i n c u b a t i o n  t ime  of 6 h 
h a d  been  reached,  d iges t ion  was s t o p p ed  b y  h e a t i n g  
t h e  m i x t u r e s  for 2 m i n  to 100~ The  so lu t ions  were 
clar if ied b y  cen t r i f u g a t i o n  (small  a m o u n t  of p rec ip i t a t e  
d iscarded)  an d  passed  t h r o u g h  a S e p h a d e x  G-15 c o l u m n  
(1 .5X20  cm e q u i l i b r a t e d  w i t h  5 m M  a m m o n i a )  to  
s epa ra t e  t h e  pep t ides  f rom DMSO a n d  urea.  T h e  f r o n t a l  
p e a k  f rac t ions  (moni to red  a t  215 rim) were pooled and  
lyophi l ized .  

P e p t i d e  m a p p i n g  was done  b y  t w o - d i m e n s i o n a l  h i g h  
vo l tage  p a p e r  e lec t rophores i s  ( W h a t m a n  No. 1 paper ,  
50 V/cm,  S a v a n t  t a n k  appa ra tu s ) .  T h e  f i rs t  d i m e n s i o n  
was r u n  a t  p H  6.5 (pyr id ine-ace t ic  ac id-water ,  25 :1 :225  
b y  volume)  for i h. T h e  p a p e r  s t r ip  c o n t a i n i n g  t h e  pep t ides  
was t h e n  cu t  in to  2 pieces, one ca r ry ing  t h e  basic  pep t ides  
a n d  t h e  o the r  b ea r i n g  t h e  acidic a n d  n e u t r a l  pept ides .  
For  t h e  second d imens ion ,  b o t h  pieces were s t i t ched  to  
sepa ra te  papers .  T h e y  were b o t h  r u n  a t  p H  2.0 (formic 
ac id-acet ic  ac id-water ,  1 :4 :45 ,  b y  volume) ,  t h e  basic  
pep t ides  to t  45 ra in  an d  t h e  o the r s  for 75 min.  

s p. G. H. BYFIELD and H. ZUBER, FEBS Lett. 28, 36 (1972). 
9 B. 1Vfoss and E. N. ROSENBLU.~I, J. biol. Chem. 247, 5194 (1972). 

lo K. W~BER and D. J. KUTER, J. biol. Chem. 246, 4304 (1971). 
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The  sequence  ana lyses  were pe r fo rmed  on t h e  whole  
cha ins  us ing  a B e c k m a n  model  890 C sequencer  (Ziirich) 
a n d  a model  890 B (Basle). P T H - a m i n o  acids were 
iden t i f i ed  e i the r  b y  m e a n s  of TLC, GLC a n d  mass  
spec t roscopy  (Basle) or, in  Ziirich, b y  h i g h  speed LC w i t h  
t he  sys t ems  descr ibed  p rev ious ly  ~*. Serine res idues  
could on ly  be iden t i f i ed  w i t h  the  l a t t e r  me thod .  

ResoRts and discussion. The  resu l t  of t he  cha in  
s epa ra t i on  is r ep r e s en t ed  in  F igure  1. The  f i rs t  p e a k  
consis ts  of yel low m a t e r i a l  wh ich  is no t  p r o t e in  b u t  
p r e s u m a b l y  m a t e r i a l  de r ived  f rom t he  ch romophore .  The  
fol lowing 2 peaks  of b lue  ma te r i a l ,  a l t h o u g h  no t  sym-  
met r ica l ,  are t he  s e p a r a t e d  s n b u n i t s  w i t h  a m a x i m u m  
cross c o n t a m i n a t i o n  ot 5% (calcula ted  f rom t he  f i rs t  s tep  
of t he  s e q u e n a t o r  analyses ,  a s s u m i n g  t h a t  t he re  were  no 
o the r  b a c k g r o u n d  a m i n o  acids t h a n  those  wh ich  s t e m m e d  
f rom such cross c o n t a m i n a t i o n s ) .  F igure  2 shows a 
c o m p a r i s o n  of t he  s e p a r a t e d  s u b u n i t s  wi th  t he  s t a r t i n g  
m a t e r i a l  on  cellogel e lec t rophores is .  T he  m i n o r  c o m p o n e n t  
seen to  a c c o m p a n y  t he  f l - subuni t  on  CellogeI-electropho- 
resis c a n n o t  be obse rved  in the  CPC before  s e p a r a t i o n  of 
t he  s u b u n i t s  and  the  r e t o r t  seems to be an  a r t e fac t .  Since 
b o t h  cha ins  a p p e a r  to  be  h o m o g e n o u s  in t he  s e q u e n a t o r  
analysis ,  we assume t h a t  t he  m i n o r  c o m p o n e n t ,  as well 
as t he  shou lde r  in  t h e  ~-chain  peak  f rom h y d r o x y a p a t i t e ,  
ref lects  d i f ferences  in t he  c h r o m o p h o r e  p a r t s  of t he  
molecules  and  no t  in t he  p o l y p e p t i d e  chains .  

In  t h e  t w o - d i m e n s i o n a l  pep t ide  m a p s  (Figure 3) of 
t r y p t i c  pep t ides  f rom b o t h  s u b u n i t s  t he  t o t a l  n u m b e r  of 
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Fig. 3. Two-dimensional peptide maps of tryptic digests of the two 
CPC subunits, a) acidic and neutral peptides b) basic peptides. 
Solid outline, peptides derived from ~-chain; dotted outline fi-cbain 
peptides. Ninhydrin-positive spots are shown. 

pept ides ,  as well  as the  n u m b e r  of a r g i n i n e - c o n t a i n i n g  
pept ides ,  are in good a g r e e m e n t  w i t h  t he  n u m b e r s  expec ted  
f rom the  a m i n o  acid compos i t ions .  T h e y  are  s l igh t ly  
smal le r  t h a n  the  t heo re t i ca l  n u m b e r s  (~-chain:  12 in s t ead  
of 14; f l-chain 10 in s t ead  of 13 and  in b o t h  cha ins  one 
a rg in ine -pep t i de  less). This  h a d  to be e x p e c t e d  because  
b o t h  digests  h a d  c o n t a i n e d  insoluble  pep t ides  wh ich  could 
no t  be appl ied  to  t he  p a p e r  for e lectrophoresis .  However ,  
all  b u t  2 pep t ides  of each  cha in  are loca ted  in such  
pos i t ions  t h a t  t h e y  c a n n o t  poss ib ly  be c o m m o n  to b o t h  
chains .  F u r t h e r m o r e ,  t he  2 pep t ides  of s imi la r  loca t ion  
are a m o n g s t  t he  n e u t r a l  pep t ides  for wh ich  such  co- 
inc idence  is less s ign i f ican t  t h a n  for t h e  cha rged  pep t ides  in 
t he  s y s t e m  we used. T h u s  i t  is qu i te  un l ike ly  t h a t  la rger  
regions of iden t i ca l  sequence  exis t  in  t he  ~- a n d  f l-chains 
of CPC f rom M .  larniaos~as. 

The  resu l t s  of t he  s e q u e n a t o r  ana lyses  are g iven  in 
F igure  4. ~u  t he  f i rs t  11 residues,  a m i n i m u m  of 
15 base  changes  (out of 33) is needed  to exp la in  how the  
two cha ins  could h a v e  deve lopped  f rom a c o m m o n  
ances tor .  Thus ,  in  th i s  region t he  s i t ua t i on  h a r d l y  differs 
f rom t h a t  of 2 d i f fe ren t  p ro t e in s  w i t h  r a n d o m  d i s t r i b u t i o n  
of a m i n o  acid residues,  a l t h o u g h  the re  is a c o m m o n  
th reon ine .  For  t he  n e x t  17 residues,  t he  p i c tu re  changes  
g rea t ly  to  a m i n i m u m  n u m b e r  of 10 base  changes  ou t  of 
51 bases  a n d  10 iden t ica l  a m i n o  acid residues.  F r o m  
f u r t h e r  s e q u e n a t o r  results ,  wh ich  are no t  clear  enough  to 
be p u b l i s h e d  ~n detai l ,  we get  the  impress ion  t h a t  t he re  
will be  ve ry  l i t t le ,  if any,  h o m o l o g y  for the  s u b s e q u e n t  
6 residues,  a n d  no  i n f o r m a t i o n  is so far  ava i l ab le  for 
regions  b e y o n d  this .  

The  C-phycocyan ins  are phy logene t i ca l l y  v e r y  old 
pro te ins .  The  obse rved  large d i t fe rences  be tween  t he  
a m i n o  acid sequences  of t h e  2 s u b u n i t s  can  easi ly be  
exp la ined  u n d e r  t he  a s s u m p t i o n  t h a t  a c o m m o n  ances to r  
d ive rged  in to  the  2 cha ins  a suf f ic ien t ly  long t i m e  ago. 
Most  p l aus ib ly  such  d ivergence  will h a v e  been  e n h a n c e d  
b y  t h e  gain  of e x t r a  p roper t i e s  of t h e  CPC as a whole,  e.g. 
e s t a b l i s h m e n t  of coopera t iv i ty ,  a s suming  t he  se lect ion of 
t he  m o s t  successful  molecules.  On t he  o the r  hand ,  t he  
pers i s tence  t i l l  t o d a y  of sequences  f rom a c o m m o n  
ances to r  to  b o t h  cha ins  can  on ly  be u n d e r s t o o d  b y  m e a n s  
of a s t rong  f u n c t i o n a l  impe ra t i ve .  Qui te  likely, t he  2 
s u b u n i t s  r e t a i n  t h a t  degree of h o m o l o g y  wh ich  is v i t a l  for 
m a i n t e n a n c e  of those  func t iona l  p roper t i e s  which  t h e y  
m u s t  h a v e  in c o m m o n  w i t h  each  o the r  and  w i t h  t h e i r  
c o m m o n  ances tor .  

I n  th is  p a p e r  we d e m o n s t r a t e  t h a t  such  m i n i m u m  
homology  is st i l l  qu i t e  a p p a r e n t  w i t h i n  t he  regions  con- 
cerned.  

]1 G. FRANK and W. STRrJBRR% Chromatographia 6, 522 (1973). 
]2 A. H~IL and W. ZILLm, FEBS Lett. 71, 165 (1970). 
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Fig. 4. Comparison of the first 29 amino acid residues of both subunits of CPC from M. laminosus. Minimum number of single spot mutations 
necessary to derive both chains from a common ancestor is listed in the 3rd line. 
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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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