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The  mos t  i m p o r t a n t  low molecu la r  we igh t  complexes  
fo rmed  b y  Cu(II) ,  Fe ( I I I ) ,  Mn( I I )  and  Zn( I I )  in p lasma,  
as found  b y  c o m p u t e r  s i m u l a t i o n  are l is ted in Tab le  1. 
The  c o m p u t e r  mode l  t h a t  ca lcu la ted  these  pe rcen tages  
inc luded  a lmos t  5000 species t h a t  could be  p roduced  in 
the  presence  of seven  m e t a l  ions  and  40 l igands  a t  
-- log [H+] = 7.4. A l t h o u g h  t he  de ta i l s  of th i s  work  are to  

be pub l i shed  elsewhere ( m a n u s c r i p t  in p r e p a r a t i o n  17), t he  
p r e sen t  purpose  is served  b y  n o t i n g  t h a t  the  pe rcen t age  
d i s t r i b u t i o n  recorded  is i n d e p e n d e n t  of the  free m e t a l  ion 
concen t r a t i ons  chosen  for the  model .  This  is va l id  to  a 
precis ion of one pe r c en t  w h e n  c o m p u t e d  for concen t r a -  
t ions  w i t h i n  t he  r anges  shown  in Table  2. 

The  s imi la r i ty  be t w een  t he  m e t a l  ion d i s t r i bu t i ons  
pub l i shed  here  a n d  those  r epo r t ed  p rev ious ly  13-15 de- 
serves  some c o m m e n t .  A l t h o u g h  t he  a g r e e m e n t  is cer- 
t a i n l y  no t  perfect ,  i t  is su rp r i s ing ly  good in v iew of t he  
d ispar i t ies  t h a t  ex is t  w i t h  r ega rd  to t he  n u m b e r  of k inds  
of m e t a l  ion and  t he  n u m b e r  of complexes  t he  models  
con ta in .  This  is also a consequence  of t he  fac t  t h a t  t he  
pe rcen tages  d e p e n d  so s t rong ly  on t he  t o t a l  c o n c e n t r a t i o n  
a n d  on  t he  p r o t o n a t i o n  c o n s t a n t s  of t he  l igands  in t he  
sys tem.  The  f o r m a t i o n  of complexes  b y  one t r a n s i t i o n  
m e t a l  ha s  essent ia l ly  no  inf luence  on  t he  pe rcen tage  
d i s t r i bu t i ons  of o the r  m e t a l  ions. Thus,  i t  is possible to  
o b t a i n  a re l iable  d i s t r i b u t i o n  for one t r a n s i t i o n  m e t a l  
w i t h o u t  inc lud ing  all t he  o the r s  in the  model .  

Of course,  models  are on ly  as good as t he  p a r a m e t e r s  
u p o n  wh ich  t h e y  depend .  As m a n y  of t he  f o r m a t i o n  con-  
s tan t s ,  especial ly  for  t he  t e r n a r y  complexes ,  r e m a i n  to  be 
de t e rmined ,  th i s  t y p e  of i nves t i ga t i on  is sub jec t  to  con-  
t i nuous  i m p r o v e m e n t .  However ,  i t  is t r ue  t h a t  w i t h  on ly  
a few except ions ,  t he  f o r m a t i o n  c o n s t a n t s  of t he  species 
a p p e a r i n g  in Tab le  1 h a v e  been  measured .  Moreover ,  t he  
v i t a l ly  i m p o r t a n t  l igand pKas h a v e  all been  de t e rmined ,  
m o s t l y  u n d e r  physio logica l  cond i t ions  of t e m p e r a t u r e  
and  ionic s t r eng th .  Hence,  whi l s t  t he  ac tua l  pe rcen t ages  
recorded  m a y  be changed  in t he  fu tu re  and  whi l s t  i t  is 
possible t h a t  o t h e r  complexes  m a y  t u r n  ou t  to be signifi- 
cant ,  in our  opinion,  t he  b r o a d  p ic tu re  will r emain .  In  
par t i cu la r ,  th i s  appl ies  to  t he  ra t io  b e t w e e n  t he  concen-  
t r a t i o n s  of complexes  whose  f o r m a t i o n  c o n s t a n t s  h a v e  
been  a d e q u a t e l y  es tab l i shed .  Of even  g rea t e r  impor t ance ,  
the  idea  t h a t  i n f o r m a t i o n  a b o u t  t r a n s i t i o n  m e t a l  ion 
complexes  in  p l a s m a  can  be o b t a i n e d  f rom s imu la t i ons  
wh ich  o m i t  p ro t e in  equi l ibr ia  p rov ides  e n c o u r a g e m e n t  
b o t h  to  measure  t he  f o r m a t i o n  c o n s t a n t s  st i l l  o u t s t a n d i n g  
and  to  e x p a n d  ex i s t ing  models  of b lood  and  o the r  bio-  
fluids. 

17 p. M. MAY, P.W. LINDER and D. R. WILLIAMS, J. C. S. Dalton, 
paper no. 6/1631. 
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Summary. A c o m b i n a t i o n  of d i f fe ren t ia l  c en t r i f uga t i on  and  isopycnic  sucrose dens i t y  g r ad i en t  c en t r i f uga t i on  of ex-  
t r a c t s  f rom sp inach  leaves  (Spinacia oleracea L.) shows t h a t  a b o u t  20% of t h e  O-Acety lser ine  su l fhydry lase  are as- 
socia ted w i t h  chloroplas ts .  No apprec iab le  a m o u n t s  of O-Acety lser ine  su l fhydry lase  b a n d  w i t h  m i t o c h o n d r i a l  a n d  
pe rox i somal  m a r k e r  enzymes .  

F r o m  the  q u a n t i t a t i v e  s t a n d p o i n t ,  t h e  m o s t  i m p o r t a n t  
func t ion  of su l fa te  r educ t i on  is to  p roduce  cyste ine .  There  
is ev idence  f rom d i f fe ren t  o rgan i sms  t h a t  L-cysteine is 
p roduced  b y  su l fhyd r y l a t i on  of O-acetyl-L-serine (OAS) 
w i t h  sulfide:  O acetyl-L-ser ine + sulfide -+ L-cysteine + 
ace ta te .  The  reac t ion  is ca t a lyzed  b y  O-acetylser ine  sulf- 
hydry lase ,  abbr .  OAS-S  (O-acetyl-L-serine ace t a t e  lyase 
[adding  h y d r o g e n s u l f i d @  EC. 4.2.99.8). The  e n z y m e  has  
been  r epo r t ed  in b a c t e r i a  2, fungi3, 4 and  severa l  h igher  
p l a n t s  * 7. 

Resu l t s  of d i f fe ren t  a u t h o r s  v-" ind ica te  tha~ in h ighe r  
p l a n t s  t he  e n z y m e  is localized in t he  cy top lasm.  This  is in 

c o n t r a s t  to  r epor t s  t h a t  i sola ted ch lo rop las t s  can  fo rm 
cys te ine  10-12,1< I t  seemed desirable ,  therefore ,  to  c lar i fy  
w h e t h e r  t he  e n z y m e  m i g h t  be associa ted,  a t  leas t  in  
par t s ,  w i t h  organel les  such  as chloroplas ts ,  m i t o c h o n d r i a  
and  peroxisomes.  

The  e x t r a c t i o n  a n d  i so la t ion  of organel les  f rom sp inac h  
leaves  (Spinacia oleracea L., var .  Nobel)  was  ach ieved  ac- 
cord ing  to ROCHA and  TING 13 b y  m e a n s  of a sucrose  
based  e x t r a c t i o n  m e d i u m  a n d  a c o m b i n a t i o n  of differen-  
t ia l  c en t r i f uga t i on  a n d  isopycnic  sucrose dens i t y  g r a d i e n t  
cen t r i fuga t ion .  The  m e t h o d  consis ts  of 3 d i f fe ren t ia l  
c en t r i f uga t i on  s teps :  250 g for 90 sec (250 g c rude  ex- 

Table 1. Percent organelle cross contamination of spinach leaf organelles in a 40 75% (w/v) linear sucrose density gradient 

Organelle fraction Isopycnic density 
(g/cm 3) 

Contaminating organelle 

Peroxisomes Mitochondria In tact  chloroplasts Broken chloroplasts 
% % % % 

Peroxisomes 1.255-1.26 1.5 < 1 
Mitochondria ] .20 3 1.5 
Intact chloroplasts 1.226 2.5 5 - 
Broken chloroplasts 1.178 2 19.5 < 1 

<I 
2.5 
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Fig. 1. Dis t r ibut ion  of O-Acetyl- 
serine sul fhydrylase  on a sucrose 
dens i ty  gradier~t from a 10O0 g 
spinach leaf pellet.  Chlorophyll  
was de termined  according to 
ARNON 16. Enzyme  assays:  Cata-  
lase according to LUECK lv, Cyto- 
chrome c oxidase (Cyt. c oxidase) 
according to RocHa and TING *a, 
NAD P-glyceraldehyde-3-phos- 
pha t e  dehydrogenase  (NADP- 
GAP} according to HI~BER et 
al.lS; O-acetylserine sulfhydryIase 
(OAS-S) according to BECKER et 
a1.19. 
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Table  2. O-Aeetylserine su l fhydrylase  (OAS-S) and chlorophyl l  in  the 250 g crude ex t r ac t  and  in i n t ac t  chloroplas ts  f rom spinach leaves 

Fract ions  Chlorophyll  OAS-S OAS-S/chlorophyl l  
( total  amounts  in mg) ( total  ac t iv i t ies  in ~moles eysteine rain 1) (~zmoles eys te ine  � 9  chlorophyl l  x rain 1) 

250 g crude ex t r ac t  10.7316 (100%) 108.0160 (100%) 10.065 {100%) 
I n t a c t  chloroplasts  0.2488 (2.318%) 0.5106 (0.473%) 2.052 (20.39%) 

Fig. 2. Dis t r ibu t ion  of O-acetyl- 
serine su l fhydry lase  oil a sucrose 
dens i ty  gradient  from a 3000 g 
spinach leaf pellet.  The assays 
were carr ied out  as described in 
Figure  1. 
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t ract) ,  1000 g for 5 min ar/d 3000 g for 15 min.  B o t h  the  
1000 g and  3000 g r e snspended  pel lets  were  layered on 
40-75% (w/v) sucrose gradients ,  which  were cent r i fuged 
for 3 h in a Beckman  SW-27 swinging bucke t  ro to r  a t  
25000 r p m  in a Spinco L2-65 B p repa ra t ive  u l t racent r i -  
fuge. 

Table 1 shows the  con t amina t i on  of the  d i f ferent  
organelle f ract ions  and the i r  isopycnic  densit ies.  The 
es t ima t ion  of the  pe rcen t  organelle cross con t amina t i on  
is based  on chlorophyl l  con ten t s  and the  ac t iv i ty  of 
organelle marker  enzymes  (NADP-glycera ldehyde-3-  
p h o s p h a t e  dehydrogenase  for i n t ac t  chloroplasts ,  cyto-  
chrome c oxidase for mi tochondr i a  and catalase  for 
peroxisomes) .  The isopycnic densi t ies  are comparab le  to 
those  found by  o ther  workers  ~4. 

Figure  1 shows a peak  of OAS-S ac t iv i ty  in t he  frac- 
t ions  of i n t ac t  chloroplasts .  I t  conta ins  a b o u t  25% of the  
enzyme ac t iv i ty  of the  1000 g pellet .  The OAS-S ac t iv i ty  
found in the  s u p e r n a t a n t  of t he  grad ien t  m a y  be ex- 
pla ined as consequence of ch loroplas t  breakage  dur ing 
prepara t ion .  Figure 2 shows a g rad ien t  of the  3000 g pel- 
let. There  is no appreciable  OAS-S ac t iv i ty  band ing  wi th  
the  mi tochondr ia l  and peroxisomal  marker  enzymes.  

In  the  gradients  bo th  of the  1000 g and 3000 g pellets, 
no OAS-S  ac t iv i ty  bands  w i t h  the  broken  chloroplasts .  
Thus  we assume t h a t  the  OAS-S localized in the  chloro- 
p las ts  is no t  a thy lako id -bound ,  bu t  a soluble, s t romal  
enzyme.  

The values of Table 2, t aken  f rom a typica l  exper iment ,  
show t h a t  on a chlorophyl l  basis 20.39% of the  to ta l  
OAS-S ac t iv i ty  p resen t  in the  250 g crude ex t r ac t  are 

associated wi th  t he  in tac t  chloroplasts .  The rest  of the  
ac t iv i ty  is found in a non-par t i cu la te  form and m a y  be 
a t t r i b u t e d  to the  cy top lasm.  

Our results  are cons is ten t :  1. wi th  the  r epor ted  forma-  
t i o n  of cys te ine  in chloroplas ts  10-12,15; 2. the  proposed  
localization of the  OAS-S in the  cy top la sm 7-9 and 3. the  
results  f rom l ight - induced chloroplas t  deve lopmen t  ex- 
pe r imen t s  wi th  Euglena which  indicate  t h a t  OAS-S is 
no t  exclusively or p r e d o m i n a n t l y  in the  ckloroplas ts  2~ 
In  con t r a s t  to  Euglena however ,  Spinach leaves have  no t  
appreciable  amo u n t s  of OAS-S ac t iv i ty  band ing  wi th  
mi tochondr i a  20. 

The reason for the  exclusive cy top lasmic  localization 
of OAS-S by  o the r  workers  ~-9 m a y  be due to difficulties 
in the  es t imat ion  of the  OAS-S con ten t s  of chloroplasts .  

14 t3. J..MIFLIN and H. BEEVERS, Plant PhysioI. 53, 870 (1974). 
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Summary. Lanth ion ine  was able to par t ia l ly  spare  the  d ie t a ry  meth ion ine  r equ i r emen t  of Argyrotaenia velutinana 
(W~alker) larvae bu t  the  spar ing of me th ion ine  by  lan th ionine  was no t  as efficient as cysteine.  Par t ia l  spar ing of d ie ta ry  
meth ion ine  by  lanthionine,  a n o n - m e m b e r  of the  cys ta th ion ine  pa thway ,  indica ted  the  possibi l i ty  of su lphur  amino 
acid me tabo l i sm by  routes  o ther  t h a n  the  cys ta th ion ine  pa thway .  

The sulphur  amino acid me th ion ine  is required in the  
die t  of a lmost  all insects  s tud ied  and canno t  usual ly be 
replaced by  o ther  su lphur  amino  acids a. Nut r i t iona l  in- 
ves t iga t ions  on Argyrotaenia velutinana (Walker) have  
shown t h a t  me th ion ine  is essent iaD bu t  t h a t  approxi -  
ma te ly  75% of meth ion ine  r equ i r emen t  couid be spared 
by  cyst(e)ine 5 or o ther  m e m b e r s  of t he  cys ta th ion ine  
p a t h w a y  (cys ta th ionine  and homocys te ine)  6. Lanth ionine ,  
a n o n - m e m b e r  of the  cys ta th ion ine  p a t h w a y  has been 
found to spare  the  d ie t a ry  cyst(eine) r equ i remen t  of r a t sL  
Lan th ion ine  has been isolated f rom the  acid hydro lysa te  
of locust  wing muscle s, and the  h a e m o l y m p h  of Bombyx 
mort s, 10 and d ntheraea pernyi 9. The p resen t  inves t iga t ion  
was under t aken  to inves t iga te  the  possibi l i ty  of par t ia l  
spar ing of d ie ta ry  meth ion ine  b y  lanthionine ,  a non- 
m e m b e r  of cys ta th ion ine  p a t h w a y  in A. velutinana larvae. 

The compos i t ion  of the  contro l  diet  conta in ing  17 
amino acids, in which meth ion ine  a t  100 mg/100 g diet  
was the  only su lphur  amino acid, was similar to t h a t  de- 
scr ibed by  SHARMA et al. 6. In  the  cys te ine  supp lemen ted  
die t  241 mg/100 g die t  of cyste ine was  provided  to supple-  
m e n t  app rox im a te ly  75% d i e t a iy  meth ion ine  require-  

merit. The sulphur  level was kep t  cons t an t  in all diets,  
and the  a m o u n t  of supp lemen ted  lan th ionine  provided  
the  q u a n t i t y  of su lphur  p resen t  in 241 mg cysteine.  The 
non avai labi l i ty  of L-isomer necess i ta ted  the  use of DL- 
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