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m o n o l a y e r  cu l tu res  of T u W i  cell line, a n d  in sect ions  a n d  
i m p r i n t s  of t he  solid t u m o r  der ived  f rom th i s  line. All  
cu l tu red  t u m o r  cells showed  a h igh  degree of e n z y m e  
ac t iv i ty ,  w i t h  ex tens ive  depos i t s  of r eac t ion  p r o d u c t  oc- 
cur r ing  in cells w i t h  mi tos i s  a n d  in  areas  of dense  cell 
g r o w t h  in  la te  cu l tu res  (Figure 2a).  T he  solid t u m o r  
p rov ided  a mass ive  a m o u n t  of u n i f o r m  t i ssue  r ich  in 
G G T P  (Figure 2b) a n d  i t  was  the re fo re  easy  to e x t r a c t  
f rom t h e  t u m o r  h o m o g e n a t e  suff ic ient  amoun t s ,  ap-  
p r o x i m a t e l y  65% of t o t a l  e n z y m e  ac t iv i ty ,  in to  a super-  
n a t a n t  f r ac t ion  (Table).  

The  p roposed  role of th i s  wide ly  d i s t r ibu ted ,  m e m b r a n e -  
associa ted  e n z y m e  as a t r ans locase  in amino  acid t r a n s -  
p o r t  15 a n d  i ts  a c c u m u l a t i o n  in var ious  t issue, n o t a b l y  t he  
k idneys ,  wh ich  are ac t ive ly  i nvo lved  in th i s  process,  
undescore  i t s  possible  s ignif icance in n e p h r o b l a s t o m a .  
F e t a l  a n d  a d u l t  k idneys  show h igh  concen t r a t i ons  of 
G G T P  in t h e  b r u s h  borders  of p r o x i m a l  convo lu t ed  
tubu le s  ~. The  presence  of th i s  e n z y m e  in severa l  r ena l  
t umors ,  as r epo r t ed  b y  ALBERT et  al.~L and  s ho r t l y  
t h e r e a f t e r  also descr ibed  in W i l m ' s  t u m o r  (nephroblas -  
toma)  is, h a s  been  a d v a n c e d  as ev idence  for t h e i r  or igin 
in  ceils of t he  p r o x i m a l  tubules .  

As G G T P  has  been  shown  to  express  t issue-specif ic  
i soenzyme forms  19, a n d  to  be  p r e s e n t  in  t he  s e r u m  ele- 
v a t e d  levels du r ing  ce r t a in  s tages  of some m a l i g n a n t  
d isorders  20-~, we also m a d e  a t t e m p t s  in  these  two direc- 
t ions .  R e p e a t e d  e x a m i n a t i o n s  us ing  cellogel s t r ip  electro-  
phores is  t e c h n i q u e  showed  t h a t  e n z y m e  e x t r a c t e d  f rom 
the  n e p h r o b l a s t o m a  h a d  a m o b i h t y  c o m p a r a b l e  to  t h a t  
G G T P  der ived  f rom n o r m a l  fe ta l  a n d  a d u l t  h u m a n  
kidney,  b u t  s lower t h a n  t h a t  of t h e  e n z y m e  f rom fe ta l  
l iver  (Figure 3). As a control ,  k i d n e y  a n d  panc reas  t i ssue  
e x t r a c t s  f rom t h e  h o s t  of t he  t u m o r  ( the t u m o r b e a r i n g  

mouse)  were used. Here  aga in  t he  t u m o r  t i ssue  e x t r a c t  
showed  mob i l i t y  iden t i ca l  w i t h  t h a t  of t he  k i d n e y  a n d  
d i f fe ren t  f rom t h a t  of t h e  p a n c r e a t i c  enzyme.  A d u l t  
mouse  l iver  d id  n o t  show a n y  G G T P  a c t i v i t y  ~4, 29. 

P r e l i m i n a r y  e x a m i n a t i o n s  of G G T P  a c t i v i t y  in t h e  
s e r u m  of n e p h r o b l a s t o m a - b e a r i n g  mice  showed  a c t i v i t y  
4 days  before  surgical  r e m o v a l  of t h e  3-week-old t u m o r  
a n d  on  t he  d a y  of r e m o v a l  a n  ave rage  of 15 IU/1. 3 a n d  
7 days  a f t e r  t u m o r  resec t ion  e i the r  no  e n z y m e  a c t i v i t y  
or t r aces  on ly  could  be  found  in t h e  serum.  Since t h e  
s e rum level  of G G T P  in t u m o r - b e a r i n g  mice was qu i t e  
r e m a r k a b l y  e l eva t ed  over  t h a t  f ound  in con t ro l  mice  be-  
fore t h e  t u m o r  i m p l a n t a t i o n ,  a n d  in i t ia l  e x p e r i m e n t s  
showed  t h a t  these  va lues  r e t u r n e d  to  n o r m a l  fol lowing 
surgical  resect ion,  th i s  sugges ted  t h a t  se rum G G T P  
o r ig ina t ed  in t h e  t u m o r .  Whi l e  t h e  t u m o r  is e n c a p s u l a t e d  
a n d  n o t  invas ive ,  i ts  ex tens ive  pe r iphe ra l  va scu l a r i za t i on  
m a y  p e r m i t  r e a d y  access of t u m o r - d e r i v e d  subs tances  
in to  t he  c i rcula t ion .  I t  r e m a i n s  unc lea r  w h e t h e r  t h e  
e n z y m e  is ac t ive ly  secre ted  or  is re leased u p o n  necro t ic  
de s t ruc t i on  of t u m o r  t issue.  
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Summary.  I so tope  c o m p e t i t i o n  e x p e r i m e n t s  w i t h  Lemna minor L. i nd i ca t e  t h a t  SOs-sulfur  en t e r s  t h e  su l fur  a m i n o  
acids of t he  p ro t e in s  a n d  t h e  su l foquinovose  of t he  sulfolipids fol lowing ox ida t i on  to SO42- a n d  s u b s e q u e n t  reduc t ion .  

P l a n t s  t ake  u p  a g r ea t  a m o u n t  of sul fur  dioxide,  a n  
a t m o s p h e r i c  p o l l u t a n t  wh ich  is m a i n l y  p roduced  b y  
b u r n i n g  of fossil fuels 8. Thus ,  p l a n t s  c an  p l ay  a s ign i f ican t  
role ill r educ t ion  of t h e  c o n c e n t r a t i o n  of a toxic  gas;  a t  
t he  same  t i m e  t h e y  can  sa t i s fy  a t  leas t  p a r t  of t h e i r  
su l fur  r equ i r emen t s ,  unless  t he  c o n c e n t r a t i o n  of SO S is so 
h i g h  t h a t  t h e y  are  d a m a g e d  or  kil led 4. I n  p lan t s ,  t he  
abso rbed  SO s occurs  p r e d o m i n a n t l y  in  t h e  fo rm of SO~ ~- ~. 
I n  v i t ro  s tud ies  w i t h  p l a n t  e x t r a c t s  h a v e  d e m o n s t r a t e d  
t h a t  SOs 2- c an  e i t he r  be  oxidized to  SO42- 5, e or reduced  
to  H~S 7-0. If, in  vivo,  t he  a b s o r b e d  SO s is oxidized, t h e  
sul fur  is me tabo l i zed  as sulfate,  t he  n o r m a l  sul fur  source 
of p l a n t s  1~ If  t he  SO s is reduced,  t he  sulfide could be  
used d i rec t ly  for f o r m a t i o n  of cys te ine  1~ in a r eac t ion  
wh ich  is q u a n t i t a t i v e l y  t h e  m o s t  i m p o r t a n t  s tep  for sulfur  
incorporation into organic c o m p o u n d s  l~ Another impor- 
tant reaction, in which SO~ "- could be used without prior 
reduction or oxidation, is the formation of 6-sulfoquino- 
vose found ill the sulfolipids of plants 12. 

The results reported here show to what extent the 
systems for reduction and oxidation of SO3 2-, which have 
been demonstrated in vitro, may he significant in vivo 
in the duckweed Lemna minor L. and how far SO S is used 
directly for the formation of sulfolipids. 

I n  t h e  F igure  resu l t s  of a n  i so tope  c o m p e t i t i o n  exper i -  
m e n t  are p r e sen t ed  in wh ich  duckweed  was c u l t i v a t e d  ill 
a n  a t m o s p h e r e  w i t h  0.3 p p m  SO s on  a n u t r i e n t  so lu t ion  
c o n t a i n i n g  ~5SO4 ~-. The  specific ac t iv i t i e s  of t h e  sul fur  
in  t he  sulfate,  t he  pro te ins ,  a n d  t h e  sulfolipids,  r eached  
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Table I. Specific growth rate, sulfate content, and specific activities of the sulfur in sulfate, proteins, and sulfolipids of Lemna minor after 
10 days with 0,6 ppm SO 2 and different ~SO~--coneentra t ions  in the nutr ient  solution 

SO42- in nutr ient  Specific growth Sulfate content  
solution (M) rate �9 (txg/mg dry weight 

of tissue) u 

Specific activity(dpm/[xgS) 

S04 ~- b Proteins ~ Saflfolipidsb 

7.5 x 10 -~ 0.40 4.1 q- 0.38 2,916 4- 145 2,724 4- 203 3,030 =L 204 
10 -~ 0.42 4.4 -t- 0.29 4,175 4- 250 3,914 4- 162 4,258 -4- 242 

2.5 • 10 -~ 0.42 4.6 ~ 0.40 1,858 -4- 182 1,683 4- 94 2,064 4- 143 
5 x 10 -~ 0.41 4.0 4- 0.31 2,565 ~ 165 2,666 4- 177 2,703 ~ 201 
2.5• 10 -~ 0.40 5.8 ~ 0.42 723 4- 38 853 4- 59 775 4- 48 

Growth was measured by counting the total number  of fronds on the 4th, and  the 7th day of the experiment and the specific growth rate 
~x in fronds per day was calculated, bAverage and s tandard error of 4 estimations. 

Table II. Suliite reducing system extracted from Lemna minor 

Reaction mixture H2~5S produced 
(nmoles �9 rain -1 �9  protein -~) b 

Complete ~ 0.55 
ComPlete minus extract  from 

Lemna minor 0.03 
Complete with boiled extract 0.02 
Complete with SO, 2- i n s t ead  

of SOs 2- not  detectable 

�9 The complete reaction mixture contained in a total volume of 3 ml : 
tris-HC1, pH 8.0, 250 ~tmoles; MgC12, 10 [xmoles; ferredoxin from 
spinach, 0.041 {xmoles; 3~SO~2-, 0.5 txmoles (336,000 cpm); NADP, 
0.2 ~tmoles; glueose-6-phosphate, 5 {zmoles; glucose-6-phosphate 
dehydrogenase, 0.5 units;  ferredoxin-NADP-reduetase, 0.4 mg; 
extract  from Lemna minor with 1.3 mg proteins according to ELLIS ~6. 
b Determined according to SCHMIDT 1~. 
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Specific activity of ass in sulfate of nutr ient  solution (SN) and  in 
sulfate (S), proteins (P), and sulfolipids (L) in Lemna minor cultivated 
with 8.8 • 10 r M 3sSOa 2- in ENOa 13 and 0.3 ppm SO S. 
The sulfur was determined according to JOHNSON and NISHITA 14. 
The sulfolipids were extracted using FGLCI~'S 1~ method. The SO s- 
concentration was produced with a permeation tube (Metronics 
Associates Inc.). (SOn 2- = sulfate content  in mg �9 g dry weight -1 
of tissue). 

t h e  s a m e  c o n s t a n t  v a l u e .  T h u s ,  we  c o n c l u d e  t h a t  SO S - 
s u l f u r  e n t e r s  t h e  s u l f u r  a m i n o  a c i d s  o f  t h e  p r o t e i n s  a n d  
t h e  s u l f o q u i n o v o s e  o f  t h e  s u l f o l i p i d s  f o l l o w i n g  o x i d a t i o n  
t o  SO~ ~- a n d  s u b s e q u e n t  r e d u c t i o n ;  for  if S O s - s u l f u r  is 
i n c o r p o r a t e d  d i r e c t l y  t o  a s i g n i f i c a n t  e x t e n t ,  t h e  spec i f i c  
a c t i v i t i e s  of  t h e  s u l f o l i p i d s  a n d  t h e  p r o t e i n s  w o u l d  b e  
l o w e r  t h a n  t h a t  of  s u l f a t e .  

T h e  spec i f i c  a c t i v i t y  of  t h e  s u l f a t e  in  t h e  p l a n t  m a t e r i a l  
w a s  a b o u t  5 0 %  of  t h a t  of  t h e  s u l f a t e  of  t h e  n u t r i e n t  
s o l u t i o n ,  i n d i c a t i n g  t h a t  o x i d i z e d  SO S d i l u t e d  t h e  cell  
s u l f a t e  pool .  T h e  f l u c t u a t i o n s  o f  t h e  spec i f i c  a c t i v i t y  of  
t h e  n u t r i e n t  s o l u t i o n  is d u e  t o  t h e  a b s o r p t i o n  o f  SOs,  i t s  
r a p i d  o x i d a t i o n  t o  SO4 ~- a n d  t h e  d a i l y  r e n e w a l .  

D u e  t o  t h e  u p t a k e  o f  SO  S a n d  i t s  o x i d a t i o n ,  t h e  s u l f a t e  
c o n t e n t  in t h e  p l a n t  m a t e r i a l  i n c r e a s e d  t o  a c o n s t a n t  
v a l u e  a f t e r  a b o u t  4 d a y s .  

T h e  r e s u l t s  in  T a b l e  I ,  t a k e n  f r o m  a s i m i l a r  i s o t o p e  
c o m p e t i t i o n  e x p e r i m e n t ,  c o n f i r m  t h o s e  of  t h e  F i g u r e ;  
a f t e r  10 d a y s  w i t h  a5SO4~- a n d  SO S t h e r e  w a s  a g a i n  n o  
s i g n i f i c a n t  d i f f e r e n c e  in  t h e  spec i f i c  a c t i v i t i e s  of  t i l e  s u l f u r  
o f  s u l f a t e ,  p r o t e i n s  a n d  sn l fo l i p id s ,  a l t h o u g h  t h e  SO S- 
c o n c e n t r a t i o n  w a s  r a i s e d  f r o m  0.3 t o  0.6 p p m  a n d  v a r i o u s  
s u l f a t e  c o n c e n t r a t i o n s  in  t h e  n u t r i e n t  s o l u t i o n  w e r e  u s e d .  
So, a s  p r e v i o u s l y  s h o w n ,  o n l y  a n  i n s i g n i f i c a n t  a m o u n t ,  
if a n y ,  of  SO s w a s  d i r e c t l y  a s s i m i l a t e d  as  su l f i t e .  T h e  
spec i f i c  g r o w t h  r a t e s  we re  n o t  l ower  t h a n  t h o s e  of  d u c k -  
w e e d  c u l t i v a t e d  w i t h o u t  SO~lS; i n d i c a t i n g  t h a t  0.6 p p m  
SO S a p p a r e n t l y  d o e s  n o t  a f f e c t  i m p o r t a n t  m e t a b o l i c  
p r o c e s s e s  i n  L e m n a  m i n o r .  

T h e  i n a b i l i t y  for  t h e  d i r e c t  i n c o r p o r a t i o n  o f  s i g n i f i c a n t  
a m o u n t s  of  a t m o s p h e r i c  SO S i n t o  s u l f u r  a m i n o  a c i d s  
c o u l d  be  d u e  t o  a l a c k  o f  s u l f i t e  r e d u c t a s e  in  d u c k w e e d .  
T a b l e  I I  s h o w s  t h a t  t h e r e  is  a s y s t e m  w h i c h  c a n  r e d u c e  
SOn 2- t o  su l f ide .  B u t  t h e  r e s u l t s  p r e s e n t e d  in  T a b l e  I a n d  
in t i l e  F i g u r e  s u g g e s t  t h a t  t h i s  s y s t e m  p r o b a b l y  d o e s  n o t  
p l a y  a s i g n i f i c a n t  ro le  in  v i v o  a l o n g  w i t h  t h e  s u l f i t e  ox id i -  
z i n g  s y s t e m s .  T h e s e  s y s t e m s ,  w h i c h  o x i d i z e  SO S v e r y  
e f f e c t i v e l y ,  c o u l d  be  t h e  r e a s o n  for  t h e  r e s i s t a n c e  of  
d u c k w e e d  t o  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  SO  v 
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