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Summary. Glyoxalase  I b o u n d  to Sepharose  4B was used for syn thes i s  of S - lac toy l -g lu ta th ione .  The  b o u n d  e n z y m e  
does no t  lose i ts  a c t i v i t y  du r ing  severa l  m o n t h s  s to r ing  and  can  be  used m a n y  t imes  for syn thes i s  of S- lac toyl -g lu ta-  
th ione .  This  r eac t ion  p r o d u c t  can  be used as a s u b s t r a t e  for g lyoxalase  I I  w i t h o u t  a n y  f u r t h e r  pur i f ica t ion.  

RACKER s and  WIELAND et  al. a r epo r t ed  m e t h o d s  for 
o b t a i n i n g  S - l ac toy l -g lu ta th ione  as a s u b s t r a t e  for gly- 
oxalase  I I .  The  s u b s t r a t e  is p r epa red  f rom g l u t a t h i o n e  
and  m e t h y l g l y o x a l  b y  e n z y m a t i c  syn thes i s  w i t h  gly- 
oxa lase  I. The. m e t h o d s  are t r oub l e s om e  to ca r ry  out ,  and  
in add i t i on  t he  p ro t e i n  of g lyoxalase  I requi res  s epa ra t i on  
a n d  so c a n n o t  be used for f u r t he r  synthes is .  

This  pape r  descr ibes  the  cond i t ions  for b i nd i ng  gly- 
oxa lase  I to  t he  organic  bed  of sepharose  4B and  also 
some proper t i e s  of the  b o u n d  enzyme.  The  use of t he  a t -  
t a c h e d  enzyme  for syn thes i s  of S - l ac toy l -g lu ta th ione  is 
descr ibed.  This  m e t h o d  has  p roved  of g rea t  p rac t i ca l  
value,  since the  enzyme  can  syn thes ize  a large n u m b e r  
of S - l ac toy l -g lu ta th ione  samples  for a long t ime  a n d  
w i t h o u t  a n y  loss of ac t iv i ty .  W h e n  e n z y m a t i c a l l y  syn-  
thes ized,  S - l ac toy l -g lu ta th ione  is free of those  impur i t i e s  
wh ich  m i g h t  inf luence t he  glyoxalase  I I  react ion.  

Materials and methods. Y e a s t  g lyoxalase  I was  pur -  
chased  f rom Sigma (St. Louis,  USA).  G l u t a t h i o n e  was 
f rom Merck ( D a r m s t a d t ,  W e s t  Ge rmany) .  Sepharose  4B 
C N B r  was ob t a ined  f rom P h a r m a c i a  F ine  Chemicals  
(Uppsala ,  Sweden).  L ive r  g lyoxalase  I and  l iver  g lyoxa-  
Iase I I  were o b t a i n e d  b y  molecu la r  f i l t r a t ion  of bov ine  
l iver  h o m o g e n a t e s  (JERzYKOWSKI et  al.a). Me thy lg lyoxa l  
was o b t a i n e d  b y  d i s t i l l a t ion  of g lyce ra ldehyde  as de- 
scr ibed b y  PATTERSON a n d  LAZAROW 5. Me thy lg lyoxa l  
c o n c e n t r a t i o n  in d is t i l la tes  was  d e t e r m i n e d  b y  t he  FRIE- 
D]gMANN m e t h o d  6. 

All  o the r  r eagen t s  were of a n a l y t i c a l  pu r i ty .  Glyoxa-  
lase I, Glyoxalase  I I  and  S - l ac toy l -g ln t a th ione  were 
d e t e r m i n e d  b y  t he  s p e c t r o p h o t o m e t r i c  m e t h o d  of 
R A C K E R  s, if no t  o therwise  specified in t he  t ex t .  S- lactoyl-  
g l u t a t h i o n e  was d e t e r m i n e d  spec t ropho tome t r i ca l l y ,  t he  
e x t i n c t i o n  be ing  m e a s u r e d  a t  240 nm.  (eM = 3370). U n i t s  
of e n z y m e  a c t i v i t y  were expressed  as ~xmoles of S- lactoyl-  
g l u t a t h i o n e  p roduced  (G1. I) or decomposed  (G1. II)  in 
1 m i n  ( ini t ia l  veloci ty)  a t  r oom t e m p e r a t u r e  u n d e r  the  
e x p e r i m e n t a l  cond i t ions  used. 

Preparation o/ the attached enzyme samples. 1 g Sepha-  
rose 4B CNBr  was swollen and  washed  w i t h  200 ml  
0.01 M HC1 and  t h e n  f i l tered.  Af te r  wash ing  w i t h  water ,  
i t  was  suspended  in 5 ml  of 0.1 M sod ium b i c a r b o n a t e .  
A l t e r n a t i v e l y  0.06 M p h o s p h a t e  buf fe r  p H  6.8 could be 
used ins t ead  of 0.1 M N a H C O  a - w i t h o u t  in f luenc ing  t he  
f ina l  enzyme  a c t i v i t y  yield.  Glyoxalase  I (Sigma) in a 
q u a n t i t y  of a b o u t  20 I U  was t h e n  added  to the  suspension.  
The  m i x t u r e  was r o t a t e d  end-ove r -end  for 2 h a t  room 
t e m p e r a t u r e .  Dur ing  incuba t ion ,  s u p e r n a t a n t  so lu t ion  
samples  were t a k e n  a n d  g lyoxalase  I a c t i v i t y  was deter -  
mined .  I n  the  same  w ay  b o v i n e  g lyoxalase  I ( f ract ions  
w i t h  t he  m a x i m u m  a c t i v i t y  o b t a i n e d  b y  molecu la r  f i l t ra-  
t i on  in t he  0.066 M p h o s p h a t e  buf fe r  ~) was  mixed  di- 
r ec t ly  w i t h  t he  washed  gel in  the  p r o p o r t i o n  1 g of gel + 
12 ml  of g lyoxalase  I so lu t ion  - e l u a n t  f rom t h e  co lumn.  
U n b o u n d  m a t e r i a l  was  w a s h e d  a w a y  w i t h  coupl ing  buf-  
fer, a n d  a n y  r e m a i n i n g  ac t ive  groups  are r eac ted  w i t h  
1 M e t h a n o l a m i n e  a t  p H  8 for 1.5 h. 3 wash ing  cycles 
were used to r emove  n o n - c o v a l e n t l y  adso rbed  pro te in ,  

each  cycle cons i s t ing  of a wash  a t  p H  4 (0.1 M ace t a t e  
buffer  c o n t a i n i n g  1 M NaC1) followed b y  a wash  a t  p H  8 
(0.1 M b o r a t e  buffer  c o n t a i n i n g  1 M NaCI). 

Determination o/ the activity of glyoxalase I bound to 
Sepharose 413. A c t i v i t y  of t he  e n z y m e  which  h a d  been  
b o u n d  to  sepharose  4B was d e t e r m i n e d  in the  fol lowing 
way :  t he  suspens ion  of a b o u t  2 mg  of b o u n d  e n z y m e  in 
0.1 ml  H 2 0  was added  to s p e c t r o p h o t o m e t r i c  c u v e t t e  
which  c o n t a i n e d  1,7 b~mol of g lu ta th ione ,  2.4 ~xmol of 
m e t h y l g l y o x a l  and  0.15 M p h o s p h a t e  buffer  p H  6.8 to  
m a k e  a f ina l  vo lume  of 3 ml  ( l ight p a t h  1 cm). The  gel 
r ap id ly  fall  to  t he  b o t t o m  of t he  cuve t t e .  E n z y m e  a c t i v i t y  
was ca lcu la ted  f rom t h e  increase  of ex t inc t i on  a t  240 n m  
dur ing  t he  f i rs t  5 rain. I n  t he  cond i t ions  of p r e p a r a t i o n  
descr ibed,  t he  specific a c t i v i t y  of the  b o u n d  e n z y m e  was 
a b o u t  10% of t h a t  of t he  free e n z y m e  i.e. 2 I U  pe r  g of 
Sepharose.  

Stability o/the preparation. Stored  a t  room t e m p e r a t u r e ,  
t he  a t t a c h e d  enzyme  d id  no t  lose i t s  a c t i v i t y  for severa l  
mon ths .  Dr ied  w i th  acetone,  i t  r e t a ined  75% of t he  
in i t ia l  a c t i v i t y  for up  to ha l f  a year.  

Obtaining S-lactoyl-glutathione as a substrate /or glyoxa- 
lase [I .  12 m g  of g l u t a t h i o n e  and  2.8 mg  of m e t h y l g l y o x a l  
dissolved in 0.05 M p h o s p h a t e  buf fe r  p H  6.8 were added  
to t he  suspens ion  of 500 nag of insoluble  e n z y m e  (final 
vo lume  3 ml). The  suspens ion  was left  un t i l  a sample  
d i lu t ed :  0.1 ml  + 2.9 ml  of p h o s p h a t e  buffer  p H  6.8 or 
Tris buf fe r  p H  7.4 showed  e x t i n c t i o n  1.3 a t  240 nm.  
Reac t i on  t i m e  depended  u p o n  t he  insoluble  e n z y m e  
a c t i v i t y  a n d  took  2 5 h. 0.1 ml  und i lu t ed  S- lactoyl-  
g l u t a t h i o n e  is enough  for  1 d e t e r m i n a t i o n  of g lyoxalase  I I  
b y  t he  s p e c t r o p h o t o m e t r i c  m e t h o d  of RACKt~R 2. Resu l t s  
h a v e  s h o w n  t h a t  S - l ac toy l -g lu ta th ione  in so lu t ion  ob- 
t a i n e d  b y  t h i s  m e t h o d  r ema ins  s tab le  for a t  leas t  2 m o n t h s  
a t  t e m p e r a t u r e  4~ 

Discussion. I m m o b i l i z a t i o n  of the  enzyme to  a solid 
phase  m a t r i x  offers a n u m b e r  of a d v a n t a g e s  for p r ac t i c a l  
appl ica t ions .  I n  m a n y  cases, i t  gives sa t i s fac to ry  resu l t s  
as far  as s t a b i l i t y  of t he  e n z y m e  is concerned.  The  b o u n d  
glyoxalase  r ema ins  ac t ive  for a long t ime  when  s tored  a t  
r oom t e m p e r a t u r e ,  as we h a v e  obse rved  over  a per iod  of 
severa l  m o n t h s .  A smal l  q u a n t i t y  of immobi l i zed  g lyoxa-  
lase I is easy  to  o b t a i n  in t he  l a b o r a t o r y  b y  the  m e t h o d  
descr ibed.  One sample  of t he  e n z y m e  can  be  used m a n y  
t imes  for S - l ac toy l -g lu ta th ione  synthes is ,  wh ich  p rov ides  
c o n v e n i e n t  cond i t ions  for o b t a i n i n g  th i s  c o m p o u n d  as a 
s u b s t r a t e  for g lyoxalase  I I .  
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Summary. T h e  D N A  s y n t h e t i c  a c t i v i t y  o f  n u c l e i  i s o l a t e d  f r o m  a so l id  r a t  t u m o u r  w a s  d e t e r m i n e d .  T h e  n u c l e i  h a d  
D N A  s y n t h e t i c  p r o p e r t i e s  s i m i l a r  t o  n u c l e i  f r o m  o t h e r  s o u r c e s  b u t  t h e  t i m e  c o u r s e  of t h e  r e a c t i o n s  w a s  d i f f e r e n t .  

R e c e n t l y 1  6 m a n y  w o r k e r s  h a v e  s h o w n  t h a t  n u c l e i  
i s o l a t e d  f r o m  m a m m a l i a n  cel ls  c o n t a i n  a D N A  s y n t h e s i z -  
i n g  s y s t e m  w h i c h  h a s  f e a t u r e s  in  c o m m o n  w i t h  t h a t  de -  
s c r i b e d  for  t h e  m e m b r a n e - D N A  f r a g m e n t s  o b t a i n e d  f r o m  
b a c t e r i a  7 -~ .  T h e s e  n u c l e i  u t i l i z i n g  e n d o g e n o u s  p o l y m e r -  
a s e s  a n d  c h r o m a t i n ,  a r e  c a p a b l e  of  t h e  c o n t i n u a t i o n  of  
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Fig. 1. The pattern of synthesis and degradatioB of new DNA as a 
function of time. Nuclei from rat  fibrosareoma R1Bso. 
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Fig. 2. Synthesis and degradation of new DNA by isolated nuclei. 
Final stages of isolation either through 1/5 TKM (A); or through 
2.3 M sucrose (Q). The counts have been corrected for differences in 
initial concentrations of nuclei from RIBso. 

D N A  a n d  IRNA 2 s y n t h e s i s  in  t h e  p r e s e n c e  of  a n  a d e q u a t e  
s u p p l y  of  p r e c u r s o r s .  E a r l i e r  w o r k e r s  (loc. cit)  h a v e  in-  
v e s t i g a t e d  t h e  D N A - s y n t h e t i c  p r o p e r t i e s  o f  n u c l e i  ob-  
t a i n e d  f r o m  a w i d e  r a n g e  of  m a m m a l i a n  cel ls  a n d  t h e r e  is 
c o n s i d e r a b l e  e v i d e n c e  t h a t  i t  is p o s s i b l e  t o  r e l a t e  t h e s e  
p r o p e r t i e s  to  t h e  s t a t u s  of  t h e  cells  f r o m  w h i c h  t h e  n u c l e i  
we re  d e r i v e d .  T h e  i s o l a t e d  n u c l e i  p r o v i d e  a s y s t e m  b y  
w h i c h  t h e  s y n t h e s i s  o f  m a c r o m o l e c u l e s  c a n  be  s t u d i e d  
m o r e  d i r e c t l y  t h a n  is p o s s i b l e  in  t h e  w h o l e  cell  s y s t e m .  
F o r  i n s t a n c e  t h e  e f f ec t  of  c y t o t o x i c  t r e a t m e n t s  o n  t h e  
n u c l e i  c a n  be  d e t e r m i n e d  w i t h o u t  t h e  i n v o l v e m e n t  of  t h e  
e f fec t  of  t h e  t r e a t m e n t  o n  t h e  c y t o p l a s m .  

To  o u r  k n o w l e d g e  cells  f r o m  sol id  n e o p l a s m s  h a v e  n o t  
b e e n  u s e d  as  a s o u r c e  of nuc le i .  W e  h a v e  in  o u r  l a b o r a t o r y  
a se r i e s  of  t r a n s p l a n t a b l e  r a t  t u m o u r s ,  of  w h i c h ,  t h e  
g ro s s  r e s p o n s e s  to  i o n i z i n g  r a d i a t i o n  h a v e  b e e n  s t u d i e d  
in  d e p t h  ~2 a n d  d i f f e r e n c e s  b e t w e e n  t h e s e  r e s p o n s e s ,  n o t  
y e t  f u l l y  u n d e r s t o o d ,  m a y  be  d u e  to  d i f f e r e n c e s  in  p o s t -  
i r r a d i a t i o n  m o d i f i c a t i o n s  of m a c r o m o l e c u l a r  s y n t h e s i s .  
I n  t h i s  p a p e r  we  p r e s e n t  t h e  r e s u l t s  of  e x p e r i m e n t s  de -  
s i g n e d  to  e s t a b l i s h  t h e  n a t u r e  of  t h e  D N A - s y n t h e t i c  r e a c -  
t i o n  in  n u c l e i  i s o l a t e d  f r o m  o n e  of t h e s e  r a t  t u m o u r s .  

Isolation o/ nuclei Item tumour tissues. T h e  f i b r e -  
s a r c o m a  R I B a e  w a s  e x c i s e d  f r o m  t h e  f l a n k s  of  a n  i n b r e d  
s t r a i n  o f  W i s t a r  r a t .  T h e y  we re  i m m e d i a t e l y  coo led  in  ice 
co ld  i s o t i n i c  s a l i ne  a n d  al l  s u b s e q u e n t  p r e p a r a t i v e  p r o c e -  
d u r e s  we re  a t  0~ T h e  t u m o u r  w e i g h i n g  2 - 3  g w a s  c u t  
i n t o  s m a l l  p i eces  a n d  r e d u c e d  t o  p u l p  b y  c o m p r e s s i o n  
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