
246 Speciatia ]~XPERIENTIA 26/3 

R e a c t i v i t y  o f  s o m e  T r a n s i t i o n  M e t a l s  on  N u c l e a r  

The  knowledge  of nuc l ea r  p ro t e in  b iosyn thes i s  is 
p rogress ive ly  i m p r o v i n g  1 9.Amino acids are i nco r po ra t ed  
in to  nuc l ea r  p ro t e in s  where  t h e y  are  found  in a genu ine  
chemica l  bond ing .  There fo re  pu re  adso rp t ive  effects m a y  
be  excluded.  Whi le  i t  appea r s  t h a t  in  fac t  a b io syn thes i s  
of p ro t e in s  or a t  l eas t  of pep t ides  occurs  in  t h e  nuclei ,  
o p t i m a l  cond i t ions  for  in  v i t ro  s tud ies  sti l l  need to  be  
e luc ida ted .  

W e  h a v e  des igned  a n  in v i t ro  sys t em e m p l o y i n g  enzy-  
ma t i ca l l y  ac t ive  whole  r a t  l iver  nuclei  l0 where  14C-amino. 
acids are  read i ly  inco rpora t ed .  The  as say  seems to be  inde-  
p e n d e n t  of added  nucleos ide  t r i p h o s p h a t e s  such  as A T P  a n d  
G T P  p h o s p h o e n o l p y r u v a t e  a n d  p y r u v a t e  kinase.  Mg++ 
c o n c e n t r a t i o n s  h ighe r  t h a n  1 m M  do no t  i m p r o v e  t h e  r a t e  
of a m i n o  acid incorpora t ion .  Low c o n c e n t r a t i o n s  of puro-  
mycin ,  c h l o r a m p h e n i c o l  a n d  a c t i n o m y c i n  h a v e  no effect, 
e i ther .  Th i s  suggests  t he  absence  of r ibosomal  c o n t a m i n a -  
t ions  of t h e  nuc lea r  m e m b r a n e  as well  as bac te r i a l  g rowth .  
However ,  nuc lea r  p r o t e i n  b iosyn thes i s  m a y  be  i n h i b i t e d  
if t r a n s i t i o n  m e t a l s  are  used which  are  s t rong ly  coor- 
d i n a t e d  to SH or S-S groups.  The  ave rage  rad ius  of t he  
m e t a l  ions is cons ide rab ly  smal le r  t h a n  t h a t  of t h e  an t i -  
b io t ic  molecules.  Th i s  enab les  t he  m e t a l  ions to  pass  t h e  
nuc lea r  m e m b r a n e  m u c h  be t t e r ,  a n d  t he  b lock ing  of a 
g rea t  n u m b e r  of b iochem i ca l  reac t ions ,  inc lud ing  nuc lea r  
p ro t e in  b iosyn thes i s ,  is to  be  expected .  Since some t r ans i -  
t i on  m e t a l s  are able  to  inf luence  t h e  r a t e  of 14C-amino 
acid i n c o r p o r a t i o n  in to  t h e  nuclei,  a c o m p a r a t i v e  s t u d y  
has  been  pe r fo rmed  e m p l o y i n g  Mn++, FeZ+ and  Cr 3+, 
wh ich  are  p r e f e r a b l y  c o o r d i n a t e d  to oxygen,  and  Hg  ++, 
wh ich  usua l ly  shows a g rea t  t e n d e n c y  to  r eac t  w i t h  
su lphur .  

Mater ials  and methods. R e c o n s t i t u t e d  14C-protein 
h y d r o l y s a t e  in 0 .01N HC1 (Lot  No. 6703) was o b t a i n e d  
t h r o u g h  Schwarz ,  O r a n g e b u r g  N.Y. HEPES (N-2-hydroxy-  
e t h y l p i p e r a z i n e - N ' - 2 - e t h a n e s u l p h o n i c  acid), a g rade  L o t  
No. 920012, was  p u r c h a s e d  f rom Calbiochem,  Los 
Angeles.  Sucrose,  specia l  e n z y m e  grade  L o t  No. U l 1 4 9  
f rom Mann ,  N.Y. H y d r o x i d e  of H y a m i n e  10-X, Lo t  No. 
1264 f rom Packa rd .  All  o t h e r  chemica l s  were of r e agen t  
g rade  qua l i ty .  

F e m a l e  a lb ino  ra t s  (Wistar)  w i t h  an  ave rage  we igh t  of 
150 g were used t h r o u g h o u t  t h i s  s tudy .  L ive r  nuclei  were 
i so la ted  a t  0 -4  ~ in sucrose so lu t ions  of d i f fe ren t  densi-  
t ies  11,12. The  nuc lea r  R N A / D N A  ra t io  was 0.25 :t: 0.01 as 
e s t i m a t e d  b y  t h e  p rocedures  of references  13 a n d  14 
P r o t e i n  was assayed  acco rd ing  to  t he  L o w r y  m e t h o d  15. 

I n c u b a t i o n s  were ca r r ied  ou t  a t  37 ~ in a vo lume  of 
1 ml.  I f  n o t  o the rwise  s ta ted ,  t h e  i n c u b a t i o n  m i x t u r e  
usua l ly  c o n t a i n e d :  nuc le i  (2-3 m g  of nuc lea r  p ro te in /ml ) ,  
sucrose (225 raM),  0.1 ~zC/ml of l~C-amino acids, phos-  
p h a t e  or Hepes  buf fe r  (20 m M )  p H  7.0, lVigC12 (10 m M ) ,  
NaC1 (50 m M )  and  KC1 (10 m M ) .  The  r eac t ion  was s topped  
b y  a d d i n g  1 ml  HC104 (10%) to  t he  assay  mix tu re .  The  
p rec ip i t a t e  was  w a s h e d  w i t h  t he  same  I-IC104 solut ion.  
Af te r  c en t r i f uga t i on  t h e  pe l le t  was  suspended  for 15 m i n  
in 3 ml  HC104 (5%) a t  90 ~ T he  non - hyd r o l yzed  p ro t e ins  
were washed  w i t h  e t h a n o l  (80%) dissolved in 0.5 ml  of 
H y a m i n e ,  and  sub jec t ed  to  r ad i oac t i ve  c o u n t i n g  as de- 
scr ibed e lsewhere  10. 

Results  and  discussion. T he  t i m e - d e p e n d e n t  1*C-amino 
acid i nco rpo ra t i on  of i so la ted  e n z y m a t i c a l l y  ac t ive  whole  
l iver  nucle i  is s u m m a r i z e d  in t he  Table.  Samples  which  h a v e  
been  k e p t  a t  i c e -ba th  t e m p e r a t u r e  t h r o u g h o u t  t he  exper i -  
m e n t  d id  no t  show a r a d i o a c t i v i t y  h ighe r  t h a n  50 c p m /  
m g  pro te in .  
The  r e a c t i v i t y  of t he  t r a n s i t i o n  me ta l s  H g  ++, Mn++, FeB+ 
and  Cr 3+ on  nuc lea r  p r o t e i n  b io syn thes i s  ha s  been  corn- 

P r o t e i n  B i o s y n t h e s i s  in  R a t  L i v e r  

p a r e d  a f t e r  a 30 min  incuba t ion .  The  resul t s  are p l o t t e d  
in t he  Figure .  
H g  ++, wh ich  is k n o w n  to fo rm e x t r e m e l y  s t ab le  complexes  
w i t h  su lphu r  a n d  n i t rogen  der iva t ives ,  reduces  t he  14C- 
a m i n o  acid i nco rpo ra t i on  d o w n  to  a b o u t  30% of t he  con- 
trol.  On t h e  o t h e r  hand ,  a 30% i n c o r p o r a t i o n  refers to  t h e  
i ce -ba th  va lue ;  or, in o the r  words,  t he  syn thes i s  of 
nuc lea r  p ro t e in s  can  be  r ega rded  as t o t a l l y  inh ib i ted .  I n  
no  case can  t h i s  be  a t t r i b u t e d  to  pu re  adso rp t ion  s ince 
Hg++ read i ly  forms complexes  w i t h  t he  ava i l ab le  a m i n o  
acids a n d  r a t h e r  an  increase  of 14C-uptake would be  ex- 
pected .  U n f o r t u n a t e l y ,  t he  mode  of i n h i b i t i o n  is u n k n o w n  ; 
t he  m e t a l  ion m a y  h a v e  reac ted  w i t h  t he  nuc lea r  m e m -  
brane ,  t h e  p ro t e in s  or w i t h  t he  polynucleotides1% The  
a d d i t i o n  of Fe  3+ and  Mn 2+ ind ica tes  a s l igh t  increase  in 
t he  u p t a k e  of 14C-amino acids b y  t h e  nuclei.  A r e m a r k a b l e  
s t i m u l a t i o n  can  be  obse rved  in presence  of Cr3+-ions. 
F i r s t  i t  was  t h o u g h t  t h a t  th i s  s t i m u l a t i o n  is an  a r t e f ac t  
due  to  t h e  adso rp t ion  of a m i n o  acids to  Cr(OH)3.nH~O. 
However ,  c h r o m i u m  h y d r o x i d e  will be  u n s t a b l e  d u r i n g  
t he  10~o and  5% HC10~ t r e a t m e n t  of t he  p r ec ip i t a t ed  
nuclei .  I n  a n o t h e r  e x p e r i m e n t  A13+-ions were employed  to 

Incorporation of 14C-amino acids in rat liver nuclei 

Time (min) 14C-incorporation 
(cpm/mg protein) 

0 50 
5 117 

10 125 
15 157 
20 153 
30 167 
40 200 
90 197 

120 210 
180 217 

1 ml of the incubation mixture contained: phosphate buffer, 20 
[xmoles, pH 7.0; MgCI,, 10 ~xmoles; NaC1, 50 [/.moles; KC1, 10 [xlnoles; 
sucrose, 225 [xlnoles; 0.1 ILC 14C-amino acids; nuclei (3.3 mg/nd of 
nuclear protein). 
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check poss ib ly  pure  a d s o r p t i v e  r eac t ions  of Al(OH)a 'nHzO,  
which  v e r y  m u c h  resembles  Cr(OH)a-nHzO in i ts  cha rac -  
ter is t ics .  No s t i m u l a t i o n  could be de tec ted .  The  14C- 
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14C-amino acid incorporation in rat liver nuclei ill presence of 
different transition metals. The incubation mixture was composed of: 
24 mM Hepes buffer, pH 7.0 (to avoid chelating with metal ions); 
10 mM MgC12; 0.1 ~tC 14C-amino acids; 225 mM sucrose; nuclei 
(3.0 nlg protein/nil) and different concentrations of Cr 3+, Fe a+, Mn 2+ 
and Hg 2+ added as the chloride compounds. 

a m i n o  acid i nco rpo ra t i on  r a t e  was  r a t h e r  d i m i n i s h e d  
fol lowing t h e  a d d i t i o n  of A13+-ions. F u r t h e r ,  t h e  c o u n t i n g  
eff ic iency did  n o t  change  w h e n  a c h r o m i u m - H y a m i n e  
complex  was added  to a k n o w n  a m o u n t  of ~C. 

Of course, th i s  b iochemica l  r e a c t i v i t y  of c h r o m i u m  ions 
is r a t h e r  un l ike ly  u n d e r  physio logica l  condi t ions .  On t he  
o t h e r  hand ,  i t  h a s  been  p o s t u l a t e d  t h a t  Cr 3+ should  be  
r ega rded  as a b iochemica l ly  ac t ive  a n d  essent ia l  m e t a l  
ion lL Final ly ,  t he  d i f fe ren t  chemica l  r e a c t i v i t y  of H g  ++ 
and  o t h e r  t r a n s i t i o n  m e t a l  ions should  be  e m p h a s i z e d  
again.  H g  ++, wh ich  is s t rong ly  coo rd ina t ed  to su lphur ,  
causes  a s t rong  i n h i b i t i o n  of t he  nuc lea r  p ro t e in  bio- 
synthes is ,  while  those  t r a n s i t i o n  me ta l s  wh ich  are  pre- 
f e rab ly  b o u n d  to  oxygen,  s t i m u l a t e  t he  ~4C-amino acid 
incorpora t ion .  W h e t h e r  or no t  th i s  co r re l a t ion  will be  of 
r e l evance  ha s  to  be  e luc ida ted .  

Zusammenfassung. An e n z y m a t i s c h  a k t i v e n  Leberzel l -  
k e r n e n  aus  R a t t e n  wurde  die Reakt iv i t~ i t  von  Hg  2+, 
Mn 2+, Fe 3+ und  Cr a+ auf  die nuk l ea r e  P r o t e i n b i o s y n t h e s e  
geprt i f t .  Hg2+-Ionen h e m m e n  den  14C-Aminos/iure- 
E i n b a u  volls t / indig,  w/~hrend Mn 2+ und  Fe  3+ eine schwache  
S t i m u l i e r u n g  ve ru r sachen .  Die 14C-Einbaurate  is t  n a c h  
Cra+-Zus/i tzen s t a r k  e rh6ht .  Es  k o n n t e  gezeigt  werden,  
dass  die Cr3+-St imul ie rung n i c h t  d u r c h  A d s o r p t i o n  zu 
e rk l~ren  ist. 
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Reparation at Increased Oxygen Supply 1 

The  increase  of the  oxygen  c o n c e n t r a t i o n  in the  b r e a t h -  
ing gas of t he  r a t  to  a b o u t  50% v / v  enhances  t he  tens i le  
s t r e n g t h  of t he  hea l ing  skin  w o u n d  b y  40% 2. An aug-  
mer i ted  syn thes i s  of col lagen in v i t ro  ha s  been  repor ted  
also as t h e  effect  of t he  increased  oxygen  in the  gas 
phase  a. This  effect  could no t  depend  en t i re ly  on t he  re- 
q u i r e m e n t  of oxygen  for t h e  h y d r o x y l a t i o n  of pro l ine  in 
protocol lagen,  because  the  /t" m is on ly  a b o u t  2.6% v / v  4. 
The  p r e s e n t  e x p e r i m e n t s  show t h a t  t he  increased  oxygen  
supp ly  affects  also c o m p o n e n t s  o the r  t h a n  col lagen in t he  
r egene ra t i ng  tissue. 

For  t he  expe r imen t s  w i th  3H-prol ine (Figure,  a and  b), 
4 viscose cel lulose-sponges (1 • 1 • 2 cm) were i m p l a n t e d  
s.c. in  t he  backs  of ma le  W i s t a r  r a t s  (weight  200 • 30 g). 
The  an ima l s  were closed in to  boxes  where  t h e y  b r e a t h e d  
e i the r  a i r  or 40% v / v  oxygen.  Af te r  10 days  t he  r a t s  were 
decap i t a t ed ,  samples  pooled f rom 4 sliced g r a n u l o m a s  and  
i n c u b a t e d  in 20 ml  of K r e b s - R i n g e r  p h o s p h a t e  m e d i u m  
wi th  22.4 m M  glucose. T he  gas phase  was e i the r  a i r  or 
40% v / v  oxygen.  Af te r  a p r e i n c u b a t i o n  per iod  of 30 ra in  
80 ~Ci of aH-prol ine  (The R a d i o c h e m i c a l  Centre,  Amers-  
ham,  E n g l a n d )  were added  and  t he  i n c u b a t i o n  c o n t i n u e d  
for 4 h. The  t i ssue  was w a s h e d  twice  w i t h  ice-cold w a t e r  
a f te r  s e p a r a t i n g  i t  f rom t h e  m e d i u m  b y  c e n t r i f u g a t i o n  a t  
0 ~ a n d  30,000 g for 10 min.  T he  m a t e r i a l  was  homoge-  
nized in water ,  h y d r o l y z e d  a n d  t h e  t o t a l  a c t i v i t y  and  rad io-  
a c t i v i t y  of h y d r o x y p r o l i n e  were d e t e r m i n e d  ~,6 us ing  
P a c k a r d  Tr i -Carb  3320 l iquid  sc in t i l l a t ion  s p e c t r o m e t e r  
(Packa rd  I n s t r u m e n t  C o m p a n y  Inc. ,  Downer s  Grove,  

Il l inois,  USA).  W h e n  aH-prol ine  was used as a label,  on ly  
3 - 1 0 %  of the  i n c o r p o r a t e d  aH was recovered  in ZH- 
hyd roxypro l ine .  Because  pro l ine  and  h y d r o x y p r o l i n e  
occur  in  col lagen in a p p r o x i m a t e l y  equa l  a m o u n t s ,  t h e  
r a d i o a c t i v i t y  of col lagen was accep ted  to  be  twice  t h a t  of 
hyd roxypro l ine .  The  r a d i o a c t i v i t y  of non-co l lagenous  
p ro t e in  was o b t a i n e d  b y  s u b t r a c t i n g  t he  3H-ac t iv i ty  of 
col lagen f rom the  t o t a l  3H-ac t iv i ty .  

The  e x p e r i m e n t s  w i t h  3H-cyt id ine  (Figure,  c) were 
p e r f o r m e d  ana logous ly  excep t  t h a t  30 ~tCi of t h e  p recurso r  
was  added.  The  i n c u b a t i o n  was s t opped  b y  t he  add i t i on  of 
cold perchlor ic  acid so lu t ion  to t he  f ina l  c o n c e n t r a t i o n  of 
0 .5N.  T h e  isola t ion  of R N A  was  based  on  hydro lys i s  in 
0 . 3 N  p o t a s s i u m  h y d r o x i d e  a t  + 37 ~ for 20 h a n d  subse-  
q u e n t  n e u t r a l i z a t i o n  a t  0 ~ w i t h  perchlor ic  acid wh ich  
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