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S t i m u l a t i o n  of  N u c l e a r  P r o t e i n  K i n a s e  A c t i v i t y  in  
3 , 5 , 3 ' - T r i i o d o - L - T h y r o n i n e  (Ts)  1 

Considerable evidence has accumula ted  recent ly  which 
suggests t h a t  the  ch roma t in  non-h i s tone  phosphopro te ins  
are involved in the  regula t ion of gene ac t iv i ty  2,3. The 
p h o s p h a t e  groups bound  to  these  pro te ins  have  been 
shown to t u r n  over  rapidly,  and the  phosphory la t ion  and 
dephosphory la f ion  react ions  are t h o u g h t  to induce an 
a l te ra t ion  in t he  conformat ion  of these  non-h i s tone  
prote ins ,  an a l te ra t ion  which,  in turn,  leads to changes  in 
the  s t ruc ture  and t emp la t e  ac t iv i ty  of the  ch roma t in  4,5. 

If  the  non-h i s tone  phosphopro te ins  do indeed p lay  a 
role in the  control  of gene expression,  a s t u d y  of the  
p ro te in  kinase ac t iv i ty  responsible  for the i r  phosphory la -  
t ion is i m p o r t a n t  in order  to u n d e r s t a n d  th is  process  in 
m a m m a l i a n  ceils. 

The p resen t  s t u d y  was designed to  inves t iga te  w h e t h e r  
the  s t imula ted  R N A  biosynthesis ,  induced in ra t  l iver by  
Ta admin i s t r a t ion  6, m a y  be re la ted  to  an increase of the  
p ro te in  kinase ac t iv i ty  associated to non-h i s tone  proteins.  
In  fact, i t  has  been demor is t ra ted  t h a t  the  c h r o m a t i n  
non-h i s tone  pro te in  p repara t ions  are endowed wi th  
kinase ac t iv i ty  and  are ac t ively  phosphory la t ed  wi thou t  
add i t ion  of exogenous enzyme 7, 8. 
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Effect of T 2 on the rate of phospborylation of liver non-bistone 
ehromatin protein (NHP) by the associated kinase activity. For the 
enzyme assays, the standard reaction mixture (1.0 ml), prepared 
according to TAKEDA et al. TM, contained 500 ~xg of NHP obtained from 
the liver of control rats (O) or of rats treated with T 2 for 2 consecu- 
tive days (0). The points represent the mean :~ SD of 12 experiments. 
Ill each experiment liver NHP pooled from 5 rats was used. 

Effect of T 3 administration on the phosphorylation of casein by 
NHP-associated protein kinase activity 

Days of No. of Rate of casein Increase Student's 
treatment experiments phosphorylatiou (%) t-test (p) 

- 10 262 -c 38 
1 5 330 4- 54 +25.9 < 0.01 
2 8 372 ::[= 83 +42.0 < 0.01 

The rate of phosphorylation is expressed as pmoles 32pi incorporated 
into casein/20 rain per mg of NHP isolated from the livers of control 
or T a treated rats and 800 ~xg of casein as substrate. The values are 
corrected for the incorporation of 22Pi into NHP and represent the 
mean =t= SD of the experiments. In each experiment, non-histone 
proteins pooled from 4 to 6 rats were used. 
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Rat  L iver  I n d u c e d  b y  th e  A d m i n i s t r a t i o n  of  

2VIaterials and methods. Thyro idec tomized  male Wis t a r  
rats,  140 to 180 g, were used 4 weeks pos topera t ive ly .  T 3 
(Merck A.G., D a r m s t a d L  Germany)  was in jec ted  i.p. 
wi th  single dai ly doses of 30 ~g/100 g body  wL for 1 or 
2 consecut ive  days.  The ra ts  were killed 18 h af ter  the  last  
in ject ion of the  hormone.  All animals  were fasted overn igh t  
pr ior  to  sacrifice. 

Liver  non-h i s tone  prote ins  were isolated by  the  m e t h o d  
of WANGg. This consis ted of dialyzing the  1 M NaC1 nu-  
clear ex t r ac t  agains t  wa te r  to  015 M wi th  respect  to  
NaC1. By this  method ,  DNA-  his tone  prec ip i ta ted  while 
the  non-h is tone  prote ins  remained  in the  s u p e r n a t a n t  
fract ion.  The di lute non-historic  p ro te in  solut ions were 
concen t ra ted  in the  cold by  d e h y d r a t i n g  in dialysis tub ing  
covered wi th  po lye thy lene  glycol. Al iquots  of th is  f rac t ion 
were used for pro te in  kinase de t e rmina t i on  according to 
TAIZEDA et  al. ~~ ATP-y-a2P (250,000 cpm/nmole ;  the  
Radiochemica l  Centre,  Amersham,  England)  as phospho-  
ryl  donor,  and  casein (Sigma Chemical  Co. Ltd. ,  St. Louis, 
~ O ,  USA) as subs t ra te ,  were util ized. The reac t ion  was 
t e r m i n a t e d  and the  p ro t e in -bound  32p was e s t ima ted  by  
the  m e t h o d  B of REIMANN et a l . n .  P ro te ins  were de- 
t e rmined  by  the  t echn ique  of LOWRy et al. 1~. 

Results  and discussion. The Figure  i l lus t ra tes  t he  
incorpora t ion  of 3~p f rom ATP-v-a2P into non-h i s tone  
pro te in  fract ions ob ta ined  f rom contro l  and T 3 t r ea ted  ra t  
l ivers w i thou t  addi t ion  of exogenous enzyme.  As can be 
seen, this  pro te in  kinase ac t iv i ty  is s ignif icant ly  s t imula ted  
in l iver p repara t ions  f rom thy ro idec tomized  ra ts  t r ea ted  
wi th  T a for 2 consecut ive  days.  

Addi t iona l  evidence for the  increase in p ro te in  kinase 
ac t iv i ty  induced by  T a admin i s t r a t i on  was ob ta ined  in the  
assays wi th  added  casein which  was rout ine ly  employed  
as a model  subs t ra te .  The results  p resen ted  in the  Table  
demons t r a t e  t h a t  t he  phosphory la t ion  of casein is s t im-  
ula ted by  25.9% and  42.0% in liver p repara t ions  f rom 
animals  t r e a t ed  wi th  T a for 1 and  2 consecut ive  days,  
respect ively.  

In  ano the r  set  of expe r imen t s  no t  r epor ted  here, it  was 
shown t h a t  t he  p ro te in  kinase ac t iv i ty  associated wi th  
ch romat in  non-h i s tone  pro te ins  is able to phosphory la t e  
casein or phosv i t in  bu t  does no t  utilize a t  all calf t h y m u s  
his tone or p r o t a m i n e  as subs t ra te .  Fur the rmore ,  in 
agreement  w i t h  the  observa t ions  of TAKEDA et  al. ~0, ~this 
kinase ac t iv i ty  was no t  s t imula ted  by  Y, 5'-cyclic AMP. 

In  conclusion, our da t a  d e m o n s t r a t e  t h a t  Ta admin i s t ra -  
t ion induces an increase in the  kinase ac t iv i ty  associa ted  
t o  non-h i s tone  prote ins  of ch romat in .  Such an increase 
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p r o b a b l y  depends  on  h igher  e n z y m e  level. As far  as we 
know, no  ear l ier  i nves t iga t ions  are ava i l ab le  on  t he  
s t i m u l a t o r y  effect  of t h y r o i d  h o r m o n e s  on th i s  nuc lea r  
p ro t e in  k inase  ac t iv i ty .  

A l t h o u g h  t he  physio logica l  roles of t h e  nuc l ea r  p ro t e in  
k inases  are ye t  to  be  c lear ly  unde r s tood ,  i t  is t e m p t i n g  to 
specula te  t h a t  t he  s t i m u l a t e d  p r o t e i n  k inase  ac t iv i ty ,  
i nduced  b y  T 3 a d m i n i s t r a t i o n ,  m a y  resu l t  in a n  increase  in 
no n -h i s t one  p r o t e i n  phos pho r y l a t i on ,  wh ich  could lead in 
t u r n  to e n h a n c e d  t e m p l a t e  a c t i v i t y  of c h r o m a t i n  a n d  
hence  to t he  we l l -known increase  in l iver  R N A  b iosyn thes i s .  
The  poss ib i l i ty  of a n  e n h a n c e d  t e m p l a t e  a c t i v i t y  of r a t  
l iver  c h r o m a t i n  fol lowing t h y r o i d  h o r m o n e  a d m i n i s t r a t i o n  
w a r r a n t s  f u r t h e r  inves t iga t ion .  

Riassunto. Si ~ d i m o s t r a t o  c h e l a  s o m m i n i s t r a z i o n e  di 
3, 5 ,3 ' -Tr i iodo-L-Tiro l l ina  esa l t a  n e t t a m e n t e  l 'attivitS~ 

p ro t e in  c inas ica  assoc ia ta  alle p ro t e ine  n o n  i s ton iche  della 
c r o m a t i n a  epa t i ca  del r a t t o  t i ro idec tomizza to .  Ta le  
cinasi,  che fosforila le pro te ine  n o n  i s ton iche  del la  c roma-  
t ina ,  la caseine e la fosvi t ina ,  n o n  agisce sugli  i s toni  o sulla 
p r o t a m i n a  e n o n  v iene  s t i m o l a t a  dal  3', 5"-AMP ciclico. Si 
p r o s p e t t a  l ' ipo tes i  che nel  l ega to  del r a t t o  t r a t t a t o  con 
l ' o r m o n e  t i ro ideo  la maggiore  attivitS~ delia c inas i  
assoc ia ta  a l la  c r o m a t i n a  possa  a u m e n t a r e  il c o n t e n u t o  
in fosfato delle p ro t e ine  n o n  i s ton iche  ed esa l ta re  il 
processo del la  t rascr iz ione .  
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Fibri l lat ion of a - E l a s t i n  Induced by Proteog lycan  

~-Elas t in ,  a h igh -molecu la r  we igh t  po l ypep t i de  der ived  
f rom insoluble  e las t in  1, undergoes  revers ib le  coace rva t ion  
a t  h i g h  t e m p e r a t u r e s .  On pro longed  coacerva t ion ,  an  
insoluble  p r o d u c t  is fo rmed  wh ich  shows e las t i c i ty  t yp i ca l  
for n a t i v e  e las t in  2. I t  h a s  b e e n  s h w o n  r ecen t ly  t h a t  
co ace rva t i on  of e -e las t in  resul t s  in f ibr i l  f o r m a t i o n  3. 

F o r m a t i o n  of a n  inso luble  elast ic  p r o d u c t  f rom e-e las t in  
has  been  obse rved  to  t a k e  place also due  to i n t e r a c t i o n  of 
e -e las t in  w i t h  a n u m b e r  of s u l p h a t e d  po lysacchar ides  4, 
some of wh ich  are c o n t a i n e d  in c o n n e c t i v e  t i ssue  in t he  
fo rm of p ro teog lycans .  I t  has  b e e n  well  e s t ab l i shed  t h a t  
these  p ro t eog lycans  i n t e r a c t  w i t h  collagenS, 6 a n d  are 
able  to  inf luence  t he  course of i ts  f ib r i l l a t ion  7. 

The  p re sen t  p a p e r  r epo r t s  on f ib r i l l a t ion  of a -e las t in  as a 
resu l t  of i n t e r ac t i o n  of e -e las t in  w i t h  connec t ive  t i ssue  
p ro teog lycan .  Th i s  o b s e r v a t i o n  suggests  a possible  
i n v o l v e m e n t  of p ro t eog lycans  in elastogenesis .  

Materials and methods. Inso lub le  e las t in  was  p r e p a r e d  
f rom b o v i n e  l i g a m e n t u m  n u c h a e  b y  ho t  a lka l i  t r e a t m e n t  s. 
The  insoluble  e las t in  was h y d r o l y z e d  wi th  oxal ic  acid 1 a n d  
~-elas t in  was i so la ted  f rom t he  h y d r o l y s a t e  and  pur i f ied  b y  
r e p e a t e d  c o a c e r v a t i o n  a t  60 -80~  a n d  a d s o r p t i o n  of 
coace rva t ed  e -e las t in  on  Super  H y p h l o  Cell. No con t ami -  
n a t i n g  m a t e r i a l  was  de tec ted  in t he  pur i f ied  p roduc t .  

P r o t e o g l y c a n  was p r e p a r e d  f rom b o v i n e  nasa l  ca r t i l age  
b y  t he  d issoc ia t ive  p rocedure  9. Isoelect r ic  focusing reveal-  
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Fig. 1. Optical density at 440 nm vs. cr ratio. 
The amounts given are in izg/ml. 

ed typ ica l  p ro t eog lycan  b a n d s  w i t h  isoelectr ic po in t s  of 
3.6-3.9. No c o n t a m i n a t i n g  m a t e r i a l  was  presen t .  

The  occurrence  of i n t e r a c t i o n  be tween  ~-e las t in  a n d  
p ro t eog lycan  was e s t ab l i shed  b y  op t ica l  dens i t y  measure -  
m e n t s  a t  440 n m  of ~-elast in  - p ro t eog lycan  m i x t u r e s  in 
w a t e r  so lu t ions  a t  v a r y i n g  ra t ios  of b o t h  c o m p o n e n t s  a n d  
c o n s t a n t  t o t a l  concen t r a t i on .  

E l e c t r o n  microscopic  o b s e r v a t i o n  was car r ied  ou t  on a 
Tes la -BS 613 e lec t ron  microscope.  

e -E l a s t i n  - p r o t e o g l y c a n  i n t e r a c t i o n  p r o d u c t  (complex 
coacerva te)  was p r e p a r e d  f rom 108 [xg of c~-elastin p lus  
24 ~g of p ro t eog lycan  pe r  1 ml  of w a t e r  ( m a x i m u m  
in te rac t ion)  a t  p H  3.0. The  samples  were n e g a t i v e l y  
s t a ined  w i t h  a 12 m M  u r a n y l  ace t a t e  - 19.5 m M  oxalic  
acid so lu t ion  ~, p H  3.0. 

Results. The  p lo t  of op t ica l  dens i ty  a t  440 n m  vs. e- 
e l a s t i n /p ro t eog lyean  ra t io  a t  20~ d e m o n s t r a t e d  t he  
occur rence  of i n t e r a c t i o n  a t  p H  va lues  2.5 ( the lowest  p H  
followed) to  4.0-4.5.  As a n  example ,  t he  d e p e n d e n c e  is 
shown  of t he  complex  coace rva t e  f o r m a t i o n  on ~-elas t in /  
p r o t e o g l y c a n  ra t io  a t  p H  3.0 (Figure  1). 

E l e c t r o n  microscopic  obse rva t i on  revea led  in t he  com- 
p lex  coace rva t e  t he  presence  of a ce r t a in  a m o u n t  of amor -  
p h o u s  m a t e r i a l  t o g e t h e r  w i t h  a s ign i f ican t  p r o p o r t i o n  of 
t yp i ca l  f ibr i l lar  s t r u c t u r e s  (Figure 2). I n  t he  fibrils,  f ine 
f i l amen t s  were c lear ly  d iscernable .  The  m a x i m u m  obse rved  
w i d t h  of f ibre  was 5000 A. 

Discussion. I n t e r a c t i o n  b e t w e e n  ~-elas t in  a n d  pro teo-  
g lycan  u n d e r  su i t ab le  ionic cond i t ions  resu l t s  in  t h e  for- 
m a t i o n  of complex  coacervate .  The  f i rs t  s tage  of t h e  com- 
p lex  coace rva te  f o r m a t i o n  is t he  e lec t ros ta t i c  i n t e r a c t i o n  
be tween  oppos i te ly  cha rged  macro ions  t h r o u g h  which  
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