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A n  Aqueous Thymus Extract M o d i f i e s  D N A - P r o t e i n s  Interactions in the Liver of  O l d  Rats. 
Spectrophotometrical Data 

Our p rev ious  research  ~ conce rn ing  the  possible  correla-  
t ions  be tween  t h y m u s  and  senescence cons idered  t h e  
effect  of t he  a d m i n i s t r a t i o n  of an  aqueous  e x t r a c t  of calf 
t h y m u s  on  a few h e m a t i c  p a r a m e t e r s  a n d  on  t h e  nucle ic  
acids c o n t e n t  of t he  l iver  of old rats .  W e  h a v e  obse rved  
t h a t  in  t h e  l iver  t he  t h y m u s  e x t r a c t  modi f ies  t he  e x t r a c t -  
ab i l i ty  of D N A  in t he  po lymer ized  s ta te .  Th i s  resu l t  leads 
to  t he  h y p o t h e s i s  of a d i f fe ren t  chemica l -phys ica l  s t a t e  of 
t he  deoxy r ibonuc l eop r o t e i n s  in t he  a n i m a l  t r e a t e d  w i t h  
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Fig. 1. Absorpt ion spect ra  be tween 220 and 300 nm of the ehromat in  
(O--O}, deoxyr ibonucleopro te ins  (ml--m) and  DNA (A--A)  ex- 
t rac ted  from r a t  l iver.  Segments  AB, D E  are demons t r a t ive  of 
spec t rum modif icat ions of the ch romat in  when  subjec ted  to de- 
pro te in iza t ion  in low ionic s t reng th  med ium ; BC, E F  are demon- 
s t r a t ive  of spec t rum modif icat ions of the deoryr ibonueleoprote ins  
when  subjected to depro te in iza t ion  in the presence fo 1 M NaC1Q 
(see Table). 

t h e  aqueous  t h y m u s  ex t rac t .  The  p r e sen t  s t u d y  is 
i n t e n d e d  to  ver i fy  t h i s  poss ib i l i ty  b y  a s p e c t r o p h o t o m e t r i c -  
al ana lys i s  of nuc leopro te ic  f rac t ions  o b t a i n e d  f rom the  
l iver  of t r e a t e d  as c o m p a r e d  to u n t r e a t e d  old rats .  

3/iaterials and methods. The  p r e p a r a t i o n  of t h e  aqueous  
t h y m u s  e x t r a c t s  a n d  t h e  m e t h o d  of a d m i n i s t r a t i o n  were  
effected accord ing  to  m e t h o d s  descr ibed  p r ev ious lyL  
The  e x p e r i m e n t s  were car r ied  ou t  on  groups  of 6 old r a t s  
(26 mon ths ) .  The  e x t r a c t i o n  of t he  c h r o m a t i n  was car r ied  
ou t  us ing  t he  m e t h o d  of 1VIARUSHIGE and  B O N N E R 2 ;  t h e  
e x t r a c t i o n  of t he  deoxy r ibonuc l eop ro t e in s  was effected 
accord ing  to  MARMUR 3 a n d  KAY et  al. 4, or accord ing  to 
BRAM and  RIS 5. The  nuc leopro te ins  were depro te in ized  
b y  ch lo roform- i soamyl ic  a lcohol  (24:1 v /v)  accord ing  to  
SEVAG et  al. 6, in a d i f fe ren t  cond i t i on  of ionic s t r eng th .  
The  R N A  was r e m o v e d  f rom nuc leopro te ins  b y  r ibo-  
nuclease  d iges t ion  8. 

Results and discussion. A) The  h y p e r c h r o m a t i c i t y  of 
D N A - p r o t e i n  complexes  e x t r a c t e d  b y  0.5 M NaC1 v,s 
was  s tudied ,  a f te r  h e a t i n g  a t  100~ for 45 rain  and  sub-  
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Fig. 2. a} Spec t rophotomet r ic  t i t r a t ion  curves of D N H  (deoxyribo- 
uueleohistone) and  DNA a t  300 nm:  R - - m ,  D N H ;  A- -A ,  DNA;  
O--O,  difference curve  represent ing  the  t i t r a t ion  of the his tone in  
the D N H  complex,  b) T i t r a t ion  curves  of the his tones in  the  D N H  
complex obtained from the liver of control (�9 and treated rats 
(0--0). The mean values are reported i the average quadratic 
error of the mean. 
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ControI 

+ Thymus 

A) Chromatili 

J (A 280 nmlA 260 nm); ~ ( ~ )  Z] (A 240 nm/A 260 nm); ~ ( ~ )  

0.075 ~ 0.015 0.126 q- 0.012 

0.015 • 0.005 0.071 ~ 0.022 

B) Deoxyribonueleoproteins 

A (A 280 lira/A 260 nm); a ( ~ )  A (A 240 IIm/A 260 nm); �9 ( ~ )  

0.033 ~ 0.013 0.161 q- 0.024 

0.068 ~ 0.004 0.208 ~- 0.011 

~The above differential values are function of AB, DE, BC, EF segments reported in Figure 1. The mean values are reported ~ the average 
quadratic error of the mean. 

sequen t  rapid  cooling. A h igher  h y p e r c h r o m a t i c i t y  
A A 260 n m / A  260 n m  can be seen in the  deoxyr ibo-  
nucleoprote ins  of t he  contro l  (0.0694 =k 0.0075) as 
compared  to  the  t r ea t ed  animals  (0.0306 -- 0.0098). 
B) Spec t ropho tome t r i c  analysis  was made  of the  chroma-  
t in.  The rat ios  A 280 n m / A  260 n m  and A 240 n m / A  260 
n m  of the  ch roma t in  ob ta ined  f rom the  l iver of the  
contro l  or of the  t r ea ted  animals  did no t  show signif icant  
differences:  th is  indica tes  an a p p a r e n t  homogene i ty  of 
the  ch roma t in  9. On the  same ch roma t in  prepara t ions ,  
the  different ia l  var ia t ions  A (A 280 n m / A  260 nm) and 
A (A 240 n m / A  260 nm) were subsequen t ly  calculated af ter  
depro te in iza t ion  in low ionic s t r eng th  m e d i u m  (~ 0.018) 
Table A: the  values for the  control  animals  were 
s ignif icant ly  higher  t h a n  for the  t r ea t ed  animals.  These 
results  suggest  t he  hypo thes i s  of the  presence in the  
ch roma t in  of the  control  animals  of a h igher  a m o u n t  of 
non-historic  pro te ins  or of p ro te ins  whose in te rac t ions  
wi th  DNA can be overcomed by  depro te in iza t ion  by  
chloroform a t  low ionic s t renght .  This is in agreement  wi th  
the  results  of GOLUBITSKAJA 10 which  d e m o n s t r a t e  t h a t  
senescence is accompained  by  an increase (21%) of the  
non-h i s tone  prote ins  of ra t  l iver nuclei. 

C) Spec t ropho tomet r i ca l  analysis  were made  on deoxy-  
r ibonucleopro te ins  ex t r ac t ed  by  sod ium lauryl  sulfate 3,4 
f rom the  l iver of old animals  un t r ea t ed  or t r ea t ed  wi th  
t h y m u s  ex t r ac t  (Table B). The different ia l  var ia t ions  
A (A 280 n m / A  260 rim) and A (A 240 n m / A  260 nm) be tween  
the  deoxyr ibonuc leopro te ins  p repa ra t ions  ob ta ined  follow- 
ing depro te in iza t ion  by  chloroform in low ionic s t r eng th  
m e d i u m  (ix 0.018), and  the  p repa ra t ions  der ived f rom 
subsequen t  depro te in iza t ion  by  chloroform in presence  of 
1 M NaC104 (ix 1.018), were calculated:  the  presence of 
1 M NaC104 helps the  dissociat ion of all the  h is tone  
componen t s  bound  to  the  nucleic acid by  e lect ros ta t ic  
in te rac t ions  11. These different ia l  var ia t ions  were signific- 
an t ly  higher  in the  animals  t r ea t ed  wi th  t h y m u s  ex t rac t  as 
compared  to the  controls.  This indica tes  a grea ter  concen-  
t r a t ion  of h is tone  prote ins  in the  deoxyr ibonue leopro te ins  
of the  l iver of t r ea ted  ra ts  which  can be dissociated f rom 
D N A  in the  presence  of 1 M NaC104. 

D) A subsequen t  series of expe r imen t s  was carried out  
on p repara t ions  of deoxyr ibonuc leohis tones  (DNH) 
according to  the  m e t h o d  of BRAM and RIS 5, ob ta ined  
f rom the  l iver of old ra t s  un t r ea t ed  or t r ea t ed  wi th  
t h y m u s  ext rac ts .  A spec t rophotomet r ica l  t i t r a t i on  of the  
D N A  and DNH,  according to WALKER'S m e t h o d ~ ,  was 
carried out  on these  p repara t ions  ; th is  m e t h o d  is based on 
the  var ia t ion  of absorbance  at  300 n m  shown by  DNA, 
D N H  and  h is tones  when  the  p H  is increased f rom 10 to  
12.5. The above var ia t ions  are due to t he  d i f ferent  
ionizat ion,  corre la ted wi th  t he  var ia t ion  of the  pH,  of the  
cy t id ine  and guanine groups as concerns  the  DNA,  
and of the  phenol ic  groups  of the  ty ros ine  as concerns  the  
h is tone  prote ins .  Figure 2a shows the  p a t t e r n  of the  
D N H  and D N A  ext inc t ion  var ia t ions  when  the  p H  goes 

f rom 7 to  12.5: the  curve represen t ing  the  con t r ibu t ion  of 
the  h is tones  to  the  spec t ropho tomet r i ca l  var ia t ions  
observed for the  D N H  is ob ta ined  by subs t rac t ing  the  
D N A  s p ec t ru m from the  D N H  spect rum.  Figure  2b 
shows the  t i t r a t ion  curves of the  h i s tones  in the  D N H  
complex  ob ta ined  f rom the  l iver of cont ro l  and t r ea t ed  
rats.  The da t a  d e m o n s t r a t e  t h a t  in the  D N H  complex  of 
the  t r ea t ed  ra ts  there  is a s ignif icant  increase of the  con- 
cen t ra t ion  of the  historic pro te ins  bound  to DNA by  
e lect ros ta t ic  in te rac t ions  which can be overcomed in the  
presence  of 1 M NaC104. 

If in te rp re ted  in t he  l ight  of results  ob ta ined  by  o ther  
authors13,14, according to which  the  s tab i l iza t ion  of 
the  in terac t ions  be tween  D N A  and prote ins  increases 
w i th  senescence, these  da t a  could appear  to con t rad ic t  
the  resul ts  descr ibed in our preceding  work  1 according to 
which  the  t h y m u s  ex t r ac t  has  a p ro t ec t ive  func t ion  
towards  modif ica t ions  of biological pa rame te r s  corre la ted 
wi th  senescence. However ,  in our opinion, the  act ion of 
the  aqueous t h y m u s  ex t r ac t  can be correct ly  i n t e rp re t ed  
no t  as a s tabi l iza t ion b u t  as an increase in the  n u m b e r  of 
e lect ros ta t ic  in te rac t ions  be tween  D N A  and prote ins ,  
th is  ac t ion p robab ly  being corre la ted  to  t he  biological 
ac t iv i ty  of the  h is tone  pro te ins  which  control  the  t ran-  
scr ip t ional  act ivi t ies  of DNA. This hypo thes i s  receives 
suppor t  f rom the  resul ts  of DENKHAUS et  al. 1~ who 
d e m o n s t r a t e d  t h a t  the  n u m b e r  of e lect ros ta t ic  bonds  
be tween  nucleohis tones  and  D N A  decreases w i th  age as 
more  s table  bonds  are formed.  

Riassunto. Un es t ra t to  acquoso di t imo  modif ica  le 
in teraz ioni  t r a  D N A  e p ro te ine  nel fegato di r a t t i  vecchi  
a u m e n t a n d o  il numero  dei legami t ra  le pro te ine  is toniehe 
ed il DNA. 
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