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p ro l ine  in  p e n u l t i m a t e  pos i t ion .  R e c e n t l y  pep t ides  wh ich  
b lock  t he  conve r s ion  of a n g i o t e n s i n  I a n d  t h e  i n a c t i v a t i o n  
of b r a d y k i n i n  were  pur i f i ed  f rom snake  v e n o m s  ~-6 a n d  
s u b s e q u e n t l y  syn the t i zed .  The  C- t e rmina l  end  of m o s t  of 
t he  p o t e n t  ones is p ro lypro l ine .  T t la t  m a k e s  t h e m  r e s i s t a n t  
to  hydro lys i s  b y  DH.  Because  t he  N - t e r m i n a l  region of 
b r a d y k i n i n  also c o n t a i n s  a p ro lyp ro l ine  sequence  (Arg 1- 
Pro~-Proa-), we t e s t ed  t h i s  t r i p e p t i d e  d e r i v a t i v e  of 
b r a d y k i n i n  as a n  i n h i b i t o r  of DH.  

Materials and methods. H o m o g e n o u s  D H  was o b t a i n e d  
by  pu r i fy ing  t he  e n z y m e  f rom hog lung  ~. The  a c t i v i t y  was 
d e t e r m i n e d  in  a Cary 15 record ing  U V  s p e c t r o p h o t o m e t e r  
a~ 254 n m  in  a 0.1 M Tris buf fe r  of p H  7.4 c o n t a i n i n g  
0.1 NaCI~, a. The  t e m p e r a t u r e  was k e p t  a t  37~ The  
s u b s t r a t e  was h ippury l -g Iycy l -g lyc ine  (HGG).  I n  r ou t i ne  
assay,  a 1 x 10 -a M c o n c e n t r a t i o n  was used. T he  i n h i b i t o r  
was  p r e i n c u b a t e d  for 5 ra in  w i t h  t he  e n z y m e  before  a d d i n g  
t h e  subs t ra t e .  

Results and discussion. H G G  was h y d r o l y z e d  b y  1 m g  
of D H  a t  a r a t e  of 13 ~mole  pe r  min .  W h e n  t h e  rec iprocal  
va lues  of ve loc i ty  were  p l o t t e d  aga i n s t  t h e  rec iproca l  
c o n c e n t r a t i o n s  of t he  subs t r a t e ,  a n d  ave rage  K** of 
1.2 x 10 -~ M was  o b t a i n e d  (Figure  1). 
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Fig. 1, Lineweaver-Burk plot of the hydrolysis of hippuryi-giycyl- 
glycine in presence (O--t)  and absence (O--O) of 2.10 -~ M Arg- 
Pro-Pro. The angiotensin I eonver~ing enzyme was purified from hog 
lung. 

100 

,- 80 X~ 

60 

w 40 

20 

0 _~ 6 5 4 
-IogM concentration 

Fig. 2. Arg-Pro-Pro irlhibits the hydrolysis of hippuryl-glycyt- 
glycine by purified angioteusin I converting enzyme of the lung. 

The  t r i p e p t i d e  Arg -P ro -P ro  i n h i b i t e d  t he  reac t ion ,  
g iv ing  a m e a n  I5o v a l u e  of i x 10 -~ M (Figure  2). Us ing  t h e  
same L i n e w e a v e r - B u r k  equa t ion ,  t h e  p l o t t e d  1/V va lues  
of t he  i n h i b i t e d  a n d  u n i n h i b i t e d  reac t ions  i n t e r cep t ed  on  
t he  o rd ina te .  Thus ,  t h e  t r i p e p t i d e  was a compe t i t i ve  
inh ib i to r .  The  K~ of Arg -P ro -P ro  was ca lcu la ted  to be  
6 • 10 -6 M us ing  s t a n d a r d  e q u a t i o n  for e s t i m a t i o n  of K,  
of compe t i t i ve  inh ib i to r s .  

Bes ides  t h e  two  v a s o a c t i v e  pept ides ,  D H  cleaves a 
v a r i e t y  of subs t ra tes ,  such as t h e  B cha in  of insu l ins  a n d  
severa l  sho r t e r  op t i ca l ly  ac t ive  pep t ide  s u b s t r a t e s  3, a, 5, L 
I t  was  shown,  however ,  t h a t  t h e  r a t i o  of t h e  r a t e s  of 
c leavage  of a s h o r t  pep t i de  s u b s t r a t e  and  ang io t ens in  I 
s t a y e d  c o n s t a n t  d u r i n g  t he  pu r i f i ca t i on  of t he  e n z y m e  
f rom lungS,% Var ious  agen ts  i n h i b i t  DH,  a m o n g  t h e m  
are t he  sp l i t  p r o d u c t s  of t he  hydro lys i s  of b r a d y k i n i n  b y  
D H  (Phe-Arg)  or t h a t  of ang io t ens in  I (His-Leu) l ,  ~. 
Compe t i t i ve  s u b s t r a t e s  such  as t h e  B cha in  of insu l in  or 
b r a d y k i n i n  i n h i b i t  t h e  convers ion  of ang io t ens in  I in t he  
per fused  l u n g  in s i tu  ~ a n d  also in  v i t ro  x0. 

Our  e x p e r i m e n t s  h a v e  s h o w n  t h a t  a f r a g m e n t  of 
b r a d y k i n i n ,  w i t h  t h e  same  sequence  as an ac t ive  po r t i on  
of t he  i n h i b i t o r s  de r ived  f rom snake  venoms,  c o m p e t i t i v e l y  
i n h i b i t s  DH.  Thus ,  in  a d d i t i o n  to  b r a d y k i n i n  which  has  a 
ve ry  sho r t  half- l i fe  in the  body ,  i ts  e n z y m a t i c  d e g r a d a t i o n  
p r o d u c t  as well, m a y  b lock  t he  convers ion  of ang io t ens in  I. 

Zusammen/assung. Nachweis ,  dass  Arg -Pro -Pro ,  das  
N - t e r m i n a l e  T r i p e p t i d  yon  B r a d y k i n i n ,  Iiir die H e m m u n g  
der  K o n v e r s i o n  yon  Ang io t ens in  I zu Ang io t ens in  I I  in  
der  L u n g e  v e r a n t w o r t l i c h  ist. 
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Ribonuclease Activity of Rat Thymus Chromatin Proteins 

T o d a y  i t  is k n o w n  t h a t  a s u b s t a n t i a l  p a r t  of newly  
syn thes ized  R N A  in t he  cells of h ighe r  o rgan i sms  is 
degraded  in t h e  nuc leus t ,  ~. H y b r i d i z a t i o n  e x p e r i m e n t s  
show only  a b o u t  20% of all  R N A  types  syn thes i zed  in  t he  
nucle i  come ou t  in to  t he  c y t o p l a s m  3, ~. T h u s  in t he  nucle i  
the re  m u s t  be  a n  e n z y m a t i c  s y s t e m  respons ib le  for t he  

s t r i c t ly  regu la ted  specific d e g r a d a t i o n  of ce r t a in  RNA.  
Some d a t a  sugges t  t h a t  t he  d e g r a d a t i o n  of nuc lea r  1RNA 
m a y  t a k e  place  d i rec t ly  in  c h r o m a t i n  5. 

M a n y  a u t h o r s  h a v e  t r i ed  to  d e t e r m i n e  the  r ibonuc lease  
a c t i v i t y  of c h r o m a t i n ,  m a i n l y  in order  to  assay  the  role of 
r ibonucleases  in t he  s t u d y  of c h r o m a t i n  t e m p l a t e  a c t i v i t y  
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in R N A  polymerase  sys tems  ~-s. More de ta i led  work  9 
has shown the  presence  of r ibonucleases  in the  ch roma t in  
of u terus  mucosa  in mice and rats ,  and  a change of chroma-  
t in  r ibonuclease  ac t iv i ty  af ter  admin i s t r a t i on  of es t rogens 
to animals.  

The p resen t  s t u d y  conta ins  da t a  on r ibonuclease  
ac t iv i ty  of ra t  t h y m u s  ch roma t in  and  the  non-h i s tone  
pro te ins  (NHP) isolated f rom rats.  

Methods. Isola t ion  of chromat in .  Chromat in  was isolated 
f rom Wis t a r  ra t  (150-180 g) t hymus .  The t issue was homo-  
genized in 0.25 M sucrose, 3 m M  MgC12, 0.01 M Tris- 
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Fig. 1. Ribonuclease activity of rat thymus chromatin at pH 7.5 
(see Methods). 
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Fig. 2. Ribonuelease activity of rat thymus chromatin (a) and hon- 
historic proteins (b) at different pH values. Each sample contained 
50 [xg of chromatin (a) or non-histone proteins (b). �9 0.05 M acetate 
buffer; 0, 0.05 M sodium phosphate buffer; A, 0.05 M Tris-HC1 
buffer. 
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Fig. 3. Fractionation of NHP on DEAE cellulose columm NHP were 
eluted by NaC1 gradient from 0 to 0.35 M in 0.01 M Tris-HC1 
(pH 7.5). 3 ml fractions were collected and optical density at 230 nm 
was measured. 0.2 ml aliquots of each fraction were used for measure- 
ment of ribonuclease activity. - - t - - ,  optical density; ---O - - 7, RNAse 
activity (pH 7.2) ; ---A---, RNAse activity (pH 5.2). 

HC1 (pH 7.2) in a glass-teflon homogenizer .  The nuclie 
were separa ted  by  cen t r i fuga t ion  (10 rain a t  700 • g) and  
then  washed  twice by  the  homogen iza t ion  medium.  The 
nuclei  were washed  consecut ive ly  wi th  0.14 M NaC1- 
0,01 M Tris-HC1 (pH7. 2), 0.075 M NaC1- 0.24 M E D T A  
(pH 8.0) and 3 t imes  wi th  0.01 M Tris-HC1 (pH 8.2). 
Af ter  the  last  centr i fugat ion,  the  ch roma t in  p rec ip i ta te  
was suspended  in 0.01 M Tris-HC1 (pH 7.5). The p ro te in /  
D N A  rat io  in ch roma t in  was usual ly 1.4-1.45. 

Isola t ion of non-h i s tone  protein .  N H P  was isolated f rom 
ch roma t in  as is descr ibed earlier I~ wi th  some modif ica-  
t ions.  Chromat in  was suspended  in 2.5 M NaC1, 0.01 M 
Tris-HC1 (pH 8.2) and  D N A  was  separa ted  by  u l t racent r i -  
fugat ion (20 h a t  170, 000 • g) The s u p e r n a t a n t  was dialyzed 
against  0.5 M NaC1, 0.01 M s o d i u mp h o s p h a t e  buffer  (pH 
6.8) and  passed t h ro u g h  an Amber l i t e  co lumn CG-50. 
His tones  were adsorbed  by  the  co lumn and  N H P  ob ta ined  
f rom the  column were d ia lyzed agains t  0.01 M Tris- 
HC1 (pH 7.5). In  some cases N H P  was appl ied to  t he  
D E A E  cellulose co lumn in 0.01 M Tris-HC1 (pH 7.5) and  
e luted e i ther  by  1 M NaC1 in the  same buffer  (to ob ta in  a 
concen t ra t ed  p ro te in  solution),  or by  NaC1 grad ien t  f rom 
0 to  0.35 M in Tris-HC1 (pH 7.5). 

I so la t ion  of labelled RNA.  4 hours  before killing, each 
ra t  was given 200 FCi of orotic  acid. Nuclear  1RNA was 
isolated f rom ra t  l iver by  the  pheno l -de t e rgen t  m e t h o d  n.  
The specific ac t iv i ty  of nuclear  R N A  obta ined  by  th is  
m e t h o d  was 6 • 105 cpm/mg.  

E s t i m a t i o n  of r ibonuclease ac t iv i ty .  The 0.6 ml  sample  
conta ined  (except  for cases which  will be specified) : 3[zg 
nuclear  EClt~-RNA, 5 m M  Mg C12, 0.1 M NaC1, 0.05 M 
Tris-HC1 (pH 7.5) and  ch roma t in  or N H P  in various con- 
centra t ions .  The control  sample  did no t  con ta in  any  chro-  
m a t i n  or N H P .  The incuba t ion  was caried out  for 2 h 
a t  37 ~ The sample  was rap id ly  cooled in an ice b a t h  
and 100 [zg of R N A  carrier  and 0.7 ml  of 10% TCA were 
added ;  10-15 rain later  t he  prec ip i ta te  was collected on 
m e m b r a n e  filters. Rad ioac t iv i ty  was measured  in a gas- 
flow counter .  The r ibonuclease ac t iv i ty  of ch roma t in  was 
judged by  the  decrease of t he  acid-insoluble fract ion.  

Results and discussion. The da t a  given in Figure  1 on 
R N A  hydrolys is  by  increasing ch roma t in  concen t ra t ions  
indica te  the  presence  of r i b o n u d e a s e  ac t iv i ty  in the  ra t  
t h y m u s  ch roma t in  p repara t ion .  I t  should be no ted  t h a t  
the  a m o u n t  of acid-soluble p roduc t s  fo rmed f irs t  goes up, 
as the  concen t ra t ion  of ch roma t in  increases, t h e n  the  
curve levels off. F igure  2 a p resen t s  da t a  on r ibonuclease  
ac t iv i ty  of ch roma t in  a t  d i f ferent  p H  values. I t  can be 
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seen  t h a t  R N A  d e g r a d a t i o n  occurs  a t  all p H  va lue s  
s t u d i e d  b u t  t h e r e  are 2 p e a k s  on  t h e  cu rve  - in  t h e  acid 
a n d  w e a k l y  a lka l ine  a reas  of p H .  Acidic b u t  n o t  a lka l ine  
r i bonuc l ea se  a c t i v i t y  can  be  p a r t i a l l y  e x t r a c t e d  b y  t h e  
0.6 M a n d  1.0 M NaC1 t r e a t m e n t .  T h e  acid r i b o n u c l e a s e  
is m o r e  e f fec t ive ly  r e m o v e d  a t  p H  8.0 t h a n  a t  p H  6.0; 
pt-I does  n o t  in f luence  t h e  e x t r a c t a b i l i t y  of  t h e  a lka l ine  
r ibonuc lease .  I t  t h u s  a p p e a r s  t h a t  r i b o n u c l e a s e s  are  
c h r o m a t i n  c o m p o n e n t s ,  as  p r o t e i n s  a d s o r b e d  on  c h r o m a t i n  
are u s u a l l y  r e m o v e d  a l r e a d y  a t  0.35 M NaC1 t r e a t m e n t  12. 

Table I. NHP effect on the yield of RNA in an RNA-polymerase 
system 

Template Concentration cpm Inhibition 
of NHP ([xg) (%) 

Rat thymus -- 3260 -- 
DNA 21 2560 21.4 

42 1740 46.5 
63 1380 57.6 

Rat liver -- 1700 -- 
ehromatin 35 1276 25.5 

Rat spleen -- 1500 -- 
chromatin 43 1120 25.2 

64.5 726 51.5 
86 640 57.5 

Rat thymus -- 2030 -- 
ehromatin 30 1625 20.0 

45 1245 38.7 

RNA-polymerase was isolated from E. coli B. by the method of 
BABI~CET 18 with small modifications 20 to A-II fraction. Assay 
mixtures of 0.25 ml volume containing 50 mM Tris-HC1 (pH 7.8), 
10 mM ~gC12, 0.15 M KC1, 1 mM ~-mereaptoethanol, ATP, GTP, 
CTP and E14Cl-UTP 0.1 mM each, 12 [xg of DNA or 25 [xg of ehromatin 
3.1 [xg of RNA polymerase and varying amounts of NHP, were 
incubated for 15 min at 37~ The tubes were then chilled in ice and 
400 ~zg of bovine serum albumin in 2 mI of 0.01 M EDTA were 
added, followect by TCA to 5%. After 10 min the precipitates were 
collected on Millipore filters, washed with 20 ml of 5% TCA and 
dried. Radioactivity was measured on a Nuclear Chicago liquid 
scintillation spectrometer. Data of experiments with different 
templates cannot be compared because different RNA-polymerase 
preparations and 14C-UTP were used. 

I n  sp i te  of t h e  fac t  t h a t  a n u m b e r  of a u t h o r s  h a v e  
f o u n d  r i b o n u c l e a s e  a c t i v i t y  in d i f f e ren t  h i s t one  frac-  
t i ons  ~a-15 the  s u g g e s t i o n  t h a t  r i b o n u c l e a s e s  are  c o n s t i t u e n t  
p a r t s  of N H P  a n d  t h e  r i b o n u c l e a s e  a c t i v i t y  of h i s t o n e s  is 
a s soc ia t ed  w i t h  N H P  a d m i x t u r e ,  s eems  to  be  m o s t  l ikely ~6. 
T h e  d a t a  in F i g u r e  2 b ind ica te  t h a t  r i b o n u c t e a s e  a c t i v i t y  
is r ea l ly  f o u n d  in N H P  p r e p a r a t i o n  a n d  t h a t  p H  o p t i m a  
are  t h e  s a m e  as in c h r o m a t i n .  T h e  t w o  r i b o n u c l e a s e  
ac t iv i t i e s  c a n  be  s e p a r a t e d  b y  N H P  f r a c t i o n a t i o n  on 
D E A R  cel lulose (F igure  3). 

T h e  d a t a  of t h e  T a b l e  I s h o w  t h a t  t he  yield of R N A  in 
R N A - p o l y m e r a s e  s y s t e m  (bo th  for  c h r o m a t i n  or  D N A  as 
t e m p l a t e s )  is r e d u c e d  on  a d d i t i o n  of  N H P .  R e d u c t i o n  o f  
D N A  t r a n s c r i p t i o r t  b y  N H P  w a s  s h o w n  b y  SPELSJ3ERG 
a n d  HNILICA *7'~s, a n d  t he se  d a t a  were  i n t e r p r e t e d  as 
i n h i b i t i o n  of D N A  t e m p l a t e  a c t i v i t y  w i t h  N H P .  H o w -  
ever,  in  o u r  e x p e r i m e n t s  t h i s  effect  s e e m s  to  be a c c o u n t e d  
for  b y  1RNase a c t i v i t y  of N H P .  T h u s  it  is s h o w n  in Tab le  
I I  t h a t  t h e  y ie ld  of R N A  in R N A - p o l y m e r a s e  s y s t e m  
(wi th  D N A  as a t e m p l a t e  )for 8 m i n  i n c u b a t i o n  pe r iod  is 
h i g h e r  t h a n  t h a t  for  12 m i n  w h e n  N H P  were  added  8 mil l  
a f t e r  b e g i n n i n g  of  R N A  syn thes i s .  

T h e  d a t a  p r e s e n t e d  s h o w  t h a t  t h e  effect  of c h r o m a t i n  
R N a s e s  on t h e  R N A  yield  in R N A - p o l y m e r a s e  s y s t e m  is 
g r e a t e r  t h a n  u s u a l l y  a s s u m e d .  T h e  r i b o n u c l e a s e  a c t i v i t y  
of c h r o m a t i n  shou ld  be  cons ide red  in s t ud i e s  of c h r o m a t i n  
t e m p l a t e  a c t i v i t y  a n d  of  N H P  inf luence  on  t h e  t e m p l a t e  
a c t i v i t y  of  D N A  or  c h r o m a t i n  in  t h e  R N A  p o l y m e r a s e  
s y s t e m .  

BBIBO~BI .  XpoMaTHH TI4Myca KpblC o6naJlaeT pH60Hy- 
KJIea3H0~ aKTHBH0CTBI0 C RByM~ 0nTHMyMaMH p H  - s KHC~0~ 
H c~a6o-nle~oqHo~ 06~aCTgX. 06e  pH60HyKJIeaabl BXO,~SIT B 
COCTaB HeFHfiTOHOBMX 6e.IIKOB XpOMaTHHa 14 M0ryT 6blTlo pa3- 
neneHbi xpoMaTorpaqbHe~ Ha ~EAE-~en~mno3e .  
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Table 1I. Effect of NHP added after beginning of RNA synthesis on 
the RNA yield in RNA-polymerase system 

Tube number Incubation time Addition cpm 

1 8 -- 570 

2 12 (8 -t- 4) NHP 400 

3 12 (8 + 4) Water 620 

Tube I. Assay mixture of 0.075 mM volume, containing 165 mM 
Tris-HC1 (pH 7.8), 16.5 mM MgC12, 3.3 mM fl-mercaptoethanol, 
ATP, GTP, CTP and [14C~-UTP 0.3 mM each, 12 [xg of DNA and 
3.1 [xg of RNA polymerase was incubated for 8 rain chilled and treated 
as described in the legend to Table I. Tube 2. The same as Tube I 
but after 8 min incubation 0.175 ml (67 [xg) of NHP were added and 
sample was incubated for additional 4 rain. Tube 3. The same as 
Tube 2 but 0.175 ml of water were added instead of NHP. KC1 was 
omitted to avoid reinitiation. Each value is the mean of 3 determina- 
tions. 
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