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RIBONUCLEASE AND DESOXYRIBONUCLEASE A('TIVITIFS 

IN NORMAL AND REGENERATING BONE MARROW HOMOGENATF.S* 

S:\M H R O I ) Y ' "  AND t'~O T I t O R E I . [ .  

l)eparlment o[ Pathology, Karolinska Instituter, Stockholm (Sweden) 

I NTROI.)UCTION 

It has generally been observed that changes in the growth state of at tissue are 
parallelled by changes in the quantities of the tissue nucleic acids ~ 6. This is true also 
when single cells are examined; the growing blast cells of the bone marrow, for 
example, show high cytoplasmic concentrations of pentose nucleic acids that decrease 
continuously during cell maturation and cessation of growth 7's. 

It may be postulated that the level and metabolism of nucleic acids in the cell 
are enzymically regulated 9. This paper describes the ribonuclease (RNase) and 
desoxyribonuclease (DNase) activities in homogenates of normal and regenerating 
chicken bone marrow. Activity changes have been found which could be correlated 
with changes in the growth state of the bone marrow. 

I-XPERIMENT.\L 

Young  hens, of a s t ra in  of \Vhite  l .eghorn  (Edo) weighing  abou t  ~.5 kg, were t, sed. Before and 
dur ing  the e x p e r i m e n t s  they  had free access to it s t anda rd i zed  chicken food (Fors). 

The regenera t ion  of the bone mar row was b rough t  abou t  bv an i n t r a m u s c u l a r  in ject ion of 
a i c,  p h e n y l h y d r a z i n e - H C l  solut ion a t  a dose of 5o mg per kg of body weight .  After 7" hours 
the g rowth  rate  was m a x i m a l  s. 

The bone mar rmv was i m m e d i a t e l y  t aken  out  af ter  e x sangu i na t i on  of the chicken,  and frozen 
in a beaker  immersed  in a dry- ice-a lcohol  mix ture .  After  thawing,  the ma te r i a l  was homogenized 
in g lass-dis t i l led  wa te r  for four minu te s  wi th  a Btihler  homogenizer .  The t issue c . n c e n t r a t i o n  
was abou t  ~ o 'Yo. Precau t ions  were t aken  to keep the t e m p e r a t u r e  of the homogena te  close to n:: C. 

The nuclease ac t iv i t i e s  were de te rmined  as descr ibed earl ier  1°. The RNase  ac t iv i t i e s  are 
expressed  as the  increase in acid-soluble  phosphorus  du r ing  0o minu tes  a t  37" C pe," uni t  of to ta l  
t issue n i t rogen or t issue desoxvr ibonuc le ic  acid phosphorus  (DNAI ' ) .  The l )Nase  ac t iv i t ies ,  for 
reasons discussed elsewhere l°, were expressed per t nag to ta l  t issue ni t rogen or per -o !~g laNAI-'. 
:ks subs t ra tes ,  purified, commerc ia l  (Baker) yeas t  r ibonucleic  acid (I 'NA) or desoxypen tose  nucleic 
acid (DNA), prepared  accord ing  to HAM.XL*RST~;.X 11, were used. Ace ta te  buffers of 0.2 31 were used 
up to pH 5.7 and x/t 5 M phospha te  buffers above  th is  pH. The pH values  of the  react ion m i x t u r e s  
were measured  with a R a d i o m e t e r  pH me te r  3. 

An a l iquo t  of the homoge.nate was t aken  for nucleic acid de te rmina t ions .  These compounds  
were ex t r ac t ed  according to the  method  of ,~CIINEIDER 12, and the  q u a n t i t a t i v e  d e t e r m i n a t i o n s  
were done co lor imet r ica l ly  ~3,~4 wi th  a Be c km a n  qua r t z  spec t ropho tomete r ,  using a t c m  cell. 
E v e r y  de t e rmina t ion ,  inc luding  the  ex t r ac t ion  procedure,  was tun  in dupl ica te .  

:f'he n i t rogen  de t e r m ina t i ons  were done in dup l i ca t e  by the  miern-Kjeh tah l  t echn iquO '~. 

* This  inves t iga t ion  was suppor ted  by g ran t s  from the ,Swedish Cancer  Society and St if telsen 
"l'herese och Johan  Anderssons  Minne. 

** Presen t  address :  D e p a r t m e n t  of W o m e n ' s  Diseases, Karo l in ska  S jukhuse t ,  S tockho lm 
(.%weden). 

Rc/erenccs p. 584/5"5. 



580 S. BRODY, B. THORELL VOL. 25 (x957) 

Manipulations and centrifugations (M.S.E. refrigerated centrifuge) were carried out at temperatures 
close to o ° C. All reagent solutions were freshly prepared daily. 

The cytological investigations were made according to the technique referred to earlier s. 
The material was statistically treated according to analysis of variancO 6. 

RESULTS 

Nuc le i c  acids 

The pentose and desoxypentose nucleic acids have been determined in twelve normal 
and in seven regenerating bone marrows. Table I gives the values expressed per mg 
total tissue nitrogen and the P N A P / D N A P  quotients.  Despite considerable scatter 
of the values in the normal and regenerating groups the increase of P N A P / D N A P  
in the regenerating group is s tat is t ical ly significant (0.ooi < P < o.oi). This is in 
accordance with earlier results obtained for bone marrow ~7, regenerating rat  l ive#  
and human  placenta4, 6. 

The great scatter of the P N A P / D N A P  quotients  ma y  be due par t ly  to a some- 
what varying admixture  of the red blood cells, which in the hen are nucleated and 
contain a high proportion of DNA (PNAP/DNAP quotient  0.35). 

TABLE I 

PENTOSE AND DESOXYPENTOSE NUCLEIC ACIDS IN NORMAL AND REGENERATING BONE MARROW 

Hen PNAP mg total N DNAP rag total N PNAP/DNAP 

Normal 

Regenerating 

i lx.7o I9.X6 o.6x 
2 7.57 21.33 0.35 
3 i I. 18 t 8.98 o.59 
4 IO.78 2o.2o o.53 
5 I7.53 [9.12 0.92 
6 I f.~2 26.32 0.42 
7 15.8o 28.98 0.55 
8 i5.o2 25.o 7 o.6o 
9 9.35 21.67 0.43 

IO I2.15 21.60 0.56 
II X4.O 4 24.62 0.57 
I2 ~2.36 17. I6 0.72 

I 23.13 27.38 0.8.5 
2 i6.6o 23.95 0.69 
3 2~-4r I8.4x I.I6 
4 2o.67 23.58 0.88 
5 24.74 33.o2 0.75 
6 20.70 27.57 0.75 
7 9.08 I 1.66 0.78 

R N a s e  ac t iv i ty  

Opt imum act ivi ty  is at  pH 7.5 when the enzyme is not activated. The RNase activities 
were determined in five normal  and five regenerating marrows. The figures are given 
in Table II .  The RNase activities are higher for the regenerating bone marrows than  
for normal  tissue. This increase is more pronounced when the activities are calculated 
per mg tissue nitrogen than  when they are referred to the tissue DNAP. For  results 
of statist ical  analysis see Table  I I I .  

The same technique that  was adopted in this invest igat ion has earlier been used 
for the determinat ion of RNase activities at different stages of growth in the human  

Re/erences p. 5841585. 
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T A B L E  II 

M I T O T I C  F R E Q U E N C I E S  A N D  N U C L E A S E  A C T I V I T I E S  IN N O R M A L  A N t )  

R E G E N E R A T I N G  B O N E  MARRO'~V H O M O G E N A T E S  

RNase attirity .Von-c~tivated DNase activity Mgt=.actzvaled D.Yase aaivity 
Hen Mitotic lrequency . . . .  

per /lg D.VAP per mg N per eo.ug gN.4P per t mg N per zo lzg; l ) .VAP per r mg N 

Normal  i o. 3 : o. Io 3 I .°  3 o.o 53.5 51.2 
, o.2 .:- o . o  5 5 . o  i "5  t t> .o  i 7 . 5  .13 .o  .t5.6 
3 o .  4 .,~: o . l o  5 . 5  1 o 3  . . . . .  

4 0 . 2  t :  o . o S  .5.9 1 2 o  " " 4 t . 4  4 4  . 8  

5 o. 7 +. o.l.5 7/,  t4, 5 - - (>S.l 65.2 
(~ O . 2  • O . O ~  3 . ( ~  I O 2  1 2 . 0  1 ~ . O  . t 5 . O  . 5 ( ) . O  

7 0 .  3 : 0 .  I 0  " -  4 2 . ( )  ( ) 1  ' 7  

0 .  3 : 0 . 1 0  ( ) 7 . 0  1 2 1 . 0  

9 0 . 2  : 0 . 0  5 

1 ( )  f ) 1 3  i ( ) i f ( )  11 

I 1 0 . 2  -.- O . O ~  • - 51).1 0 ( I . 2  

12 0 . 5  : O. 15 . . . . . .  ( )() . I  5 ( ) . 5  

1 .4  .:. o . , o  5 . 5  1 5 2  • • 4 o . o  5 5 . o  

1.1 • o . -o  7.1 171 3q.o 50.0 4o.o ,tS.o 
2"5  7 0 - 2 5  IO. t )  2DO 87.0 74.o 1 1 3 . O  I O 4 . 1  

l . H  l 0 . 2 0  9.2  2 1 7  t>5.O S o . o  73 .o  S 0 .  5 

2 . 5 - !  o . 3 o  {).,~ 2 2 4  3 5 . o  5 0 . 0  0 5 . o  IOH.O 

2 . 0  : 0 . 2 0  (~7.O 0 5 .  5 

2.2 - o.25 - -  87.o 5o.6 

Regene ra t ing  t 

2 

3 
4 

.5 
(~ 

7 

Normal  blood""  
I m m a t u r e  l>lood" * 

o . - -  o - -  o 

o 5.o 2. 5 

. . . . . . . . . . . . . . . . . . . . . .  

* The  mi tot ic  f requencies  are  e s t ima ted  <m s ta ined  paraff in-sect ions and  ca lcula ted  according 
to the  Poisson d is t r ibut ion .  

" * The  nuclease  act iv i t ies  in the  blood expressed  per g fresh blood. 

TABI. t£  I I l  

R E S U L T S  O F  ST. ,~ ,TISTICAL A N A L Y S I S  O F  D I F F E R E N C E S  B E T V , ' E E N  N O R M A L  A N D  

R I , ; G E N E R A T I N G  B O N E  MARRO~,VS 

Statistwal significance 

O . O O i  < .  l ) ' ~  O.O1 

0.o 5 ~ P < ~ o . 2  
o.ool <~ 1 ~  ~. O.Ol 
0.05 -.~ P-.7. 0.2 
o.oot <7 P - - ~ .  o.o1 

t '  ~> 0.2 
1 > ~,> o.2 

o.ooI <~ t><~ o.oI 

Factor o/comparison 

Mitotic f requency 
RNase  per tlg I ) N A P  
RNasc  per ing total  N 
Non-ac t iva t ed  DNasc  per 2o fig I )NAI '  
Nor>ac t iva ted  DNase  per i mg  total  N 
3Ig" "-act ivated DNase  per 2o i tg  D N A P  
Mg++-act ivatcd DNase  per i mg  total  N 
I } N . \ P / D N A P  

p l a c e n t a  l°. W i t h  t h i s  t echn i ( tue ,  n o  c h a n g e s  in  a c t i v i t y  ( l u r i n g  n o r m a l  g r o w t h  w e r e  

f o u n d ,  i n  o t h e r  e x p e r i m e n t s  u s i n g  a d i f f e r e n t l y  p r e p a r e d  s u b s t r a t e ,  a c o n s i d e r a b l e  

d e c r e a s e  o f  t i l e  RNa_se a c t i v i t y  w a s  f o u n d  d u r i n g  t i l e  d e c r e a s e  o f  t h e  g r o w t h  a c t i v i t y  

in  t h i s  o r g a n  'a. T h u s ,  t i l e  s u b s t r a t e  is o f  c o n s i d e r a b l e  i m p o r t a n c e .  FINAMOnE is, s t u d y i n g  

t h e  g r o w t h  o f  R a n a  p i p i e n s ,  f o u n d  c y c l i c  c h a n g e s  in  t h e  R N a s e  a c t i v i t y  d u r i n g  t i le  

e a r l y  e m b r y o n i c  d e v e l o p m e n t ,  c h a n g e s  t h a t  w e r e  s u p p o s e d l y  s y n c h r o n o u s  w i t h  

v a r i o u s  p h a s e s  o f  g r o w t h  a n d  d i v i s i o n .  

lCe/ere~zces p. 5 s 4 ; 5 s 5  . 

3s 
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DNase activity 
The bone marrow from chickens showed in general high DNase activities. The opti- 
mum is near pH 5.7. At this pH, the addition of Mg ÷+ causes inactivation. On the 
other hand, at more acid pH values, Mg ÷+ causes an activation, which can be seen 
in Fig. I. Furthermore, it was noticed that  different concentrations of Mg ++ in the 
reaction mixture were necessary for obtaining maximal activation at different pH 
values. At pH 5.2 the final Mg++ concentration for maximal activation was I .  Io-2M, 
and at pH 4.7, 2. Io-*M. Fig. 2 gives a graphical summary of these results. It  may 
be mentioned that the Mg ÷+ concentration in the bone marrow homogenates was 
about Io-4M. 

tO0 I00 - -  

0 • I 

45 510 5,15 610 6.5 
PH 

-_> 

?.0 

Fig. I. Inf luence of Mg ++ on the  DNase  ac t iv i ty  
a t  different  pH  values.  /~  w i thou t  Mg ++, • 
Mg +* concen t ra t ion  5" I ° - 2 M ,  C) Mg *+ concen- 

t ra t ion  I .  I o - 2 M .  

0 ,.0 2.0 30  4 0  

Mg" "CONCENTRATION [ M • I0 z} 

Fig. 2. Op t ima l  Mg ++ concen t ra t ion  for DNase  
ac t iv i ty  a t  different  p H  values.  • pH  4.7, 

• p H  5.2, O p H  5.8, z~ pH  6. 7 . 

When measuring the Mg++-activated DNase activities, a zero order reaction was 
obtained in the range of the actual homogenate concentrations and incubation times. 
When determining the DNase activities without added Mg +÷, a "lag" phase in the 
rate of formation of acid-soluble enzymic hydrolysis products was observed (Fig. 3). 
This phenomenon has been discussed earlier 1°. 

The Mg++-activated DNase activities were determined in eight normal and in 
seven regenerating bone marrows. Non-activated DNase activities were measured in 
three normal and in five regenerating marrows. Both activities were determined at 
pH 5.2. Table I I  gives a summary of the results. The Mg++-activated DNase activities 
were approximately the same in the two groups and exhibited great variations. The 
activities, measured without Mg ++, however, were invariably higher in the regene- 
rating group. For results of statistical analysis see Table I I I .  

In accordance with the present findings, a tissue DNase has earlier been observed 
with an optimal activity near pH 5 6,10,19,2o. At this pH, however, the addition of 
Mg ÷+ caused an inhibition of the enzymic activity. 

The homogenization procedure, used in these experiments, completely dis- 
integrates cells and nuclei and probably also mitochondria 1°. By disintegration of 
the structures of the cell, the important role of the structural formations of the cell 
in connection with intracellular enzymic activity is affected and probably only an 
average enzymic activity is measured under the conditions used. To rule out the 
possibility that  the presence of disintegrated tissue particles affected the enzymic 
activity by unspecific binding of the enzyme or by other means, the following experi- 
ment was undertaken. A homogenate was prepared; part was set aside for the determi- 

Re/erences p. 5841585. 
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nation of tile DNase and the rest centrifuged in a Spinco l)rct)arative ultracentrifuge 
at 4o,ooo / g for 3o minutes. "l'he DNase activity was then determined in the 
supernatant. "Fable IX" gives the results. It can be seen that ahnost all the enzv!nic 
activity is recovered in the snpernatant. 

T . \ B L E  IV 

1)ES()XYRIBONUCLEASE ACTIVITY IN BONE .MARRO~A" IIOMOGENATE AND SUPERNATAN'I '*  

l ! ' i t hou t  .~1~+- 
. . . . . . . . . . . . . . . . . . . . . . .  

D.X'a.~e ] ) :\: a sc 
P.X'A P I )  N A t '  T o t a l  .\" ocliviO' *" , c t i v t t 3  " "  

H o m o g e n a t e  , 0 . ,  6 . 7 7  1o.55 1.2 5 7 . 8  
Supernatant  26. 3 0 . 4 5  1.27 0. 4 4 5 . o  

ll'*th . l i e  ¢ , 

P.".'A t '  /).\A t '  I ,Jtal .\' 

7 . 1 g  11.12 I .  4 

0 .24  1.35 0. 5 

* Supernatant  obtained by centr i fugat ion at 40,000 :< g d u r i n g  3 ° min. 
** E n z y m i c  act iv i t ies  determined at p l l  .5.25. All v a l u e s  are given per ml of homogenate  or  

supernatant .  
~o I 

~10 • ° J  o/ 

/ 

o 

' I - - -  

50 I00 150 
DNase A C T I V I T Y  

Fig. 4. Relat ionship  tmtween l )Nase  and R Nase  
act iv i ty  in normal  and regenerating bone 
marrows.  DNase  act iv i ty ,  measured w i th o u t  
the  addit ion of Mg + '  and expressed per 20 t*g 
t issue I)NAI',  RNase  act iv i ty  expressed per # g  

I ) N A P .  Fo r  further explanat ion  see t ex t .  

t00 . . . . . . .  i 

o! 

0 5 tO 15 20 25 
HOMOGENATE CONCENTRAT,ON 

Fig. 3. Relationship between homogenate 
concentrat ion ,  expressed as t issue I )NAI  ), and 
l )Nase  act iv i ty .  O w i t h o u t  and • w i t h  M g * -  
in the incubat ion  mixture .  Final  Mg ++ concen- 

trat ion i - ~o -'a .1I. 

Bone marrow growth 

The degree of regeneration, measured as the mitotic frequency of stained sections 
of the bone marrow samples, showed a considerable increase in the marrows that 
were regenerating after phenylhydrazine hemolysis. A correspondingly increased rate 
of production of red cells took place in accordance with earlier data 5. 

Table I I shows the correlation between the nuclease activities from four sources, 
representing different degrees of growth activity and tile corresponding mitotic 
frequencies and enzymic activities. In tile blood from normal chickens there are no 
mitotic cells and no measurable DNase activity.  In tile blood from regenerating 
animals there is an outflow of immature cells from the bone marrow. There arc.' very 
few mitotic cells but a definitely measurable DNase activity. Normal bone marrow 
represents a "basal" mitotic state with a corresponding enzymic activity. Finally, 
regenerating bone marrow represents a rapidly growing tissue in which the highest 
nuclease activities are found. 

Re/erences p..584/.5S5. 
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The RNase and DNase activities in the different bone marrow samples were 
rather well correlated with one another (Fig. 4). 

The acid DNase activity has been studied by ALLrREY AND MmSKY 21, who found 
a correlation between the DNase activity of a tissue and its DNA turnover, measured 
as the incorporation of 15N. From experiments on a diversity of adult animal tissues 
these authors put forward the hypothesis that  "there exists a possible connection 
between the DNase concentration of a tissue and its capacity for proliferation and 
regeneration". 

Characteristically increased turnover rates have been found during the formation 
of proteins and polynucleotides in regenerating bone marrow and liver3, ~. Incorpo- 
ration of ~6N into the desoxyribose polynucleotides of regenerating bone marrow was 
higher than into those of normal tissue. There was also a definite increase of the 
incorporation into the ribosepolynucleotides ~, but to a much less extent. These 
investigations showed a correlation between the state of growth, measured as the 
mitotic activity, and the isotope contents of polynucleotides. Our experiments show 
a similar connection between mitotic frequencies and the nuclease activities. 

Phenylhydrazine-induced regeneration of bone marrow thus causes a parallell 
increase in the incorporation of ~SN into the desoxyribose and ribosepolynucleotides 
and the DNase and RNase activities. I t  is furthermore of interest to note that in 
this material there is also a quantitative relationship between the magnitude of the 
increase of ~SN incorporation into the DNA and PNA and the relative increase in 
the corresponding enzymic activities. In the regenerating tissue the incorporation 
of 15N into DNA-adenine and DNA-guanine was increased 16o and 17o% and into 
PNA-adenine and PNA-guanine 2o and 50%. Table I I  and Fig. 4 show that  the 
maximal observed increase in DNase activity is about 6-fold, the corresponding 
increase in RNase activity only about 2-fold. However, whether these relationships 
between nucleic acid turnover, as measured by 15N incorporation, and enzymic 
activity, are merely coincidental is still not clear, especially as the pattern of ~SN 
incorporation, when studied in detail 22, is rather complicated and difficult to interpret 
in terms of growth and synthetic rates. 

SUMMARY 

I. Phenylhydrazine was used to induce regeneration of chicken bone marrow.  
2. The mitotic frequencies were determined and showed up to a lo-fold increase in the 

regenerating tissues. 
3. The pentose and desoxypentose nucleic acids were determined in the two types of tissue. 

A consistent increase in the P N A P / D N A P  quotients  was noted in the regenerating tissues. 
4. The ribonuclease activity in the bone mar row homogenates  has its pH opt imum near 7.5. 

A correlation between the enzymic activity and the state ot growth was found. 
5. The desoxyribonuclease activity in the bone mar row homogenates  shows a pH op t imum 

near  5.7. The influence of magnesium at different pH values was studied. A good correlation 
between the desoxyribonuclease activity anti the state of growth of the tissue was found. 

6. The relationship between the metabolism of the pentose and desoxypentose nucleic acids 
and  the corresponding enzymic activities is discussed. 
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T H E  A P P L I C A T I O N  OF C H R O M A T O G R A P H I C  M E T H O D S  TO S T U D Y  

T H E  I N C O R P O R A T I O N  OF a 2 P - L A B E L E D  O R T H O P H O S P H A T E  INTO 

T H E  P H O S P H A T I D E S  OF RAT LIVER HOMOGENATES* 

O. V. M A R I N E T T I  "*, J.  E R B I . A N I ) ,  M. AI..BIC, E ( ' H T  AND E I . M I ' : R  S ' I 'OTZ 
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In light of the newer paper and column chromatographic techniques for lipide fractio- 
nation ~-4 the study of the incorporation of labeled orthophosphate into the phos- 
phatides of rat liver was undertaken. The results presented in this paper show that 
liver homogenates can carry out this latter process to a small extent and that the 
lipides which become most actively labeled resemble but are not i(tentical to phos- 
phatidic acids, s In contra.nt to in vivo studies ~,3,s, lecithin and phosphatidyl ethanol- 
amine show very little incorporation in the in vitro system. 

E X P E R I M E N T A l .  

Methods and reagents 
M e t h a n o l ,  p e t r o l e u m  e t h e r  (b.p.  35"-6o:;) ,  a n d  c h l o r o f o r m  wh ich  were  nse(l  for l ipicie e x t r a c t i o n  
a n d  f r a c t i o n a t i o n  were  M a l l i n c k r o d t  ' a n a l y ' t i c a l '  r e a g e n t s .  T o t a l  l ip ide  P w a s  d e t e r m i n e d  by  a 
m o d i f i e d * * "  m e t h o d  of HARRIS AND POPAT 7 a n d  est t : r  a n a l y s e s  b y  t he  m e t h o d  of RAPPORT AND 

" T h i s  w o r k  w a s  s u p p o r t e d  in  p a r t  f r o m  G r a n t  H2o03  f rom t h e  N a t i o n a l  H e a r t  i n s t i t u t e ,  
N a t i o n a l  I n s t i t u t e  of H e a l t h ,  17.S. P u b l i c  H e a l t h  Serv ice .  

** R e c i p i e n t  of a Lede r l e  Med ica l  F a c u l t y  : \ w a r d .  
*** T h e  m e t h o d  w a s  m o d i f i e d  b y  u s i n g  ha l f  t he  a m o u n t  of p e r c h l o r i c  ac id ,  m o l v b d a t e  a n d  e lon  

r e a g e n t s  a n d  b r i n g i n g  t h e  s o l u t i o n  to  a f n a l  v o h l m e  of lO ml .  
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