










EMBRYONIC CHICK PANCREAS RIBONUCLEASES I I  5 

100 

80 

60 

o 

5 

. . . . . . . . . . . . .  OL 

"6 

-~ ~-'zn~ I 
I0-~ I0-~' 10 -~ I0 -2 !0"  

D iva len t  me to l  ion  c o n c e n t r o l i o n  ( M )  

,o 

"u 

\ 
" / . 

i " /  

o --~>" "b-~ 

:4 lfi ~8 20 22 2" 
Deve[oproentcfl age (dc]ys) 

2 

c g  
"6o 

,7 
~7 
o o 

u3 

Fig. 2. Effect of bivalent metal ions on ribonuclease activity at pH 8. 4. Homogenate  of pancreas 
from 2-day chicks, containing 2I mg of protein/ml ,was dialyzed at  4 ° first against 5 mM EDTA 
in o.o5 M Tris .ItC1 (pH 7.5) and then against  o.o 5 M Tris -IICI (pH 8.3). Dialyzed homogenate  
(o.2 ml) was incubated with an assay sys tem containing 4 ° mM Tris-HCl buffer (pH 8.4), 14 mg 
of  purified yeast RNA, and bivalent metal ions ~ shown in the figure in a final volume of 4.o ml. 
To equalize the conditions of precipitat ion for each metal  ion the uranyl  acetate-perchloric acid 
reagent  contained the same ion as in the reaction mixture  adjusted to give a final concentrat ion 
after precipitation of I I mM. 

Fig. 3. I )evelopmental  changes of specific activities of Mg 2-- ribonuclease, neutral  ribonuclease 
and amvlase. Homngenates  contained ro-6o pancreases. Each point from 14 to 22 days represents  
the mean of determinat ions on at lea-st 3 homogenates,  while points for 23 and 24 days are the 
mean of 2 determinations.  Vertical bars show the range of individual values. Specific activities 
are expressed ms units  per mg protein. Data for all enzymes are from the same series of homo- 
genates. O, Mga~-ribonuclease; G,  neutral  ribonuclease; ~ ,  amylase. 

Secretion of Mg2+-ribonuclease in vitro 
Tile pattern of accumulation of Mg2~--ribonuclease during development sug- 

gested that it is a digestive enzyme. In order to test whether this is indeed the case 
we examined the ability of the pancreas from I-day chicks to secrete Mg2+-ribonu - 
clease in vitro. Table I shows that on treatment in vitro with carbamylcholine chick 
pancreas secreted Mg 2¢--ribonuclease as effectively as it secreted amylase. Since the 
specific activities of both enzymes in the medium after secretion were about 3 times 
as high as specific activities of the corresponding enzyme in the pancreas, the secretion 
must have been highly selective. Pancreas from I7-day embryos could also secrete 
Mg2+-ribonuclease under similar conditions. These experiments clearly show that 
Mg2+-ribonuclease is a digestive enzyme. 

The assay methods used were not sensitive enough to permit accurate deter- 
minations of the amount of neutral ribonuclease secreted, however, analyses indicated 
little, if any, secretion of neutral ribonuclease. In the experiment summarized in 
Table I less than lO% of the neutral ribonuclease present in the pancreas was secreted. 

Separation of ribonuclease activities on the basis of solubility 
When embryonic pancreas is homogenized in water, almost all of the neutral 

ribonuclease activity is bound to particles while most of the Mg2+-ribonuclease 
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T A B I , E  l 

S E C R E T I O N  O F  Mg 'z " - R I B O N U C I . I , ' A S E  A N D  CZ-A.MYI.ASE B Y  I S O L A T E D  P A N C R E A S  

Each vessel con ta ined  4 pam:reases from l -day  chicks (deve lopmenta l  age zz days) in 3.o ml of  
Krebs -R inge r  b i ca rbona te  medium.  Vessels were shaken  for 4 h a t  37% 

uni t s  of enzyme in med ium 
% secreted 

un i t s  of enzyme in med ium ,L un i t s  of enzyme in p a n c r e a s '  

.4 dditions 3 l g 2"-ribo n uclease A m vlase 

° b Specific activity % Specific activity 
secreted (units/rag protein) secreted (units/rag protein) 

in i~t 

medium pancreas ntedium pancreas 

None 8 2.7 4.7 12 87 109 
In-* M c a r b a m y l  choline 58 9.2 2,8 56 286 96 

activity is soluble (Table II). Addition of detergents such ms Triton X-Ion or sodium 
deoxycholate to the homogenate decreases the amount of Mg2+-ribonuclease bound 
to the particles but does little to increase the solubility of the neutral ribonuclease 
activity. Extraction of the particles containing neutral ribonuclease with salt so- 

T A B L E  I I  

S E P A R A T I O N  O F  R I B O N U C L E A S E  A C T I V I T I E S  ON T H E  B A S I S  O F  S O L U B I L I T Y  

t i omogena te  con ta in ing  45 pancreases  from I9-day  embryos  in 17 ml of water  was d iv ided  into 
equM por t ions  to which de te rgen t s  were added  as shown below. Samples  of homogena te  were 
cent r i fuged for 6o rain a t  too non × g and the s u p e r n a t a n t s  were collected. Pel le ts  were then 
suspended in med ium hav ing  the same volume and con ta in ing  the same add i t ions  ~Ls the corres- 
pond ing  supe rna t an t .  

Additions % of neutral ribonu- 0o of Mg"-,-rlbonu- 
clease activity in clease activity in 

Pellet Supernatant Pellet Supernatant 

N o n e  l o n  o z i 79 
l,o°.~ Tr i ton X - i o n  ion n x 4 80 
0.5% Sodium deoxycho la te  89 x i 6 94 

lutions, however, results in the solubilization of more than 50% of the activity 
(Table III). 

Distribution of ribonuclease activities in subcelhdar fractions 
Most of tile Mg2+-ribonuclease was found in tile IOOO × g (zymogen granule) 

fraction and in the supernatant (Table IX,'). This distribution is similar to that of 
other digestive enzymes. 

Neutral ribonuclease, on tile other hand, was located mainly in the fractions 
sedimenting at 25o × g and IOOO × g (Table IV).  Possible explanations of this 
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TABLE II1 

EXTRACTION OF NEUTRAL RIBONUCLEASE FROM PARTICLES BY SALT SOLUTIONS 

Pancreases from 2o-day embryos were homogenized in watcr (0. 4 ml per p~ncrcas). Samples 
containing 5.o ml of thc homogenate were centrifuged at ioo ooo X g for oo rain and the super- 
natant was discarded. The pellets wcrc suspcndcd in 4.o ml of cxtraction medium and the cen- 
trifugation was repeatcd. Aftcr co]Iccting thc supcrnatant the pcllct was suspended in 3.5 ml 
of cxtra~tion mcdium. Activities of neutral ribonuclea.se in the extraction medium and the pellet 
wcrc determincd. 

Extraction ° o of 
medium activity 

extracted 

Water  5 
0. 5 M KC1 50 
I.O i~I KCI 5~) 

d i s t r i b u t i o n  a re  t h a t  n e u t r a l  r i b o n u c l e a s e  is l oca t ed  in t h e  nucle i  or  p r e s e n t  in red  

b l o o d  cells c o n t a m i n a t i n g  t h e  h o m o g e n a t e .  M e a s u r e m e n t s  of  t h e  specif ic  a c t i v i t y  o f  

r i b o n u c l e a s e  a t  p H  7.2 in red  b l o o d  cells s h o w e d  t h a t  i t  is t oo  low to  c o n t r i b u t e  

s i g n i f i c a n t l y  to  t h e  n e u t r a l  r i b o n u c l e a s e  a c t i v i t y  of  t h e  p a n c r e a s  t h r o u g h  c o n t a m i -  

n a t i o n .  In  o r d e r  to  d e t e r m i n e  w h e t h e r  n e u t r a l  r i b o n u c l e a s e  is a s s o c i a t e d  w i t h  t h e  

cell nuc le i  a s u b f r a c t i o n a t i o n  was  p e r f o r m e d  on  t h e  25 ° × g f r a c t i o n  to  s e p a r a t e  

TABLE IV 

I ) I S T R I B U T I O N  O F  R I B O N U C L E A N E  A C T I V I T I E S  I N  S U B C E L L U L A R  F R A C T I O N S  

Homogenate containing loo pancreases from | -day chicks in 2o ml of medium w`aa prepared and 
fractionated ,as described under .MATERIALS ANt) METHODS. 

Fraction Centrifugal Centri- Neutral ribonuclease 31g ~*- ribonuclease 
No. force fugation 

( X g) time Units per % of Units per % of 
(rain) fraction activity in fraction activi O, in 

homogenate homogenate 

Homogenate - -  - i o .  2 i o o  5 5 3  i o o  

x 250 5 5.9 57 36 0 
2 I OOO | O  2 . ]  2 ]  1 0 3  2 0  

3 2 o o o  | 5  1.6 x6 42 8 
4 x 5 ooo 2o 0.7 7 33 o 
Supernatant  . . . .  2.3 22 243 46 

Total - -  12.6 l 24 .517 94 

nucle i  f rom u n b r o k e n  cells a n d  o t h e r  c o m p o n e n t s  of  t i le f r ac t ion .  T a b l e  V shows  t h a t  

a f t e r  c e n t r i f u g a t i o n  in 2.3 M s u c r o s O  6 m o s t  of  t h e  n e u t r a l  r i b o n u c l e a s e  a c t i v i t y  wa~ 

f o u n d  in t h e  suc rose  a n d  su r f ace  l aye r s  w h e r e a s  m o s t  o f  t h e  nucle i  (as i n d i c a t e d  b y  

I ) N A  d e t e r m i n a t i o n  a n d  m i c r o s cop i c  e x a m i n a t i o n )  were  in t h e  b o t t o m  pel le t .  T h e  

n e u t r a l  r i b o n u c l e a s e  in t h e  suc rose  l a y e r  was  a t t a c h e d  to  pa r t i c l e s  w h i c h  cou ld  be  

s e d i m e n t e d  a f t e r  d i l u t i n g  t i le  sucrose .  " the  w ide ly  v a r y i n g  r a t i o  of  r i b o n u c l e a s e  
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T A B L E  V 

SUBFRACTIONATION OF 2~O X g FRACTION BY CENTRIFUGATION IN 2. 3 M SUCROSE 
T h e  z5o X g f r a c t i o n  wa s  p r e p a r e d  f r o m  h o m o g e n a t e  o f  97 p a n c r e a s e s  f r o m  2 o - d a y  e m b r y o s  in 
t 9 mI o f  m e d i u m  a n d  t he  s u b f r a c t i o n a t i o n  wa s  p e r f o r m e d  as d e sc r i b ed  u n d e r  MATERIALS AND 
METHODS. 

Fraction Neutral ribonuclease DN.'I Protein Units of Units of 
per per neutral neutral 

Units % of units fraction fraction ribonuclease ribonuclease 
per in 250 × g (rag) (rag) per mg per mg 
fraction fraction DNA protein 

C r u d e  250 × g f r a c t i o n  3.2 lOO 4.2 22. 5 0.73 o .o i  3 

N u c l e a r  pe l le t  0.9 -8  2.o .5.8 0.4.5 o.o t 0 
Suc rose  p h a s e  l. 2 37 o. 1 ().0 12 O.Ol 8 
S u r f a c e  l aye r  I. r 3.5 o. 7 8.9 I. 5 o.o t 7 

T o t a l  3.2 100 2.8 z ~ .3 

activity/DNA in different fractions serves further to emphasize the lack of corre- 
lation between the distribution of neutral ribonuclease and the nuclei. Thus neutral 
ribonuclease activity does not appear to be associated with the majority of the 
pancreatic nuclei. However, the possibility still exists that neutral ribonuclease is 
associated with a class of pancreas nuclei sedimenting more slowly than the bulk. 
Otherwise it has to be assumed that neutral ribonuclease is attached or adsorbed to 
rapidly sedimenting partMes of unknown nature. 

S pecificities 
The specificity of Mg 2 ¢-ribonuclease towards synthetic polynucleotides has been 

T A B I . E  VI 

HYDROLYSIS OF SYNTHI-TIC POLYNUCLEOTIDES HY SOLUBLE AND PARTICLE-BOUND NEUTRAL 
RIBONUCLEASE 

.50 p a n c r e a s e s  f r o m  18-day  e m b r y o s  w e r e  h o m o g e n i z e d  in 9.o ml  of  w a t e r  a n d  t h e  h o m o g e n a t e  
was  c e n t r i f u g e d  a t  ioo  ooo x g for  Oo min .  T h e  s u p e r n a t a n t  was  r e j e c t e d  a n d  t h e  p r e c i p i t a t e  was  
s u s p e n d e d  ill 7.0 nil of  1 31 KCI a f t e r  wh ic h  ti le s u s p e n s i o n  was  a g a i n  c e n t r i f u g e d  a t  lOO 000 × g. 
T h e  s u p e r n a t a n t  w h ic h  c o n t a i n e d  3.2 m g  of  p r o t e i n  p e r  ml  was  t e s t ed  for a c t i v i t y  an  t h e  sub-  
str;~tes l is ted below.  T h e  pe l l e t  w a s  s u s p e n d e d  in 0.o ml of  w a t e r  to g i v e  a p r o t e i n  c o n c e n t r a t i o n  
of  3.4 m g / m l  a n d  t he  a c t i v i t y  of  t he  su spens ion  on v a r i o u s  s u b s t r a t e s  w a s  t e s t ed .  A s s a y  s y s t e m s  
c o n t a i n e d  1.65 m g  o f  p o l y n u c l e o t i d e  3.5 l* moles  of  E D T A  a n d  2 0 / , m o l e s  of  i m i d a z o l e  HCI 
( p H  7.2) in a v o l u m e  of  0. 5 ml.  T h e  r e a c t i o n  w a s  s t a r t e d  by  a d d i n g  o.2 m g  of  e n z y m e .  Vessels  
w e r e  i n c u b a t e d  for  2 h a t  37 ~. S a m p l e s  of  o .16 ml  w e r e  r e m o v e d  a n d  p l aced  in m i c r o c e n t r i f u g e  
t u b e s  c o n t a i n i n g  0.oO ml  of  u r a n y l  a c e t a t e  pe rch lo r i c  ac id  r e a g e n t .  O t h e r  de t a i l s  of  t h e  p r o c e d u r e  
w e r e  as dese r i lmd  u n d e r  MATI.:RIAI,S AND METtIOI)S. 

Suhstrate .\'eutral ribonuclease activity 

Supernatant Particles 
(d.4) (.'l d ) 

Y e a s t  R N A  0.06 0.34 
Po ly  IJ o . l  i 0.08 
l?oly C 0.07 0.09 
Po ly  A o o 
Po ly  1 o o 
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described elsewherO -5. It is an endonuclease which hydrolyzes both poly A and 
poly U to short-chain oligonucleotides terminating in a 5'-phosphate. Neutral 
ribonuclease hydrolyzes poly U and poly C but not poly A or poly I (Table VI). 
In this respect its specificity resembles that of bovine pancreatic ribonuclease. Both 
Mg2+-ribonuclease and neutral ribonuclease hydrolyze RNA core (the non-dialyzable 
residue remaining after the action of bovine pancreatic ribonuclease on yeast RNA), 
the former slightly more slowly and the latter slightly more rapidly than yeast RNA 
('Fable VII). Thus both enzymes differ in their specificity from bovine pancreatic 

T A B I . E  V I I  

ACTIVITY OF Mg 2+- AND NEUTRAL RIBONUCI.EASE ON R N A  CORE 

H o m o g e n a t e  of  47 pancreases from 19-(lay embryos  in 7.5 ml  o f  water  was dialyzed at 4 ° first 
against  5 m M  E D T A  in o.05 M T r i s - H C l  buffer (ptt 7.5) and then  ag~tinst o.o 5 M Tri s -HCl  
buffer ( p H  8.3). Assay sys tems  for Mg e--r ibonuclease  and neutral  r ibonuclease were as described 
under MATERIALS AND MI';TtIODS except  that  I(NA core replaced yeast  RNA where indicated.  
Incubat ion  t imes  anti a m o u n t s  of  h o m o g e n a t e  or bovine  pancreatic  r ibonuclease were such as 
to give AA -- o.33 in the Mg2"-ribonuclease assay sys tem and AA -- o. I5 in the neutral  r ibo-  
n u c l e a s e  a~ssay sys tem with  yeast  I¢,NA as substrate .  Activit ies  are expressed as A A / m i n  p e r  ml 
of  enzyme .  

Enzyme preparation, M g2--ribonuclease assay system Neutral ribonuclease assay system 

Activi ty on Ratio of Activi ty  on Ratio of  
activities activities 

Yeast R N A  R N A  core[ Yeast R N A  R N A  core/ 
R N A  cove yeast R N A  core ),east 
(A A ) (A A ) R N  A (A .4 ) (,,'1A ) RN.4  

l t o m o g e n a t e  of  r g - d a y  
pancreas o. 175 o. 108 o.() 2 o.o 15 o.o 18 i. 20 

Bovine  pancreat ic  ribo- 
nuclease (l / tg /ml )  0 .330 o o 0 .340 o . o l 2  0.03 

ribonuclease. Both soluble and particulate preparations of neutral ribonuclease 
showed the same specificity towards synthetic polyribonucleotides. In view of the 
low activity of the preparations, it is doubtful whether the slightly differing ratios 
of activity on various substrates in the supernatant and the particle fraction are 
significant. 

D I S C U S S I O N  

The separation of Mg2+-ribonuclease and neutral ribonuclease on the basis of 
their different solubilities (Table II) shows unequivocally that there are at least two 
different ribonucleases in embryonic chick pancreas. The Mg2+-ribonuclease activity 
is probably due to a single enzyme which has been partly purified and characterized 
by ELEY ANn ROTIt4, 5. It is not clear, however, whether the neutral ribonuclease 
activity is due to one or more nucleases. Both Mg 2+- and neutral ribonuclease activi- 
ties are obviously different from bovine pancreatic ribonuclease. 

Since Mg2+-ribonuclease, like amylase, is selectively secreted by pancreas in 
vitro, it is obvkmsly a digestive enzyme. All the other digestive enzymes of chick 

Biochim. Biophys. Acta, i67  ( I908)  l t o - x z t  



I20 H. HELLER, R. G. KULKA 

"I'ABI.E VIII 

RATION OF ACTIVITIES AMYLASE /.~,Igi~-RIBONUCI.EASE, AMYI.ASE/CARBOXYPEPTII)ASE AND AMY- 
LASI';/CItYMOTRYPSIN AT DIFFERENT STA(;ES OF DEVELOPMENT 

Ratios of amylase/Mg-~--ribonuclca.se were calculated from the cD.ta in Fig. 3- Ratios amylase/ 
carboxypeptidase and amylase/chymotrypsin were calculated from the data of MARCHAIM AND 
KULKA 1. 

.qge Ratio of activities 
(days) 

,;t mylase/ ;4 m3:lase / Amylase/ 
• $1g ' 2 ~ -  Carboxy- Chymotr.vpsin 
ribonuclease peptidase 

13 - -  35.o I5o 
14 250 22.0 60 
15 83 r5.o 2t 
I () ()2 7 . 7  (,. I 

t7 35 lO.O 5.3 
18 29 8.5 4.0 
19 3I 8.̀ 5 -1.3 
20 35 m.3 (~.3 
_,i z 5 ~2. 5 7.0 
22 28 ~3-7 ~.t 
23 37 I3.0 8.4 

pancreas  s tudied in this and in other  laboratories1,8,17, ts resemt)le their  mammal i an  
counterpar ts .  I t  is interest ing,  therefore, tha t  ttle role of digest ing RNA should 
be performed by  an enzyme of a conlpletely different type  from mamlna l ian  pan- 
creat ic  r ibonuclease.  Hydrolys is  of RNA by homogenates  of turkey,  cluck and pigeon 
pancreas  also depends on the presence of Mg 2+ suggesting tha t  the Mg2+-ribonuclease 
is character is t ic  of avian pancreas  in general  (H. HELLER and R. G. KULKA, un- 
publ ished ext)eriments ). As no exhaus t ive  compara t ive  studies of pancreat ic  r ibonu- 
cleases have been performed,  the evo lu t ionary  significance of the presence of Mg 2+- 
r ibonuclease in avian pancreas  is not clear. I t  should be of interest  to de te rmine  
whether  the avian or the mammal i an  type  of r ibonuclease is present  in the pancreas  
of more pr imi t ive  ver tebrates .  Al though Mg2+-ribonuelease has no coun te rpar t  among 
mammal i an  pancrea t ic  digest ive enzymes,  it  does closely resemble magnes ium-  
requir ing endonucleases present  in pig-and guinea pig-l iver nuclei19, 2° and in ra t - l iver  
ini tochondriaZlm.  

The role of the neutra l  r ibonuclease of chick pancreas  remains  a mystery .  I ts  
insolubi l i ty  as well ,as the decrease in its specific ac t iv i ty  dur ing deve lopment  seem 
to rule out the possibi l i ty  tha t  it is a digest ive enzyme. I t  may  be significant tha t  the 
specific ac t iv i ty  of neut ra l  rit)onuclease reaches a peak between 16 and 18 days  of 
deve lopment ,  just  before the ma tu ra t i on  phase of tim pancreas.  I t  would be prema-  
ture, however,  on the  basis of the da ta  presented in this paper ,  to speculate  about  a 
possible function of neut ra l  r ibonuclease dur ing development .  Perhaps  neut ra l  
r ibonuclease is not  a conlponent  of exocrine pancreas  cells but  is associated with 
some other  type  of cell whose relat ive number  falls dur ing developinent .  This hy-  
pothesis would account  for the decrease in the spec i fc  ac t iv i ty  of  neutra l  r ibonuclease 
dur ing the la ter  stages of development .  

Mg 24-ribonuclease provides an example  of yet  another  digest ive enzyme whose 

Biochim. Biophys. A cta, 16 7 (I9~'~8) i to- t z z 
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specific activity increases steeply from 18 to 22 days of development during the 
maturing phase of the chick pancreas. In a previous paper from this laboratory ~ we 
emphasised the non-parallel nature of the accumulation of digestive enzymes in the 
developing chick pancreas. Although there is no doubt that up to 16 days of develop- 
ment the activities of amylase, Mg2~-ribonuclease, chymotrypsin and carboxypepti- 
dase do not all increase in parallel, the data for 16-22 days of development need to 
be reevaluated. In Table VI I I activities of various enzymes relative to that of  amylase 
have been calculated for each developmental age. Ratios of activities amylase/chymo- 
trypsin and amylase/carboxypeptidase change markedly from 13 to 16 days of 
development, while the ratio of activities amylase/Mg~+-ribonuclease changes rapidly 
from 14 to 17 days of development. From 16 or 17 days onwards, however, the ratios 
of the activities of the various enzymes remain surprisingly constant. The data 
strongly suggest that around 17 days of development there is a shift from non- 
parallel to parallel accmnulation of enzymes. The possibility that there are groups 
of two or nlore enzymes whose activities change in parallel before 17 days of develop- 
ment (cf. ref. 2) is not, however, excluded. It is tempting to suggest that at 17 days 
there is a switching from control of synthesis of enzymes individually or in groups 
to an overal l  control mechanism common to all digestive enzymes. 
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