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SUMMARY 

I. A method is described for the purification ofa ribonuclease (polyribonucleotide 
2-oligonucleotide transferase (cyclizing), EC 2.7.7.16 ) from mature, unfertilized eggs 
of the sea urchin Psammechinus miliaris. The enzyme was purified 19 ooo-fold with 
a yield of 48 % with the aid of chloroform treatment, (NH,)2SO 4 fractionation, and by 
chromatography on Sephadex G-Ioo, on SE-Sephadex C-5o and on CM-Sephadex 
C-5o. 

2. The enzyme had a pH-optimum at 5.3-5.5. 
3. The enzyme was heat labile, loosing about 50 % of its activity in 3 min at 60 ° 

and pH 5.3, 70% of its activity in 3 rain at 60 ° and pH 2.1, and 80% of its activity 
in 3 min at 4 °0 and pH 9.0. 

4 -The  enzyme hydrolyzed yeast RNA completely to 2',3'-cyclic nucleotides, 
and finally hydrolyzed the purine cyclic nucleotides slowly to their corresponding 
3 '-isomers. 

5. The enzyme hydrolyzed guanosine 2',3'-cyclic phosphate about three times 
faster than adenosine 2',3'-cyclic phosphate. 

6. The purified enzyme was found to be free of deoxyribonuclease and non-specific 
phosphodiesterase activity. 

7. A molecular weight of about 37 ooo was estimated for the enzyme by com- 
parative gel filtration experiments. 

INTRODUCTION 

During the last few years a large number of ribonucleases from various plant and 
animal sources have been investigated and more or less extensively purified (see 
refs. I and 2). Besides their major interest for comparative biochemistry, the investi- 
gations also have played an important role as aids in the structural analysis of the 
different RNA's involved in the biosynthesis of proteins. Very little is, however, known 
about the role the different ribonucleases play in the metabolism of the RNA, although 
it is well-known that processes such as maturation, fertilization and early differen- 
tiation of the cells greatly affect the state of the RNA (see refs. 3-5). Since sea-urchin 
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eggs long have served as an excellent material in studies of these early cell processes, 
an investigation of their ribonucleases was of great interest in this respect. 

Our investigation has so far resulted in the isolation of a ribonuclease from 
mature, unfertilized eggs of the sea urchin Psarnmechim~s miliaris ~. The present report 
describes the purification procedure and some of the properties of the purified enzyme. 

EXPERIMENTAL 

Source of the enzyme 
Mature, unfertilized eggs of the sea urchin P. miliaris, were collected at the 

Zoological station, Kristineberg. The ovaries were cut open and the outflowing eggs 
were collected in sea water and thereafter passed through bolting silk. The eggs were 
further washed by suspending them in sea water. After slow centrifugation the eggs 
were lyophilized. 

Subslrates 
Yeast RNA (Schwartz BioResearch, N.Y.) was extensively dialyzed against 

distilled water before use. Highly polymerized DNA was obtained from N.B.C., Cleve- 
land. Cyclic ribomononucleotides, ribonucleoside phosphates and ribonucleosides were 
obtained from Sigma, St. Louis and Schwartz BioResearch, N.Y. Cyclic mononu- 
cleotides were purified before use by paper electrophoresis in 0.o5 M ammonium bicar- 
bonate. Bis-p-nitrophenyl phosphate was a commercial product of Sigma, St. Louis. 

A ssm,s 
Ribonuclease activity- was assayed essentially according to the procedure of 

DICKMAN, AROSKAR AND KROPF 7, using a 1% solution of RNA. Incubation was carried 
out at pH 5.0 and 25 ° for 25 rain. After precipitation and centrifugation, 0.50 ml of the 
supernatant was diluted with 2.0 ml water. The amount of sea-urchin ribonuclease 
required to cause an increase in the 26o-m# absorbance of o.Io was defined as one 
unit of ribonuclease activity. Cyelic-phosphatase activity was assayed according to 
the procedure of JOSEESSON AND LAGERSTEDT s with the following modifications. 
Incubation (IO #1) was carried out in 0.05 M sodium acetate buffer (pH 5.0) and con- 
tained o.Io #mole of 2',3'-cyclic ribonucleotide and about 2.5 units of ribonuclease 
activity. At zero time and after 60 and 12o min reaction time, 2-#1 samples were 
withdrawn from the incubation mixture and applied to thin-layer plates. The thin- 
layer plates were developed by using isopropanol-ammonia-water (65 :IO :25, by vol., 
for adenosine and cytidine phosphates; 55:2o :25, by vol., for guanosine phosphates; 
60 :IO :30, by vol., for uridine phosphates) as solvent. The nucleoside 3'-phosphates 
were extracted with 0.2 ml of o.oi M HC1. Adenosine 3'-phosphate was assayed at 
258 m#, cytidine 3'-phosphate at 278 m/~, guanosine 3'-phosphate at 256 m# and 
uridine 3'-phosphate at 259 m#. The amount of sea-urchin ribonuclease hydrolyzing 
I ffmole of cyclic mononucleotide per min was defined as one unit of cyclic-phosphatase 
activity. Deoxyribonuclease activity was assayed according to the method of SCHNEI- 
DER AND HOGEBOOM 9, the reaction mixture containing 0.05 M sodium acetate buffer 
(pH 5.0) and o.oi M MgSO 4. Incubation was carried out for 60 rain at 25 °. Non-specific 
phosphodiesterase activity was assayed according to the procedure of ImE :xxD 
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UKITA 1°. Incubation was made at 25 ° for 2 h in o.Io M sodium acetate buffer (pH 5.o) 
and o.Io M MgSO 4. 

Identification of cyclic ribonucleotide digestion products 
o. io / ,mole  of adenosine or guanosine 2',3'-cyclic phosphate was incubated at 

25 ° overnight in o.Io M sodium acetate buffer (pH 5.30) with 2 units of ribonuclease 
activity. Identical incubations without enzyme served as controls. The incubation 
products were separated by  chromatography on 20 cm × 20 cm thin layers of MN 300 
cellulose (Fa. Macerey, Dfiren). Solvent : satd. (NH4) 2S04-I M sodium acetate (pH 6.0)- 
isopropanol (80: i8:2, by  vol.)11. The corresponding nucleosides, nucleoside 3'-phos- 
phates, nucleoside 2'-phosphates and nucleoside 2',3'-cyclic phosphates served as 
references. 

Paper electrophoresis 
Electrophoresis was carried out essentially according to Method B of INGRAM 

AND PIERCE TM on a cooled metal  plate in 20 ~o acetic acid TM adjusted to pH 3.0 with 
conc. ammonia and using Whatman 3 MC paper. 

Estimation of purification 
As an indication of enzyme purification, the ratio of units of activity per ml to 

28o-m# absorbance was chosen. 

Estimation of molecular size 
The molecular size of the sea-urchin ribonuclease was determined with the aid of 

Sephadex G-Ioo (Pharmacia, Uppsala) according to the method of ANDREWS14,15. 
As reference substances, crystalline bovine pancreatic ribonuclease (Armour, East- 
bourne), 2 × crystalline pepsin (Worthington Biochem., N.J.) and crystalline bovine 
serum albumin (Armour, Eastbourne) were used. 

Isolation and purification of the enzyme 
All operations were performed in a cold room at 4 °, unless otherwise stated. 

Preparation ofhomogenate. Lyophilized eggs of the sea urchin (4 g) were homogen- 
ized with simultaneous cooling in an ice-bath for 2 min (Potter-Elvehjem homogenizer, 
2200 rev./min) in 4 equal batches with o.Io M acetic acid (25 ml). The insoluble material 
was centrifuged off (27 ooo x g, 15 min and o °) and the slight yellow supernatants were 
collected. The sediments were washed with o.io M acetic acid (3 ml) and the centri- 
fugation was repeated. The supernatants were combined (128 ml, Fraction I, Table I) 
and the sediments were discarded. 

Extraction with chloroform. The combined supernatants were shaken for 30 rain 
with i vol. of cold chloroform (b.p. 61°) and 2 ml of I-octanol (b.p. 195°). The phases 
were separated by  centrifugation (7000 × g, 15 rain and o°). The clear yellow aqueous 
phase was collected, evaporated for 15 min in vacuo and then lyophilized. The red- 
yellow powder was dissolved in distilled water (IO ml). A small insoluble red-brown 
residue was centrifuged off (27 ooo × g, 15 min and o °) and the clear yellow supernatant 
was collected. The sediment was washed with a small volume of distilled water and the 
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centr i fugat ion was repeated. The superna tan t s  were combined (lO.6 nil) and the sedi- 
ment  was discarded. 

Frac t iona t ion  wi th  ( N H 4 ) 2 S O  4. The combined superna tan ts  were adjusted to 
pH 3.5 with formic acid (98-1oo%).  Cold o.Io M sodium formate buffer, pH 3.5 (8.45 
ml), sa tura ted  with (NHa)2SO 4, was slowly added to the solution with cont inuous 
stirring and the solution was then left for 2 h with in t e rmi t t en t  shaking. The precipi tate 
which formed on s tanding  was centrifuged off (12 ooo ~ g, 2o rain and o )  and disearded. 
The clear yellow superna tan t  (17.8 ml) was collected and solid (NH4),,SO 4 (3.2 g) was 
slowly added to the solution. The solution was stirred cont inuously  unt i l  all salt was 

TADLE l 

P U R I F I C A T I O N  O F  R I t 3 O N U C L E A S I ' ;  F R O M  U N F F . R T I L I Z I r - I )  E G G S  OF  T H E  S E A  U R C H I N  [9. tt~i[iaViS 

Figures are given for 4 g of lyophilized eggs. 

Fraction l'olume .l 2~ ~..~ Ribonuciease aclivih, Vield 
(mU (%) 

per . l e s ~ ,  m,~ 

I.  Acid homogenate t28 , 0 .  5 9 . 2 o  o .b7( )  l(>(, 
2. ( N H 4 ) 2 S ( )  ~ precipitate 1. 7 I o . 0  ()t 7 .St,.I, Sq 
3" Pooled active fractions of Sephadex 

G-loo effluent 22.5 o.o53 .t3.5 .'¢2 t ~3 
4. Pooled active fractions of SE- 

Sephadex C-5o effluent 1 .2  I . ) .208  ()OO 2 S S O  ()1 

5. Pooled active fractions of CM- 
Sephadex C-5 o effluent 3,4 O . O l O  I() 5 ' { '  5 ' ) O  -t 8 

dissolved and then left overnight.  The precipitate which formed on s tanding was 
collected by  centr i fugat ion (12 000 *: g, 2o rain and o °) and the superna tan t  was 
discarded. The precipitate was easily dissolved in distilled water to a slightly red 

solution (Fract ion 2, Table I). 

Chromatography  on S e p h a d e x  G-zoo.  The clear solution (1. 7 ml) was applied to 
a 1.7 e m ×  61 cm colunm of Sephadex G-ioo (Pharlnacia,  Uppsala), prepared in and  
equi l ibrated with 0.047 M sodium acetate solution. The column was eluted with the 
same solvent  at a cons tant  flow rate of 20 ml per h. Fract ions of 2 ml were collected 
and  analyzed for 28o-m# absorbance and for ribonuclease activity.  The active fractions 

were pooled (Fract ion 3, Table I). 

Concentra t ion  on S E - S e p h a d e x  C-5o.  The enz),me solution (22.5 ml) was adjusted 
to pH 4.5 with glacial acetic acid and was then applied to a o.58 cm ~ 4 cm coluum of 
SE-Sephadex C-5o (Pharmacia,  Uppsala). The colunm was prepared according to the 
directions of the manufac turer  and equi l ibrated with o.o47 M sodimn acetate buffer 
(pH 4-5)- After the ini t ial  charge and a brief wash with the buffer, the column was 
washed with o.Io M sodium acetate, which eluted the enzyme. Fract ions  of o. 4 ml 
were collected, assayed for ribonuclease act ivi ty,  and those containing the ac t iv i ty  

were pooled (Fraction 4, ] 'able I). 
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Chromatography on CM-Sephadex C-5o. The enzyme solution (1.2 ml) was 
adjusted to pH 4.8 with glacial acetic acid and was then applied to a 0.5 cm × 35 cm 
column of CM-Sephadex C-5o (Pharmacia, Uppsala). The column was prepared in and 
equilibrated with o.Io M sodium acetate buffer (pH 4.8). After an initial wash with 
the buffer the column was eluted at a constant flow rate of 5 ml per h, with an increasing 
NaC1 gradient. The gradient was developed by pouring I M NaCl-o. IO M sodium acetate 
buffer into a constant volume nfixing chamber containing 75 ml of the buffer. Fractions 
of 0. 7 ml were collected by a drop counter. They were analyzed for 28o-m# absorbance 
and for ribonuclease activity and the active fractions were pooled Fraction 5, Table I). 

RESULTS 

Purification 
The results of a typical purification experiment are given in Table I. The high 

increase of the specific activity when expressed as units per ml per A 2.~0 ms, almost 
19 ooo-fold, was not always obtained, but varied from IO ooo-fold to 2o ooo-fold in 
several experiments owing at least part ly to variations in the original content of 
activity of the various egg batches used. 

The ribonuclease activity was obtained as a well-defined peak after chromato- 

05 

0.4 

0,2 • ". 

O - -  I ,, , .., 
20  40 60  

Fraction number 

Fig. I. Ch lomatography  of sea-urchin ribonuclease 

100 

\ 

8D 

.) on Sephadex G-loo. 1 .7ml of an 
(NHl)2SO4-precipitated enzyme solution, equivalent  to 4 g of lyophilized sea-urchin eggs, were 
applied in the cold room to an i. 7 em × 61 cm column, equilibrated and eluted with o.o47 M 
sodium acetate. Flow rate, 2o ml/h. Effluent collected in 2-ml fractions. A2s 0 m, ( - - - - - - ) .  

graphy on Sephadex G-Ioo, and in high yields. A representative elution pattern is 
shown in Fig. I. The very minute amounts of enzyme available and the low stability 
of its activity necessitated the concentration procedure on SE-Sephadex, although 
this purification step involved a relatively great loss of activity. In the final puri- 
fication step on CM-Sephadex, the enzyme was eluted in a single peak, as may be seen 
from a typical elution pattern given in Fig. 2. Although extensively purified, the en- 
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Fig. 2. C h r o m a t o g r a p h y  of" sea-urchin  r ibonuclease  ( . . . )  on CM-Sephadex C-5o. 1.2 nil  ot an 
enzyme  solut ion,  concen t r a t ed  on SE-Se pha de x  and e q u i v a l e n t  to 4 g of lyophi l ized  sea-urchin  
eggs, was appl ied  in the  cold room to an o. 5 cm × 35 cm column.  The co lumn was equ i l i b ra t ed  
wi th  O.lO M sod ium ace t a t e  buffer (pH 4.8), and  e lu ted  by  a g rad ien t  deve loped  by  using i M 
NaC1 ( . . . . .  ). F low rate,  5 ml/h.  Eff luent  col lected in o.7-ml fract ions.  A,~ 0 ml* ( . . . .  )- 

zyme certainly was still not pure, because no corresponding peak in the absorbance at 
28o m# was obtained. 

The enzyme preparation gave no significant increase in absorbance when tested 
for deoxyribonuclease activity, with 12 units of ribonuclease activity added to the 

0.3  

0.2 

O I I 
4.0 6.0 110 210 

I I t 
5,0 

pH 

I 
i i 

0i 0 

Fig. 3. Inf luence of p H  on sea-urchin  r ibonuclease  ac t iv i ty ,  I n c u b a t i o n s  (t ml) were carr ied  out  
in o . Io  M sod ium ace t a t e  buffers (ionic s t r e n g t h  was a d j u s t e d  to  o . to  wi th  NaC1) and con ta ined  
each, l . i  % yeas t  R N A  and 2. 3 un i t s  of r ibonuclease .  Diges t ion  a t  25 ° for 25 min.  

Fig. 4" S t a b i l i t y  of sea-urchin  r ibonuclease  ac t iv i ty .  Each  tes t  so lu t ion  (I.I ml) con ta ined  
7o.3 un i t s  of r ibonuclease .  Samples  of o. i  ml were w i t h d r a w n  for assays  as ind ica ted .  (7), o .oi  M 
HC1 (pH 2.1 and 6o°); Q, o.o 5 M sod ium ace t a t e  buffer (pH 5.3 and  6o°); UJ, o.o5 M sod ium 
bora te  buffer (pH 0.o and  4o°). All t e s t  so lu t ions  were ad jus t ed  to  an ionic s t r e n g t h  of o.o 5 wi th  
NaC1. 

incubation, or for non-specific phosphodiesterase activity, with 20 units of ribonuclease 
activity added to the incubation mixture, according to the assay procedures described 
in E X P E R I M E N T A L .  
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Effect of various enzyme concentrations 
An investigation of the dependence of A A 360 mu on enzyme concentration 

showed a linear correlation to a maximum of o.5 for A A 280 mu. 

Effect of pH 
The sea-urchin ribonuclease showed a rather sharp maximum activity at pH 5.3 

to 5-5, when the effect o f p H  was investigated in o.Io M sodium acetate buffers (Fig. 3). 

Stability 
The stability of sea-urchin ribonuclease was determined at pH 2.1, 5.3 and 9.o 

at 4 °0 and 60 ° (Fig. 4). The enzyme appeared to be rather heat labile in comparison 
with other ribonucleases. Solutions of the purified enzyme were unstable when stored 
at 4 °. Frozen preparations, however, retained their activity for more then 2 years. 

Molecular size 
An investigation of the molecular size of the sea-urchin ribonuclease was made 

by comparative experiments with proteins of known molecular weight utilizing gel 

100 

.I,0 I 51 

Log Hotlcutar weight 

Fig. 5. Plot of elution volume, Ve, against  log (mol. wt.) for proteins on a Sephadex G-Ioo column 
(1. 7 cm × 59 cm). The column was equilibrated and eluted at  room tempera ture  wi th  0.5 M 
a m m o n i u m  acetate at  a rate of  IO ml/h  with the aid of a cons tant  p u m p  device. Ei ther  IO mg 
each of serum albumin, pepsin and pancreatic ribonuclease or io mg each of serum albumin,  and 
pepsin and 117 units  of  sea-urchin ribonuclease activity were applied in I.O ml of  0.50 M ammo-  
nium acetate to the column. Effluent was collected in I .o-ml fractions, which were read at  280 m/z 
and assayed for ribonuclease activity. Values are averaged for 2 separate exper iments  of the two 
kinds of  protein mixtures,  which were run successively on the same column. Arrow indicates value 
for sea-urchin ribonuclease. Q, bovine serum albumin dimer; ©, bovine serum albumin;  &, 
pepsin;  [],  bovine pancreatic ribonuclease. 

filtration on Sephadex G-Ioo. With the assumption that  the same relation between 
molecular weight and Ve, as found for the reference proteins, is valid for this ribonucle- 
ase the Ve obtained gave an estimated molecular weight of about 37 ooo for the purified 
enzyme (Fig. 5)- 
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S /~eci ficity 
Products q[ total digestion of RNA. Incubations of the purified sea-urchin ribo- 

nuclease with yeast RNA were analyzed by paper electrophoresis and thin-layer 
chromatography after various incubation periods at 25:'. After shorter incubation 
times oligonucleotides were identified as early products/sh~s 2' 3'-cyclic nucleotides 

[;ig. (>. ( )he -d imens iona l  e lcc t rophorcs i s  p a t t e r n .  \ V h a t m a n  3 MC p~per,  eO'~,, ate'tic a.cid con( .  
X H  a, (p i t  3.0). Electrophoresis  took 3 h  a t  25oo V, appl ied  t(~ 5 7 c m  • t 5 c m  tmp~'r aeeordin:,, 
to Method B of lxc, t~axl .xxr) t)t~_m:Fc ~. 1, 2()o llg yeas t  I{N:\  kep t  in eS/ t l  of o . o - M  s o d i u m  
ace t a t e  buffer  (pH 5-3), [()r 24 h and  25'.  2, re ferences  ( f rom right  to  lefl):  1:-_,',3'-P; l:- 3' p ;  
G - e ' , 3 ' - P ;  ( ;-3 '  P ;  :\-e' ,3"-P: :\-3"-P; ( ' - - " ,3 ' -P ;  ( ' -3 '  P; C; (; ;  and  .\. 3, -,o,~/<g \,<~st R N \  
and 5.7 units  of  sea urchin ribonuclease kep t  m 2 5 / d  of  <).o2 M s()<lium ace l a t e  lmffer (plf  5.3), 
for 24 h and  -'5". Ident i f ied p r o d u c t s  ( f rom right to  left):  [.-_,',3'-P; (;-2",3'-I'; (; 3'-1'; \ - : ' , 3 '  P;  
A-3"-P; (" 2",3"-P and  (; (traces).  Spo t s  of  unidentif ied products  represent tr~u:cs of  ~digonucle.-  
t ides.  4, o. I u m o l e  of  each of tile 2 ' ,3 '-cyclic r ibonuc leo t ides  and  5.7 uni t s  of sc~t-UlTchin rib<mu~ Ieasv 
k e p t  in 25l~1 <)f o.o2 M sod ium acetate  buffer  (pH 5.3), for  " t  h and  25'. Identi t icd products  
( f rom right to  left):  l: 2',3" P;  (; -",3"-P; (;-3" P ( t races);  :\ 2 ' ,3"-P; \ - 3 '  P (tr;u 'es);  and ( 2".3"-P. 
5, references as (2). (~, o. l Hmole of  each of  t he  2' ,3 '-cyclic r ibonuc leo t ides  kep t  in 2-~ :,1 ~,f ,>.o_, M 
s o d i u m  acetate  buffer  (pH 5.3), fiw 2 t h and  25 <'. 

which increased in amount as the digestion time was lengthened, l)uring extensive 
digestion periods the purine cyclic nucleotides slowly underwent hydrolysis to their 
3'-nucleotides, while no parallel hydrolysis of the pyrimidine cvclic nuc!c~)tides was 
observed (Fig. 6). Small amounts of guanosine were also identified among the products 
indicating 3'-nucleotidase activity (Fig. 6). After prolonged incubations the traces of 
oligonucleotides disappeared completely. 

II3,drol3,sis of 2', 3'-cyclic nucleotides. Investigation of the cyclic-phosphatase 
activity of the purified sea-urchin ribonuclease on synthetic substrates confirmed that 

T A B I . E  II 

C Y C L I C - P H O S P H A T A S I ' ;  A ( T I V I T I E S  O F  P U R I l q E I )  S E A - U R C H I N  R t t 3 O N U C L E A S I (  

Subsla'ah; Cydic-pkospha!ase 
aclivilv 
(muuits/~ni~s ~: 
~'it~ol~uc!ease c~c!i~:il., ) 

Adenosine  e',3'-cyclic phosphate  o.04 
Guanosine  2',3'-cyclic phosphate  o. 13 
Cvtidine 2',3'-cyclic phosphate  o.oo 
Uridine 2',3'-c3~clic phosphate  o.oo 
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the enzyme was capable of splitting only the purine 2',3'-cyclic nucleotides and had no 
action on the pyrimidine 2',3'-cyclic nucleotides under the same conditions (Fig. 6). 
Quantitative analysis of the hydrolysis revealed that guanosine 2',3'-cyclic phosphate 
was hydrolyzed about 3 times faster than the corresponding adenosine derivative 
(Table II). Chromatographic analysis also proved the 3'-isomers to be the product of 
the hydrolysis of the purine cyclic nucleotides. 

According to the specificity analysis sea-urchin ribonuclease thus digests yeast 
RNA completely to 2',3'-cyclic nucleotides and then hydrolyzes the purine cyclic 
nucleotides at a slower rate to their corresponding 3'-isomers. 

DISCUSSION 

The very minute amounts of enzyme present in the egg material as well as 
difficulties in collecting large batches of egg material limit the possibilities of purifying 
the sea-urchin ribonuclease in sufficient amounts for its chemical investigation. Know- 
ledge of the sea-urchin ribonuclease is, however, of importance in work attempting to 
determine its role in the cell processes connected with the early development of the 
sea urchin. 

Considering the properties of the sea-urchin ribonuclease, its optimal pH of 
5.3-5-5 compares with the values of 5.3 for the spleen-acid ribonuclease 16, 5.1 for 
tobacco-leaf ribonuclease 17, 5.5 for pea-leaf ribonuclease is, 5-6 for spinach ribo- 
nuclease 19 and 5.5 for ryegrass ribonuclease 2°. The heat-labile character of the sea- 
urchin ribonuclease is unusual among the ribonucleases and can be compared only with 
the stability observed for the spleen-acid ribonuclease 16 and for the pea-leaf ribonu- 
clease is. 

Similar to the ribonucleases obtained in a purified state from plants and in con- 
trast to pancreatic ribonuclease and other animal ribonucleases, the sea-urchin 
ribonuclease completely hydrolyzes yeast RNA to 2',3'-cyclic nucleotides. In addition, 
the specificity of the sea-urchin ribonuclease to hydrolyze only the purine 2',3'-cyclic 
nucleotides to their 3'-isomers and not the corresponding pyrimidine nucleotides, is 
parallelled only by the ribonucleases of tobacco leaf 21 and ryegrass~°m. 
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