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INTRODUCTION 

During the past 30 years, a great deal of progress has been made in the isolation 
and identification of enzymes, coenzymes and intermediates of a large number of 
biochemical reactions. Despite the fact that  the mechanism of action of coenzymes 
is fairly well understood, we are still largely in the dark concerning the mechanism 
of action of enzymes. Numerous at tempts  have been made to simplify the problem 
and to gain further insight into it by working with enzyme models, i.e., non-enzymi- 
cally catalyzed reactions similar to those which occur biologically. Many workers 
have demonstrated the necessity of specific chemical groups, such as sulfhydryl, 
phenolic and primary amino, for the activity of various enzymes 1-4. In addition, 
certain chemical groups have been found to be non-essential for the activity of some 
enzymes 1-s. This has of course contributed to the idea that  the whole, intact protein 
may not be necessary for enzyme activity, but that  an active site of the enzyme 
may represent a small fraction of the active molecule. An analogous situation is 
found in chemical studies of protein hormones and antibodies where protein fragments 
have been isolated possessing the biological activity of the original molecule 2, 5. 

Since the classical work of SUMNER, and of NORTHROP AND KUNITZ in demon- 
strating the protein nature of enzymes, no genuine example of the persistence of 
enzymic activity after hydrolysis has been described until recently. Although final 
proof is lacking, the isolation of 3 different chymotrypsins, by KUNITZ e in 1938 may 
possibly have been the first example of this kind with reference to enzymes. More 
recently several preliminary communications have presented evidence that the intact 
enzyme molecule is not essential for enzyme activity v-12. Enzymically active dialyz- 
able fragments are formed during the autodigestion of pepsin v. Chymotrypsin s, 
lysozyme" and ribonuclease TM when digested with carboxypeptidase and divested of 
at least their C-terminal end groups, maintain full enzymic activity. Partial di- 
gestion of ribonuclease by subtilisin also yields a fully active enzyme n. Denaturation 
of ribonuclease in 8 Ill urea does not inactivate the enzyme a~. 

Crystalline ribonuclease (RNase) was selected as a suitable starting material in 
this work, since it is quite stable, has a relatively simple structure, requires no 

* This investigation was supported by funds made available from the Institutional Cancer 
Grant to the State University of Iowa, College of Medicine, and by a contract between the Office 
of Naval Research, Department of the Navy and the State University of Iowa, No. 12o-327 . 
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c o e n z y m e  or  m e t a l  ion  a n d  c a n  be  r ead i l y  a s s a y e d  13. In  a d d i t i o n ,  R N a s e  is o b t a i n a b l e  

in e l e c t r o p h o r e t i c a l l y  h o m o g e n e o u s  f o r m  a n d  is r e l a t i ve ly  i n e x p e n s i v e .  A m o n g  t h e  

v a r i e t y  of too ls  ava i l ab l e  for  d e g r a d i n g  R N a s e ,  c a r b o x y p e p t i d a s e  (CPase) d i g e s t i o n  

was  se l ec t ed  as  t h e  m e t h o d  of choice ,  s ince  th i s  e n z y m e  is n o w  u s e d  g e n e r a l l y  for  

d e t e r m i n i n g  t h e  C - t e r m i n a l  e n d  g r o u p s  of prote ins*,  14,15 a n d  is ava i l ab l e  in  c r y s t a l l i n e  

form.  
T h e  p r e s e n t  c o m m u n i c a t i o n  p r e s e n t s  ev idence  w h i c h  i nd i ca t e s  t h a t  a c o n s i d e r -  

ab le  p a r t  of t h e  c rys t a l l i ne  e n z y m e  r i b o n u c l e a s e  is n o t  e s sen t i a l  for  c a t a l y t i c  a c t i v i t y .  

A q u a l i t a t i v e  a n d  q u a n t i t a t i v e  ana lys i s  is p r e s e n t e d  of t h e  a m i n o  ac ids  w h i c h  a re  

spI i t  off, a n d  it is c a l c u l a t e d  t h a t  a p p r o x i m a t e l y  15% of t h e  res idues  m a y  be  los t  

be fo re  a n y  i n a c t i v a t i o n  occurs .  

METHODS 

Crystalline RNase was purchased from Armour and Company. Paper electrophoresis of this 
enzyme at four different pH's  (pH 4.6, 5-9, 6.8 and 8.5; ionic strength, o.12) showed only one 
protein spot. However, when the RNase was chromatographed on Amberlite IRC-5o(XE-64)* 
according to HIRS, MOORE AND STmN, two peaks were obtained, with approximately 9o% of 
the activity in one peak le. Enzyme activity paralleled the protein determinations which were 
carried out according to the method of LOWRY et al. 1~. 

The RNase assay was essentially that  described by ANFINSEN et al. TM. Four ml of o . z M  
acetate buffer, pH 5.o (containing the RNase) was incubated with i.o ml of i .o% sodium ribo- 
nucleate, for 25 minutes, a t  3o ° C. The reaction was stopped by the addition of i.o ml of o.75% 
uranyl acetate in 25% HC10 4. After stirring and centrifuging the precipitate, a o.Io ml aliquot 
of the supernatant was added to 3.o ml of distilled water, and the optical density was measured 
at 26o mp using a Beckman DU Spectrophotometer. A reagent blank and at least four s tandards 
were run with every assay. The activity of the RNase was proportional to the logarithm of its 
concentration up to 4 or 5 Pg of the enzyme. The sodium ribonucleate used was purchased from 
Nutritional Biochemicals Corp. Schwarz ribonucleic acid (RNA) neutralized to pH 5.0 gave 
essentially similar results, as did Schwarz RNA purified by acid ethanol precipitation TM or by 
repeated neutral alcohol precipitation (with o.o5 M NaCI) 2°,81. A purified RNA preparation ~ ob- 
tained from Dr. C. LAMANNA (preparation I5A) gave almost identical results in this assay system. 

Carboxypeptidase recrystallized 5 times was purchased from Pentex Biochemicals. The 
enzyme was generally washed several times and suspended in LiC1 before use 23. The CPase was 
not treated with diisopropylfluorophosphate (DFP) since our objective was to determine the 
extent to which RNase could be degraded without inactivation. 

Digests were carried out by adding CPase to RNase in LiC1 solutions, adjusting the pH 
to 7.6-8.I and incubating at e5°C for varying periods of time. Aliquots were then taken and 
diluted for RNase assay. The amino acids liberated from the RNase molecule were separated 
by descending paper chromatography and quantitatively determined by direct photometry of 
the ninhydrin spots, according to the method of ROLAND AND GROSS ~4. Six standards of each 
amino acid were run with every experiment. No amino acids could be detected upon chromato- 
graphing either CPase or RNase, incubated under the experimental conditions described above. 
In addition certain amino acids were identified by specific color reactions. Histidine was identified 
by treatment  with a freshly diazotized p-bromo aniline solution followed by spraying with half- 
saturated NazCO 3 to develop the characteristic red color 25. The color reaction for proline involved 
spraying with an isatin solution, yielding a blue color 26. Cystine was determined by t reatment  
with NatSO 3 and phosphotungstic acid zT. Bacteriological examination of several digests showed 
that  very few and in some cases no bacteria, were present before, during or at the end of the 
digestion period. 

The separation of digested from undigested RNase molecules by paper chromatography 
was carried out as follows: aliquots of controls or of digests were placed on i inch wide Whatman 
No. i filter paper strips and subjected to descending chromatography in secondary-butanol :water 
(3:I) for 15 hours at 3° C. Areas which contained the original spot and successive o.5 cm strips 
were then cut out and each strip was eluted in 4.o ml of o.zM acetate buffer (pH 5.o) for 3.5 hours 
at room temperature (approximately 23 ° C). Aliquots of each eluate were then tested for RNase 
activity and for protein concentration. 

* We are greatly indebted to Rohm and Haas Company for furnishing the Amberlite 'IRC-5o 
(XE-64). 

Re#fences p. 386. 
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RESULTS 

T h e  f i rs t  a m i n o  ac id  w h i c h  a p p e a r e d  in  a n y  q u a n t i t y  as  a r e s u l t  of t h e  d i g e s t i o n  

of R N a s e  b y  C P a s e  w a s  v a l i n e  in  a c c o r d  w i t h  o t h e r  e x p e r i m e n t s  of t h i s  t y p e  10, ~.  

T h a t  v a l i n e  is i n d e e d  t h e  C - t e r m i n a l  r e s i due  of R N a s e  h a s  b e e n  s u b s t a n t i a t e d  b y  

h y d r a z i n o l y s i s  ~,  29. T h u s ,  in  T a b l e  I ,  e x p e r i m e n t  I ,  8 of t h e  1 7 a m i n o  ac ids  in  t h e  

R N a s e  m o l e c u l e  3° were  d e t e c t e d  as  a r e s u l t  of s h o r t - t e r m  d iges t s  w i t h  n o  d e c r e a s e  

in  t h e  t o t a l  a c t i v i t y .  A s s u m i n g  t h a t  o n e  m o l e  of t h e  C - t e r m i n a l  e n d  g r o u p  v a l i n e  

h a d  c o m e  f r o m  e a c h  m o l e  of R N a s e ,  i t  a p p e a r e d  t h a t  a p p r o x i m a t e l y  7 %  of t h e  

R N a s e  m o l e c u l e s  p r e s e n t  h a d  b e e n  d iges ted .  I n  e x p e r i m e n t  2, w i t h  a s l i g h t l y  l o n g e r  

p e r i o d  of  d i g e s t i o n  s e r i n e  a n d  t h r e o n i n e  also a p p e a r .  I t  is  e v i d e n t  t h a t  m o r e  t h a n  

one  r e s idue  e a c h  of a l a n i n e  a n d  t h r e o n i n e  a r e  re leased .  A g a i n ,  t h e r e  is n o  i n a c t i v a t i o n  

of t h e  R N a s e  w i t h  t h i s  p r o g r e s s i v e  h y d r o l y s i s  of t h e  molecu le .  

TABLE I 

PRODUCTS OF THE DIGIgSTION OF RIBONUCLEAS]g WITH CARBOXYPEPTIDASE 

E x p e r i m ~  n umb~ z 2 3 4 5 6 

pMole* Amino acid Amino acids liberaltd zoo × 
gMol~ RNaa# 

Valine (9) * 7 8 17 4 ° 60 ioo 
Leucine (2) 5 5 13 27 57 60 
Phenylalanine (3) + 5 + 20 47 60 
Alanine (12) + 23 > 4 7  75 200 394 
Tyrosine (6) 3 8 2o 4 ° 4 ° 127 
Methionine (4) 3 o I9 2I 53 53 
Isoleucine (3) 3 6 17 25 80 127 
Lysine (io) 6 6 - -  29 4 ° 67 
Serine (15) o 8 26 44 + 80 
Threonine (io) o x4 > 3 5  89 93 153 
Aspartic acid (16) o o 24 28 2o xo 7 
Glutamic acid (I2) o o IX x2 + + 
Glycine (3) o o 15 25 + ioo 
Arginine (4) o o - -  o 4 ° 8o 
Histidine (4) o o - -  o 4 ° 93 
Cystine (4) o o o o o o 
Proline (5) o o o o o o 

+ :  present bu t  not  measurable; m :  not  analyzed; o: not  detectable. 

* Figures in parenthesis indicate the number  of residues of each amino acid in the RNase 
molecule, according to HIRS, STEXN AND MOORE S0. 

Experiment z :  42 mg (3 #M) of RNase and 3.3 mg (o.x #M) of 5x -washed  CPase were 
adjusted to pH 8,i in 5% LiCI (final concentration) in a total  volume of I.O ml. The t ime of 
digestion was o.5 hour. 

Experiment e : 35 mg (2.5 #M) of RNase and 2.5 mg (o.o8 #M) of CPase were adjusted to 
pH 7.6 in 1.5% LiC1 (final concentration), in a total  volume of o.5o ml. The t ime of digestion 
was 1. 5 hours. 

Experiment 3 : 1 2 6  mg (9 #M) of RNase in 5 '  xo-aM phosphate buffer, pH 7.7, and io mg 
(o. 3 #M) of CPase were adjusted to pH 7.8 in 5% LiC1 (final concentration) in a total  volume 
of o.95 ml. The t ime of digestion was 5.5 hours. 

Experiment 4 : 8 4  mg (6 #M) of RNase and 3.3 mg (o.1 #M) of 3 × -washed CPase were 
adjusted to pH 7.9 in 2.5% LiC1 (final concentration) in a total  volume of z.o ml. The t ime of 
digestion was IO hours. 

Experiment 5 and 6 : 2 1  mg (1. 5 #M) of RNase and 3.3 mg (o.i #M) of 5 ×-washed CPase 
were adjusted to pH 8.1 in 5% LiC1 (final concentration) in a total  volume of 1.o ml. The times 
of digestion were 8. 5 and 18. 5 hours respectively. 

Re/erences p. 386. 
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In experiment 3 (Table I) the molar ratio of RNase to CPase was maintained at 
3o to I as in the previous experiments but  the time of digestion was lengthened 
to 5.5 hours with the result that  several additional amino acids appeared. In experi- 
ment 4 (Table I) the relative amount of CPase was decreased but the time of digestion 
was increased to IO hours. The values for valine and other amino acids suggested 
that about 4o% of the RNase molecules were attacked, and that digestion had 
proceeded to quite an appreciable extent in these molecules. Relatively large amounts 
of valine, alan|he, tyros|he, serine and threonine were liberated. Of the seventeen 
amino acids in the RNase molecule thirteen amino acids were liberated as products 
of the digestion of RNase and no decrease in RNase activity was observed. No 
arginine, histidine, cystine or proline were found in this experiment. 

In experiment 5, with a smaller ratio of RNase to CPase, appreciable amounts 
of histidine and arginine appeared for the first time as digestion products. At this 
stage 15 of the 17 amino acid constituents of the RNase molecule had been liberated. 
I t  is noteworthy that  no significant decrease in enzymic activity occurred (94% of 
the original RNase activity was retained). 

By increasing the digestion time (experiment 6) further digestion took place, so 
that the value for the C-terminal end group was no longer used as an estimate of the 
percent digestion (see further, Table III). Four of the I2 alan|he residues, more than 
I of the 3 isoleucine residues, and I of the 3 residues of glycine have been liberated 
with little or no significant loss in RNase activity. The other amino acids were 
liberated in smaller proportions. Again 94% of the original RNase activity was still 
present after this extensive degradation. 

Some information as to the rates of liberation of various amino acids was ob- 
tained in experiment 3 and is presented in Fig. I. I t  appears that  at least seven 
amino acids, valine, methionine, glutamic acid, glycine, isoleucine, leucine and 

70- tyrosine are liberated at 
approximately the same 
rate (lower curve). Each 
point on this curve repre- 

~ .  sents an average of about 
4 determinations for each 
amino acid. After 4.5 hours 
of digestion approximately 
Io% of the RNase molecules 
had lost at least each of 

20 these seven amino acids; 
and after 8.5 hours of di- 

10- gestion approximately 19 % 
of the RNase molecules had 
been divested of each of 
these seven amino acids (in 
addition to the other amino 
acids indicated). Aspartic 
acid, serine, alanine and 

threonine are liberated much more rapidly, as would be expected, since they have 
the highest number of residues per mole of RNase, I6, I5, 12 and IO, respectively 3°. 

Re/erences p. 386. 
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However, the values for glutamic acid, which by this criterion should also appear 
in large amounts, are notably low in all digests. 

In this same experiment (Table I, No. 3) aliquots for RNase assay were taken 
at 'various intervals during the digestion. The results are presented in Table II .  There 

was no decrease from the original RNase activity at any 
TABLE I I  time during the digestion period. I t  was interesting that  

AssAY OF DIGESTED RNASE after 4.5 and 5.5 hours of digestion, the potency of the 
v,~est~, Acti~,~ RNase appeared not to diminish, but on the contrary, to 

t i  . . . .  i , , i , , g ,  increase. This increased activity has been observed in 7 
hours % 

other experiments. In general an increase of 2o% or more 
• 5 ~o3 coincided with the digestion of 5-17% of the RNase mole- 

2.5 ~ ~ ~ cules as measured by the liberation of valine. CPase did 
3.5 lO3 
4.5 1 29 not affect the enzymic activity of undigested RNase. 
5 " 5  I2I Since histidine is associated with the activity of 
6-5 to5 RNase 31 it was of interest to determine the amounts of 
8~5 Io9 

this amino acid liberated up to and including slight inacti- 
vation of the enzyme (Fig. 2). I t  is apparent that the 

first mole of histidine liberated from the RNase molecule by the action of the CPase 
preparation is not essential, whereas the second molecule of histidine liberated is 
essential to the activity of the enzyme. Simi- 
lar patterns were also obtained with arginine, 
lysine, isoleucine and valine. 

Attempts  were made to separate the 
digested from undigested molecules using 
paper  electrophoresis. In our hands, this did 
not appear  to be a sensitive enough tool, to 
accomplish the separation. In addition, the 
RNase was largely inactivated during the 
process. 

In further a t tempts  to achieve this sepa- 
ration (of digested from native RNase) the 
method of HIRS,  MOORE AND STEIN was 
employed. The elution pattern obtained 
with 700 ~g of undigested RNase from Am- 
berlite IRC-5o (XE-64) was quite typicaP 6. 

50-  

4 0 -  
o" 

3 0 -  o 

0= 2 0  
t . )  0 / /  

o 

O . . . . .  f . . . . . .  
O 1.0 2.0 

Histidine/Mole of RNose Moles Of 

Fig. 2. Correlation of moles of histidine 
liberated per  mole of RNase with in- 

activation of the enzyme. 

After only slight digestion (1.5 hours; experiment 2, Table I) an essentially identical 
elution pattern was obtained with an equivalent amount of digested RNase (Fig. 3). 
The slight displacement is not significant, but there is a difference in the height of 
the peaks. Protein determinations in general followed RNase activity. However, 
fraction number 33, at the height of the main peak of the digested sample, showed 
a specific act ivi ty of 1.28 (tzg RNase per ~g of protein in the sample). 

In taking aliquots for the determination of amino acids by the 2-BuOH-3% NH 3 
(3: I) solvent system, it had previously been noticed after chromatographing and 
staining with ninhydrin, that  controls containing RNase, or RNase plus CPase at 
zero time (no  digestion occurring) remained at the origin, whereas after digestion 
had taken place the protein streaked. This suggested a possible method for separating 
digested from native RNase molecules. Areas corresponding to the origin, 2-3 cm 

Re/erences p. 386 
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and 4-5 cm from the origin were cut out of both control and experimental chromato- 
grams. Each strip was eluted in 4.0 ml of 0.2 M acetate buffer (pH 5.0) for 3.5 hours 

2 0 0  - ~ C o n t r o l  I 

. . . .  E x p e r i m e n t a l  ! 

160 - , ' |1 

z 120 - = iAl  

40 

0 
o g ~b ig 2'o is  3b 

ml. 
Fig. 3. Elution patterns of RNase from Amber- 
lite IRC-5o(XE-64). Experimental, a io/~1 
aliquot of digest described in experiment 2, 
Table I, containing 7oo/~g of RNase, was 
placed on the column, with 112% recovery. 
The control contained 7oo ~g of native RNase 

(101% recovery). 

at room temperature. Aliquots of this 
eluate were then assayed for RNase 
activity. Very appreciable amounts of 
RNase were found in the streaked area 
below the origin on the experimental 
strips, none in the corresponding areas 
of the control strips. This indicated at 
least a partial separation of active 
digested RNase from undigested RNase 
molecules. However, the RNase which 
had migrated, and t h a t  which had 
remained at the origin could not be 
differentiated by chromatography on 
Amberlite IRC-(XE-64). Their elution 
patterns were essentially identical. 

In addition, it is of interest to point 
out that active RNase withstood treat- 
ment with CPase for 5.5 hours, followed 
by 51 hours of chromatography in 
secondary-butanol: 3% NH3 (3:1) at 

room temperature, and development of the ninhydrin color by dipping in a nin- 
hydrin-aeetone solution. Also of interest is the fact that quantitative recoveries of 
native RNase could be obtained within one or two hours after the development of 
the blue ninhydrin color. Later, there appeared to be a gradual deepening of the 
ninhydrin color accompanied by a progressive loss of enzymic activity with approxi- 
mately 67 % of the RNase activity remaining one day after staining with ninhydrin. 

In an at tempt to obtain quantitative recoveries, the chromatography was 
repeated in secondary-butanol: 3% NHs (3: I), at 3 ° C, and the staining procedure 
was omitted. The circles corresponding to the origin and successive x cm strips were 
cut .out  and eluted as before and analyzed for RNase activity. From control strips 
which contained 13oo/~g RNase, i224 i~g (94%) were recovered at the origin; none 
was found below the original spot of application. On experimental strips, containing 
a similar amount of digested RNase, only 44% of the original RNase put on the 
strip was recovered. Therefore it appeared that the native RNase could withstand 
this treatment whereas the digested RNase could not. 

To afford more quantitative recoveries of the digested RNase, the solvent system 
was changed to secondary-butanol: H20 (3:I) and the time of chromatography was 
shortened to 15-16 hours. The results of several typical experiments described in 
Table I are presented in Table III. Under these conditions it was found that native 
RNase (alone or with CPase at zero time) did not migrate and could be quantitatively 
recovered at the origin; none was detected below this point in over a dozen experi- 
ments. The % digestion was therefore calculated as follows: 

(Total RNase - -  RNase remaining at origin) 
% D  = Ioo × 

Total RNase 

A p p r o x i m a t e l y  24% of the RNase had migrated from the origin in experiment 2, 
Re/erences p. 386. 
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Table III; 95% of the enzyme activity and 96% of the protein were recovered. CPase 
is not eluted from the paper probably because of its insolubility at pH 5.0, and is 
therefore not determined by this protein method. 

T A B L E  I I I  

SEPARATION OF DIGESTED FROM UNDIGESTED R N A s E  

Di~cmc# |rat~Hvd Miceo~'nae¢~ ot RNase 

(¢m) Control Exp. • Exp. 4 Exp. 5 Exp. 6 Exp. 7 Exp. 8 

Origin I255 ,977 75 ° i I I IO9 355 43 ° 
0. 5 o x36 i i 2  i2  IO 55 79 
I . o  o- zo 4 9 1  8 I I 5o 88 
I. 5 o 89 71 xi  I2 44 9I  
2.0 o o 66 IO 7 45 x27 
2. 5 o o 75 6 4 5 ° I62 
3.0 o o 54 2 o o 88 
3"5 o o 0 o o o I74 
4.0 o o o O X34 
4-5 o o o o 96 
5.o o z z o 3 8 

5.5 o 

E x p e r i m e n t s  2 t h r o u g h  6 are those  descr ibed in Table  I. E x p e r i m e n t s  7 and  8 con ta ined  8 4 mg  
(6/~M) of R N a s e  and  3.28 mg  (o . i /~M)  of 5 × -washed  CPase  in  a t o t a l  v o l u m e  of I.O ml. The  p H  
was  ad jus t ed  to  8.z. The t imes  of d iges t ion  were o. 5 and  34 hours  for e x p e r i m e n t s  7 and  8 re- 
spec t ive ly .  I n  e x p e r i m e n t  8 the re  were  z.zo moles  of va l ine  l ibe ra ted  per  mole  of RNase.  

T h e / z g s  of R N a s e  app l i ed  to  each s t r ip  were:  control ,  I372;  e x p e r i m e n t  2, I372;  experi-  
m e n t  4, i68o;  e x p e r i m e n t s  5 and  6, 2xo; e x p e r i m e n t  7, 823; e x p e r i m e n t  8, 2520. 

An aliquot of experiment 4 was also analyzed in this solvent system. It was 
found that 39% of the total RNase and 36% of the protein put on the strip migrated 
during paper chromatography. These figures correlate very well with the 40% 
digestion obtained on the basis of the C-terminal valine analysis in experiment 4, 
Table I. Also, in this experiment, 9o% of the protein but only 73% of the RNase 
activity was recovered after chromatography. 

In experiment 5, it appeared that approximately 6o% of the RNase molecules 
had been attacked (according to the value of valine) with no significant loss in 
activity. Paper chromatography of an aliquot of the digest showed that 52 % of the 
RNase remained at the origin indicating that about 48% of the RNase had been 
digested (total recovery of RNase was 78 %). Virtually the same results on chromato- 
graphy were obtained for experiment 6. The apparent discrepancy between 50 % of 
the RNase having migrated in this system and the value of ioo% for valine in 
Table I can be accounted for by the fact that probably more than one residue of 
valine is liberated per mole of RNase. 

In experiments 7 and 8 respectively, 57 and 83 % of the RNase molecules were 
digested with no decrease in total activity. That the protein becomes less stable with 
progressive digestion is suggested by the fact that only 73 and 60% of the enzymic 
activity was recovered after chromatography. 

DISCUSSION 

It is readily apparent that all 126 amino acid residues of the protein are not required 
for full enzymic activity of RNase. Indeed, after digestion of 5-I7% of the terminal 
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valine residues (for example, Table I, experiment 3) an increase in activity of about 
20% was noticed. The precise nature of the mechanism of "stimulation" is not known. 

According to the work of WEIL AND SEIBLES 3t, histidine is important to the 
activity of the enzyme. Our data indicate that the first histidine molecule which 
came off was not essential for the full activity of RNase (Fig. 2). However, the second 
molecule was required for enzymic activity. Before the first moles of histidine and 
arginine were hydrolysed from the protein, 13 other amino acids were liberated 
(Cf. Table I, experiments 4 and 5) with no decrease in enzymic activity. An additional 
mole each of alanine and threonine were also released (Table I, experiment 2). From 
this it may be calculated that about 15°,/o of the RNase molecule was not essential 
for enzymic activity. That the entire molecule is needed for the stability of RNase 
is suggested by the loss in enzymic activity of digested protein during chromato- 
graphy. 

Paper chromatography employing the solvent system 2-butanol: H~O (3:1) has 
proved useful in separating the digested from the undigested molecules of RNase. 
Undigested and slightly digested RNase are quite stable under these conditions and 
can be recovered quantitatively. The results obtained with this method, when 
compared with the amino acid values resulting from the degradation of RNase are 
thus useful in determining the approximate range of per cent digestion. With very 
slight digestion (less than lO%) the migration values appear to be somewhat higher 
than would be expected from the amino acid data. This might possibly be due to 
artificially low amino acid values caused by the occurrence of transpeptidation 
reactions. Possible combination with CPase seems unlikely since on a single strip 
CPase and undigested RNase do not migrate in this system. 

It  is known that some crystalline CPase preparations contain trace amounts of 
trypsin and chymotrypsin. STEINBERG 31 has shown than another DFP-sensitive 
proteolytic contaminant, which is neither trypsin nor chymotrypsin, was present in 
crystalline CPase preparations. Recently GRANT AND I~OBBINS 33 have isolated still 
another DFP-sensitive proteolytic enzyme from hog pancreas, which they call 
pankrin. It  is probable that the CPase used in our experimeflts contains proteolytic 
impurities. This is borne out by comparing the order of liberation of the amino acids 
reported here with the known residues ~ of the carboxyl end of RNase. Since the 
foreign protease does not affect the activity of RNase until over 15 % of the residues 
have been hydrolysed, it will be of interest to determine the nature of its attack 
in order to gain a better understanding of the relationship between the active center(s) 
of RNase and the rest of the molecule. 
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S U M M A R Y  

On incuba t ing  r ibonuclease  (RNase) wi th  a crys ta l l ine  ca rboxypep t idase  prepara t ion ,  a n u m b e r  
of amino  acids were l iberated.  Of the  17 ami no  acids in t he  RNase  molecule,  all except  cys t ine  
and  proline have  t hus  far been q u a n t i t a t i v e l y  de t e rmined  as p roduc t s  of th i s  hydro ly t i c  reac t ion  
wi th  no loss in the  original  ac t iv i ty  of the  RNase .  Dur ing  the  ear ly  phases  of the  digest ion,  
the  ac t iv i ty  of the  R N a s e  was increased.  
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A sepa ra t ion  of t he  digested f rom the  und iges ted  R N a s e  molecules  has  been achieved  by  
c h r o m a t o g r a p h y  of t he  digests  in s econda ry -bu ty l  a lcohol :water  (3:i) a t  3 ° C for I5 hours .  The  
na t ive  R N a s e  molecules  did no t  mig ra t e  unde r  these  condi t ions  and  were qu i te  stable,  whe reas  
t he  diges ted R N a s e  molecules  mig ra t ed  and  were less stable.  The  d a t a  ob ta ined  wi th  th is  p rocedure  
correlates  r easonab ly  well wi th  the  ami no  acid de te rmina t ions  as a measu re  of the  per cent  of 
the  R N a s e  molecules  digested.  

The  e x t e n t  of  d iges t ion  t h u s  far  achieved a p p r o x i m a t e s  80 % of t he  R N a s e  molecules  present ,  
wi th  no loss in enzymic  ac t iv i ty .  I t  is ca lcula ted  t h a t  a p p r o x i m a t e l y  i 5 %  of t he  a m i n o  acid 
res idues  which  cons t i t u t e  R N a s e  are no t  essent ia l  for the  enzymic  ac t iv i ty ,  b u t  appear  to be  
necessa ry  for t he  s tab i l i ty  of t he  molecule.  
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