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Spectrophotometric t i trat ion of two ribonuclease derivatives 

The problem of deciding what role, if any, the tyrosine residues of RNase play in 
maintaining the tertiary structure has attracted considerable attention in recent 
years. SHUGAR 1 and TANFORD et al. 2 have shown that three of the six tyrosine residues 
in RNase are anomalous, in that they can not be titrated until very high pH (above 12) 
is reached, and that when they are titrated, the molecule is irreversibly denatured. 
The other three residues are ti trated normally and reversibly (pK = IO). SCHERAGA a 
has shown that when RNase is acidified, the part of the ultraviolet spectrum due to 
tyrosine shifts to lower wavelengths. 

Two derivatives of RNase have been prepared and studied by spectrophotometric 
titration to both high and low pH. The derivatives were performie acid--oxidized 
RNase and the product of a limited pepsin digestion first prepared by ANVI~SEN 4, 
pepsin-- inact ivated RNase. A Beckman spectrophotometer with a photomultiplier 
attachment was used. The low-pH experiments were carried out in o.15 M KC1. The 
absorbance of the test solution was read using a neutral solution of equal concentration 
as a reference, and the negative difference in molar extinction at the maximum of 
the difference spectrum (287 m~ for RNase and pepsin-inactivated RNase; 284 m~ 
for oxidized RNase) was plotted against pH (Fig. I). 

When this was first done with pepsin-inactivated RNase, it was found that there 
were two steps in the titration curve, one at pH above 4, and other below pH 3. 
A plateau separated the two steps. By measuring the difference spectra of solutions 
at pH 1 and 6 compared to pH 3.5, it was found that only the former had the 
characteristic two-peaked shape indicative of a tyrosine spectral shift. The second 
step at higher pH was caused by an impurity extracted from the dialysis membranes 
in the preparation of the pepsin-inactivated RNase, since this step is absent in 
untreated RNase, but appears in similarly dialyzed RNase (Fig. I). Various treatments 
of the membranes failed to effect any significant improvement. However, as Fig. I 
shows, RNase and pepsin-inactivated RNase are very similar in their spectral 
behaviour below pH 3, the only difference being that with the latter the shift occurs 
at a pH o.5 unit higher than with RNase. 

Oxidized RNase clearly behaves quite differently. The largest value of - A e ~  
is about 35o and the curve has a slope much more like that expected for a titration 
curve than do the others. What is being observed here is presumably the neutralization 
of charged groups near the tyrosine residues, which is the explanation given by 
EDSALL et al. 5 for a similar result with tyrosine. The highest value of -Ae~84 observed 
for oxidized RNase, 35o, is about 6 times the value for tyrosine 5, which is 5o. 

The high-pH experiments were carried out in o.I M piperidine buffers adjusted 
to the desired pH with HC1 or KOH. Ae,96 (the extinction coefficient at the pH in 
question minus the extinction at neutral pH) was determined and plotted against 
the pH 6 (Fig. 2). Since our interest here is in the shape of the titration curve, and 
since the impurity in the RNase and pepsin-inactivated RNase preparations made 
concentration determinations difficult, we simply assumed that the plots for oxidized- 
RNase and pepsin-inactivated RNase levelled off at 16,ooo (the value found by 
TANFORD et al. 2 for RNase), and that the point at the highest pH for RNase fell on 

Abbrevia t ions:  RNase,  r ibonuclease;  A, absorbance;  e, molar  absorpt iv i ty  or extinction 
coefficient. 
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Fig. i. Titration curves from difference spectra 
at low pH. O Dialyzed RNase. • HNase 
(SCHERAGA3). Jr- Dialyzed pepsin-inactivated 
RNase. × Oxidized HNase. All at 287 m# 
except oxidized RNase which was done at 

284 mff. 
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Fig. 2. Spectrophotometric titration curves at 
high pH. O Dialyzed RNase (line through 
these points is from data of TANFORD et al.i). 
+ Dialyzed pepsin-inactivated RNase. • Oxi- 

dized RNase. 

TANFORD'S curve. (The impur i ty  does not  significantly change its absorpt ion in this 
range. The correction necessary was in no case larger t han  I I  %). 

Wi th  oxidized RNase it  is seen tha t  all six tyrosine residues are t i t ra ted  together 
at  a pH of 9.8. Wi th  peps in- inact iva ted  RNase there are two steps in the t i t ra t ion  
curve, bu t  this t ime they  have the relative sizes of about  5 : I. We conclude from this 
tha t  performic acid oxidation,  by  destroying the secondary and ter t iary  s t ructure  of 
the molecule 7, has also made all the tyrosine residues normal.  In  contrast ,  the limited 
pepsin digestion appears to have made normal  only two of the abnormal  residues. 

Pepsin- inact ivated  RNase, therefore, appears to be a derivat ive in which there 
is only  I anomalous  tyrosine residue, and  yet it still gives the spectral shift at  low pH. 
If we accept SCHERAGA'S in terpre ta t ion  of the low-pH effect being due to the breaking 
of tyrosine-carboxylate  bonds, it seems likely tha t  only  I of the 3 anomalous tyrosine 
residues of RNase is par t  of such a bond. If so, the other 2 mus t  be anomalous for 
some other r e a s o n - - p e r h a p s  they are hydrogen-bonded to non-ionizing acceptors. 

We would like to t hank  Professor K. LINDERSTROM-LANG for suggesting this 
problem, and  Dr. P. E. WILCOX for m a n y  helpful discussions. 
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