
Biophysical Chemistry 17 (I 983) 1 I I- 118 
Elsevier Biomedical Press 

111 

EFFECT!3 OF NEUTRAL SALTS ON THE CIRCULAR DICHROISM SPECI-RA OF 
RIBONUCLEASE A AND RIBONUCLEASE S 

Rami ALMOG 

Center for Laboratories and Research. New York Stare Deporrment of Health. Albany, NY 12201. U.S.A. 

Received 14th May 1982 
Accepted 22nd October 1982 

Key wor&: Circular dichroism; Protein; Ribonuclease A; Ribonuclease S 

The circular dichroism (CD) spectra of ribonuclease A, ribonuclease S, and N-acetyltyrosineamide were recorded as D 
function of pH in the presence of various concentrations of inorganic salts. Above pH 9.0 salting-in of tyrosine r&dues 
increases their intramolecu!ar associations. TJk association enhances the contribution from these residues to the CD spectrum 
leading to an apparent titration curve that is shifted toward lower pH. The data indicate that unfolding of ribonuclease A and S 
by inorganic salts does not begin with disrupting existing electrostatic interactions. But, as the unfolding process progresses, 
disruption of electrostatic interactions may take place. This is consistent with our previous calorimewic studies which suggest 
that unfolding of ribonuclease A by salts proceeds initially by energetically favorable salvation of the folded protein. An 
increase in ellipiticity at 275 nm of partially unfolded protein in salt was observed as the pH was changed from 7.0 to 4.0. TJGs 
observation may suggest that the isothermal unfolding of the protein by salts at low pH proceed? through an intermediate step 
which involves histidine residues and causes a conformational change in the tyrosine’s asymmetric environment. 

1. Introduction 

In our previous studies [l] we have measured 
the enthalpies of transfer of ribonuclease A from 
buffer to solutions of guanidine hydrochloride, 
urea, CaCl, and LiCI. These experiments sug- 
gested that unfolding of the protein in guanidine 
hydrochloride proceeds by preferential solvation 
of the folded protein. However, it was uncertain 

whether the isothermal unfolding of the protein by 
inczganic salts proceeds in the same manner [l]; 
specifically, whether there is a significant contribu- 
tion from disruption of electrostatic interaction to 
the isothermal unfolding of the protein_ 

Thermodynamic quantities depend only on the 
initial and final conformational states. They give, 
therefore, little detail on subtle conformational 
changes or structural alteration. Structural infor- 
mation on conformation changes can be derived 
from spectroscopic techniques. In this investiga- 
tion, the CD method has been used to extend our 

previous stcdies, and to gain a better understand- 
ing of the isothermal unfolding process of 
ribonuclease by inorganic salts. 

Von Hippel and Wong [2] have studied the 
effect of inorganic salts on the thermal unfolding 
of ribonuclease A at neutral pH by following 
changes in the specific optical rotation at 366 nm. 
Their elegant work has contributed greatly to the 
understanding of the effect of salts on the thermal 
unfolding of proteins but little structural informa- 
tion could be obtained from measurements of 
specific optical rotation at one wavelength. 

In recent years the CD technique has become a 
powerful tool for characterization of protein con- 
formations [3]. It has been used to study the 
effects of various unfolding agents on the structure 
of ribonuclease [3-71. Ahmad and Bigelow [4] 
have studied the isothermal changes in the far-ul- 
traviolet CD region at 220 nm of ribonuclease A 
resulting from addition of inorganic salts and urea 
at pH 3.0. They characterized the final end prod- 
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ucts of the transition produced by these agents in 
terms of changes in the secondary structure_ 

2.2. Method 

CD studies of the isothermal unfolding process CD spectra were measured with a Jasco spec- 
by inorganic salts as a function of pH. in the tropolarimeter Model ORD/UVS with a CD at- 
near-ultraviolet region. can contribute to a better tachment operating at a sample-compartment tem- 
undersrsnding of the role that electrostatic interac- perature of 26-G27.0°C. Samples were prepared 
tions play during that process; i.e.. whether elec- in calibrated 5.0-ml volumetric flasks by adding 
trostatic interactions are involved in maintaining known volumes of appropriate stock solutions of 
the native structure of ribonuclease and what ribonuclease or N-acetyltyrosineamide in 0.16 N 
structural changes. if any, occur upon disrupting KCI. Salt solutions at appropriate concentrations 
these interactions_ However, there are few data were prepared from concentrated stocks, which 
available in this respect. were filtered (Millipore 0.22 pm) when necessary. 

The CD spectra of ribonuclease A and S and of 
iv-acetyltyrosineamide were recorded, mainly in 
the near-ultraviolet region. as a function of pH in 
the presence of various concentrations of alkali 
and calcium salts. Ellipticity changes in this region 
represent contributions mainly from tertiary struc- 
ture (tyrosine residues and disulfide bands). The 
contributions from tyrosine residues are probably 
predominant_ since changes in the contributions 
from disulfide bands to the ellipticity should be 
relatively very small as a function of pH. 

The temperature was controlled by a Haake 
constant temperature circulator and was measured 
by inserting a calibrated thermistor attached to an 
Atkins Therm0 Probe inside the empty cell before 
each measurement. The pH was measured with a 
Radiometer pH meter. 

2. Experimental 

Ribonuclease A (type XII-A), ribonuclease S 
(type XII-S). and N-acetyl-t_-tyrosineamide v:ere 
purchased from Sigma Chemical Co. All inorganic 
salts were obtained from Fisher. and were reagent 
grade. The proteins were purified by passing 
through a mixed-bed ion-exchange column (Rohm 
and Haas Amberlite ME-l). The pH of the 
rihonuclease A solution (eluted with disrilled water) 
as it came off the column was between 9.6 and 9.7, 
in agreement with the value of 9.60 reported previ- 
ously [Xl. For ribonuclease S the pH was 9.4-9.5. 
The protein solutions were lyophilized at con- 
centrations below 1% to avoid aggregation [9]. 
Protein concentration was determined by dry 
weight measurements and compared with de- 
terminations using a value of 9800 for the molar 
extinction coefficient of the native ribonuclease at 
277.5 nm [IO]. LiCl and LiClO, were heated under 
vacuum at 150°C for 24 h before use. Doubly 
distilled water was used throughout_ 

Measurements were made in fused silica cells of 
calibrated path length. The light-path length was 
1.0 cm for all measurements between 260 and 300 
nm and 0.1 cm for measurements below 260 nm. 
In the near-ultraviolet region 0.6-0.8 mg/ml solu- 
tions of ribonuclease A or ribonuclease S and 
0.3-O-45 mg/ml solutions of N-acetyltyrosinea- 
mide were used; in the far-ultraviolet region 
0.2-0.25 mg/ml solutions of ribonuclease A were 

used. Spectra were recorded with the two most 
sensitive scales (1 or 2 mdegree/cm of chart paper). 
Molar ellipticity [0] in degree cm2 cmol- ’ was 

calculated as 

[Bl= 
@,,,MW (or mnv) 

IOdc 

where B‘,bs is the observed ellipticity (in mdegree), 
C the concentration (in mg/ml), d the path length 
(in cm), MW the molecular weight, and mrw the 
mean residue weight. which for RNase A and 
RNase S was taken to be 110.5. Baselines were 
obtained wi:h the same cell and conditions under 
which the spectrum of the sample was taken. 

The instrument was calibrated with D-( -)- 

phenytglycine (1.03 mg/ml) in 0.1 HCl using a 
0.102-cm cell. The maximum [ 01 at 218 nm was 
assigned as + 34 000 degree cm’ cmol- ‘, the value 
obtained by Verbit and Heffron [l I]. 



3. ResuIts Table I 

3.1. EMiplicity changes in the CD speerrunz of 

ribonuciease tcpon isothermal unfolding 

The effect of pH and CaCI, concentration on the ellipticity at 
220 nm 

The pH was adjusted with HCI or NaOH. At 0 M CaCI,, 0.16 
N KC1 was present. 

Inorganic salts such as LiCI or CaCl, unfold 
ribonuclease A and S and diminish the ellipticity 
throughout the CD spectra of the proteins. The 
changes in the CD spectrum of ribonuclease A are 
shown (fig. 1 and table I). Fig. 1 also shows the 
changes in the near-ultraviolet CD of ribonucIease 
on addition of 30% dioxane. Addition of 70% 
aqueous dioxane produced a spectrum that looked 
similar to that in 7.0 M LiCI. The unfolding curves 
(shown only for ribonuclease S) in fig. 2 represent 
a two-state process at 239 and 275 nm. The transi- 
tion midpoint concentrations for these changes are 
2.4 M CaCI,, and 5.7 M LiCl for ribonuciease A 
and 4.3 M LiCl for ribonuclease S. The values for 
ribonuclease A are consistent with vafues obtained 
from ultraviolet absorption studies [12]. There are 
few published data on the isothermal unfolding of 
ribonudease S by LiCI, 

PH 

3-o 
6.5 

13.3 
7.0 
7.0 

The free energy of unfolding in water (AG~~$‘) 
may be obtained from figures such as fig. 2 by 
determining the equilibrium constan: for the un- 

FoIding process using a method of Puett [6]. A 
severe {imitation of the method is the requirement 
of Iinear extrapolation to zero concentration of 
denaturant. Unfortunately, the relation between 
free energy of denaturation and the concentration 
of salts such as LiCl or CaCl, is not Iinear at low 
salt concentrations as was shown by Schrier and 
co-workers [X2]. Therefore, any AGu&!,$o values ob- 
tained by this method should take this into consid- 
eration. Assuming that the deviation from linearity 
would be the same for ribonuclease A and S, a 
comparison of AC,,, Hzo for these proteins might be 
meaningful. The values for AGWy$ of 10.1 and 8.3 

240 260 280 300 

h(nm) 

Fig. I. The n~14t~aviofet CD spectra of ribonuciease A in 

solutions of various molarides of salt at 26.WC. Salt solution of 
appropriate concentrations were prepared from concentrated 
stock solutions; (- ) 2.0 ?a LXX, pH 6.85: (- -) 5.6 M 

LiCI, pH 7.15; (-o-w-) 6.0M LiCI, pH 7.20; (-----) 7.0M 
LiCI, (- - *-) 30% dioxane, pH 5.2. 

-250*~_- 
8 

Molarity of LiCi 

Fig. 2. Changti in the maximum ellipticity of the 239 nm (0) 
and the 275 nm (0) bands in ribonuclease S as a function of 
LiCl molarity at apparent pH 6.5-6.9 and 26.8T. 
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Fig. 3. The &_cts of corrected pH on the ellipticity of 
rihonuclcaw A at 239 nm. Changes in the maximum eIIip:icity 
OF rhrr 239 nm hand in rihonuclrsse A 3s a function of 
correorrd pH (see text) in solutions of several salts ac 26.8”C: 
(-) 4.0 Xl CsCI. (0) 4.0 M LiCI. (0) 6.0 M LiCI. (I) 8.6 M 
LiCI. (- - -_) 0.16 M KCI. 

kcal/mol for ribonuclease A and S, respectively. 
were obtained. 

As expected [ 11, inorganic salts like CsCl, NaCl 
and RbCl did not diminish the ellipticity of the 

u> -z - 
kl;E 
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a 

80 
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2 4 6 8 IO 12 

pH (corrected) 

I-lg 4. The cfkcts of corrected pH on the clliplicity of 
rlh~wucle:w A ;I! 275 nm. Changes in Ihr maximum elliplicity 
of Ihc 275 nm hand as ;1 funcrion of corrected pH (see text) in 
wlutwns of scvercll salrs 3~ 26.8T: (0) 0.16 M KCI. (0) 4.0 M 
I.&‘l. (I) 6.0 XI LiCI. (A) 2.6 M CnC12. (e) X.6 M LiCI. 

CD spectra of ribonuclease A and S. Therefore. in 
the interest of clarity, the CD spectra of these 
protein in these salts are not shown. 

3.2. Ellipliciry changes in rhe CD spectrum of 
ribonuclease as a functiotl of pH in the presence of 
inorganic salts 

The CD spectra (figs. 3-5) of ribonuclease A 
and S in various solutions of inorganic salts as a 
function of pH were measured to assess the effects 
of neutral salts on the electros:atic interactions in 
these proteins. In the presence of preunfolding 
concentrations of up to 4.0 M LiCl, 2.0 M CaCl,, 
1.0 M LiCIO,, or up to 4.0 M of salts which do 
not unfold ribonuclease A, the apparent alkaline 
titration curve (ellipticity changes as a function of 
pH) was shifted to lower pH, in comparison to the 
curve in 0.16 N KCI (not shown). The titration 
curve in unfolding-salt concentrations, however, 
was shifted toward higher pH. The shift toward 
lower pH was largest at salt concentrations just 
below those at which unfolding occurred. The 
effectiveness of the various salts followed the order 
4.0 M LiCl = 2.0 M CaCl, > 1 .O M LiClO, = 
4.0 M NaCl > 4.0 M CsCl = 4.0 RbCl. 

A large part of this shift may result from the 

0 

6 8 IO 12 

pH (corrected) 

Fig. 5. CD spectra of ribonuclease S as a function of corrected 
pH at 26.8”C. Changes in the maximum ellipticity of the 239 
nm band in (0) 0.16 M KCI. (A) 2.6 M LXX and (0) 4.0 M 
LiCI. and (0) of the 275 nm band in 0.16 N KCI. 
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Fig. 6. The effects of corrected pH on the ellipticity of N- 
acetylryrosineamide at 239 nm. Changes in ellipticity at the 239 
nm region as a function of corrected pH (see text) in solutions 
of several salts at 26.8=‘C; (6) 4.3 M CsCI, (0) 0.16 M KCI. (0) 
4.0 M LiCI. 

effects of these salts on the activity coefficient of 
HC and OH-. These effects can be estimated by a 
method similar to that used to measure H+ curves 
in concentrated quanidine hydrochloride [ 131. The 
pH measured can be corrected for the effect of salt 
concentration on the activity coefficients by the 
equations; 

PH (corrected) =pH (mcznrured, +-log Y’H 

POH (corr=c,cd, = ~OHtmcnrurcd) +log Y’OH 

Table 2 

Effect of temperature and pH on the CD spectrum of 
ribonuclease A 

A[8]239 is the change in ellipticity at 239 nm as temperature is 
lowered from 26.8 to 1 l.O°C at specified pH. given in degree 
cm’ dmol- ’ on a mean residue weight basis. A[@],,, is the 
change in ellipticity a~ 275 nm as temperalure is lowered from 
26.8 LO 1 l.O°C given in degree cm’ dmol- ’ on a mean residue 
weight basis. 

3.63 53 -2.0 
6.35 67 - 3.0 
8.8 107 5.0 

11.3 33 17.0 

where y’H and y’OH are the apparent molar activ- 
ity coefficents of H* and OH- in salt solutions. 
Titration curves for ribonuclease A and S using 
changes in ellipticity of the 239 and 275 nm bands 
corrected for the effects of LiCl or CsCl on the 
activity of f-f+ and OH- are shown in figs. 3-5. 
The maximum shift of the titration curve of 
ribonuclease S at 239 nm to lower pH occurs in 
the presence of 2.6 M LiCl instead of the observed 
4.0 M LiCl for ribonuclease A (figs. 3 and 5). 
Titration curves in the presence of CaCl, behave 
similarly to these in the presence of LiCl but 
2.0 M CaCl, has the same effect as 4.0 M LiCl. 

The effects of cooling (to 1 l°C) on the elliptici- 
ties in the near-ultraviolet CD spectra of 
ribonuclease as a function of pH are given in 
table 2. Cooling affected only the ellipticity of the 
239 nm band and caused little change in the 
ellipticity near 275 nm. 

Titration curves were also taken using the CD 
spectrum of N-acetyltyrosineamide (fig 6) in order 
to compare the effects observed above on the 
titration curve of ribonuclease with the effects of 
inorganic salts on the titration of a tyrosine model 
compound [3]. As the pH is raised, there is a 
decrease in ellipticity in the 224 nm band with a 
concurrent increase in ellipticity upon formation 
of the phenolate ion near 239 nm. The 275 nm 
band’s intensity is also decreased at high pH with 
concurrent increase in ellipticity near 292 nm (not 
shown)_ Since for ribonuclease the maximum el- 
lipticity near 239 nm is shifted to 242 nm upon 
alkaline titration, ellipticities of N-acetyl- 
tyrosineamide, at wavelengths corresponding to 
the ellipticity maximum of ribonuclease are given. 

4. Discussion 

The near-ultraviolet CD spectrum of unfolded 
ribonuclease A in concentrated salt solution (fig. 1) 
is similar to the CD spectrum obtained from dis- 
ulfide bridges [ 141. The tyrosine residues appear to 
rotate freely upon unfolding in neutral salts, so 
their contributions to the CD spectrum of the 
protein are minimal, but the intact disulfide bonds 
do contribute to the spectrum. The a-helix and the 



&structure of the protein are disturbed, since the 
intensity of the far-ultraviolet band is diminished 
in the presence of 4.0 M CaCI, (table 1). However, 
there is no complete unfolding to random coil 
structure. as in the case of high OH- (table 1) or 
high urea concentration [4]. 

The alkaline titration of the protein in the pres- 
ence of unfolding salts (fig. 3) shows a continuous 
increase in ellipticity of the 239 nm band toward 
the observed maximum in 0.16 N KCI. In the 
unfolded state there should be only small environ- 
mental constraints on the tyrosine residues so the 
cllipticity changes correspond only to the ioniza- 
tion of freely rotating exposed tyrosine residues. 
Therefore, the ellipticity in the presence of unfold- 
ing salt concentration is much lower than in the 
presence of preunfolding concentrations. 

Very interesting changes occur in the CD spec- 
trum of ribonuclease upon pH titration in the 
presence of preunfolding concentration of in- 
organic salts (figs. 3 and 5). Application of correc- 
tion factors (as calculated in section 3) for the 
effects of salts on the activity coefficients of HC or 
OH- are essential. In the absence of these correc- 
tions. erroneous conclusions may be reached. since 
the ellipticity in particular at 239 nm is very 
sensitive to changes in pH. In 4.0 M LiCl the 
correction applied to the apparent pH is very 
significant. about 1 pH unit. 

A careful investigation of figs. 3 and 6 indicates 
that in the protein titration. factors besides the 
salting-out and salting-in effects observed for hr_ 
acetyltyrosineamide should be considered_ Salting- 
out of the tyrosine residues in the protein should 
shift the aromatic group closer to the peptides 
units or other amino acid residues of the protein, 
thus increasing the intramolecular associations of 
the tyrosine residues. This will enhance the elliptic- 
ity contributions from these residues leading to an 
apparent titration curve in the presence of certain 
inorganic salts that is shifted toward lower pH. 
The extent of this association follows the salts’ 
order of effectiveness in salting-out tyrosine re- 
sidues; LiCl > NaCl > KC1 > CsCI. For LiCl the 
resultant shift of the titration curve of the protein 
to lower pH (fig. 3) indicates that the positive 
contribution to the ellipticity at 239 nm from the 

intramolecular association upon salting-out is 

larger than the effect of the small increase in pK of 
the isolated tyrosine residue of N-acetyltyrosine- 
amide observed in 4.0 M LiCI (fig. 6). 

The decrease in ellipticity above pH 11.0, due 
to unfolding of the protein by OH-, begins at 
about the same pH in the presence of high salt 
corcentrations (up to 4.0 M LiCI) or in 0.16 N 
KC1 (figs. 3-5). It is interesting that such high salt 
concentration did not contribute to significant de- 
stabilization of the protein. This suggests that in- 
organic salts do not disturb any stabilizing electro- 
static interactions that may exist in ribonuclease at 
high pH. On the contrary, the additional increase 
in ellipticity just before unfolding by OH- in the 
presence of preunfolding salt concentration sug- 
gests that inorganic salts may cause local stabiliza- 
tion of the tyrosine residues. 

Kibonuclease S is thermodynamically less stable 
than the native protein (ribonuclease A) toward 
denaturation by inorganic salts (fig. 2). this is con- 
sistent with previous studies with heat and urea 
[ 151. But as was observed before with ribonuclease 
A. preunfolding salt concentrations did not de- 
stabilize further ribonuclease S toward unfolding 
by OH- (fig. 5). This suggests that despite their 
difference in structural stability the intramolecular 
environment in the region of tyrosine residues is 
nearly identical in both proteins_ 

The events that proceed just before unfolding of 
ribonuclease by inorganic salts are still not clear. 
However, the data presented above indicate that 
contributions from disruption of electrostatic in- 
teractions by the salts are not significant. This fact 
further supports our previous findings [I] that 
before unfolding, energetically favorable solvation 
of the folded protein is taking place. In the case of 
salts this will maximize contact with peptide back- 
bone units and will minimize contact with non- 
polar groups such as tyrosine residues. This may 
also explain why cleavage of a single covalent 
bond in ribonuclease A disrupts conformational 
stability. Apparently, in the cleaved protein, there 
is exposure of peptide units thus increasing the 
section of the protein that can be favorably 
solvated by inorganic salts, leading to a less stable 
protein 

The increase in the ellipticity at 275 nm of 
partially unfolded ribonuclease-A by 6.0 M LiC1 
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or 2.6 M CaCl, on acid titration to pH 4 (fig. 4) is 
intriguing_ This increase is not observed with the 
239 nm band. It may suggest that unfolding of the 
protein by salts at low pH affects the environment 
of the various tyrosine residues to different ex- 
tents. The behavior at 275 nm indicates that elec- 
trostatic interactions that are disrupted during un- 
folding at neutral pH are restored when the pH is 
lowered thus stabilizing the protein against further 
unfolding by inorganic salts. This is in contrast to 
the effec: of high concentrations of H+ on thermal 
and urea denaturation [4]. 

(Tyr-25). This was, however, disputed by others [5] 
on the basis that exposed tyrosine residues may be 
contributing to the ellipticity at 239 nm. The data 
given in table 2 support Simmons’ conclusions that 
the increase in ellipticity upon cooling is probably 
derived from contributions of buried tyrosine re- 
sidues. 

The increase in ellipticity that is observed from 
pH 7.0 to 4.0, in 6.0 M LiCl or 2.6 M CaCl, can 
result from a conformational change around tyro- 
sine residues caused by titration of histidine re- 
sidues, since at this pH range protonation of 
histidine residues occur. Nuclear magnetic reso- 
nance studies following the histidine resonance on 
acid titration of ribonuclease [16-IS] indicate that 
there must be a conformational change in the 
vicinity of His-48. It was postulated that this con- 
formational change also involves Tyr-25 and Asp- 
14. In our investigation, a conformational change 
around tyrosine residues which might involve Tyr- 
His or Asp-His interactions is suggested by follow- 
ing the changes in ellipticity contributions from 
tyrosine residues to the CD spectrum of 
ribonuclease A. This is the first time, to our 
knowledge, that such evidence is reported for the 
isothermal unfolding of the protein by inorganic 
salts. 

On unfolding of ribonuclease by salts, the el- 
lipticities at 239 and 275 nm diminished simulta- 
neously (figs 1 and 2). This observation is in 
contrast to what is observed in the presence of 
dioxane (fig. 1) or thermal unfolding (table 2 and 
ref. 19) where initially only the ellipticity at 239 
nm is decreased. It is possible, therefore, that 
unfolding of the protein by these different agents 
does not proceed in the same path. 

Table 2 shows that there is an increase in el- 
lipticity at 233 nm upon cooling. This increase 
becomes larger as the pH is raised to 9.0 and 
decreases above pH 11.0. This behavior is not 
expec:ed from exposed residues. The ionization of 
exposed tyrosine residues is very small below pH 
9.0 at room temperature. Since the AH for the 
ionization of tyrosine is 6 kcal/mol, its pK at 0°C 
is 0.4 units higher than at 25°C [21]. The titration 
curve of an exposed tyrosine at 11 “C should there- 
fore be shifted toward higher pH. A decrease in 
ellipticity around 239 nm should be obtained rather 
than an increase. Evidently, there is a conforma- 
tional change around a buried tyrosine residue on 
cooling which is pH dependent and which causes 
an apparent increase in the ellipticity at 239 nm. 
The decrease in ellipticity around 239 nm might 
also result from the deepening, broadening or red 
shifting of the overlapping far-ultraviolet negative 
band but the data do not support this possibility. 
Pflumm and Beychok [5] reported that lowering 
the temperature from 25 to 3OC has no effect 
whatever on the far-ultraviolet band. Schultz et al. 
[22] reached similar conclusions for changes in 
ellipticity at 220 nm between 12 and 27°C. In 
addition no significant change in the peptide band 
ellipticity was observed from pH 3.0 to 10, and 
above pH 13.0 the band is blue shifted (table I)_ 
Above pH 11.0, partial unfolding of the protein 
has reduced the asymmetric environment around 
the tyrosine residues. Thus, their contributions to 
the CD spectrum of ribonuclease have been de- 
creased (figs. 3-5) and are less effected by a 
change in temperature (table 1). 

Several possibilities are given for the specific In the unfolding of the protein by temperature 
decrease in positive ellipticity at 239 nm upon or dioxane, one of the first steps is apparently a 
raising the temperature from 4 to 27°C. Simmons local conformational change around a buried 
and Glazer [19], and Simons and Blout [20] sug- tyrosine residue (probably Tyr-25). In the case of 
gested that a specific local conformational change thermal unfolding, data obtained from other meth- 
takes place which causes a disturbance of the ods also suggests involvement of tyrosine residues 
environment around a buried tyrosine residue in the first stages of unfolding [23]. There is no CD 
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evidence, however, that this is also the case in the 

unfoiding of ribonuclease by inorganic salts. The 

unfolding of the protein by salts at low pH does 
proceed through an intermediate step in which 

there is a conformational change which alters the 

environment of tyrosine residues. This step proba- 

bly involves a buried tyrosine residue, since it 

occurs only in the partially unfolded protein. 
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