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Abstract

Thermal unfolding of the N-terminal RNA binding domain of human U1A protein (RBD1) and several variants has been
observed by differential scanning calorimetry. Unfolding of the 95 amino acid domain is reversible and cooperative between
pH 2.0 and 2.8 in 40 mM glycine, with a heat capacity for the transition of 1.2 kcal mol "K', and an unfolding free energy
of 4.0 kcal mol™" at pH 2.3 and 25°C. At higher pH, thermal unfolding is irreversible. In contrast, unfolding of the protein
by guanidine hydrochloride denaturation at pH 2.3 and pH 7.0 is reversible, with unfolding free energies of 6.6 and 9.0 kcal
mol ™!, respectively. DSC experiments show that RBD variants in which the N-terminal tail is truncated, or in which a
functional loop is substituted, have altered unfolding free energies but little variation in their heat capacities of transition.
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1. Introduction

The RNA binding domain (RBD), also known as
RNA recognition motif (RRM) or ribonucleoprotein
motif (RNP), is a small 90 amino acid domain with
an a/f sandwich topology. It is possibly the most
common RNA binding motif, with over 70 examples
identified by the sequence and position of two con-
sensus regions, the RNP-1 octamer and the RNP-2
hexamer [1]. These two conserved sequences com-
prise two of the four B-strands of the four-stranded
anti-parallel B-sheet characteristic of these proteins,
which all seem to share a BaB-Baf secondary
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structure. The two a-helices are packed against the
B-sheet, with the interface forming the hydrophobic
core of the protein. There are a number of conserved
hydrophobic residues interspersed throughout the se-
quence [1,2], many of which are involved in the
formation of the hydrophobic core.

The tertiary structure of several of these proteins
has been solved, including the human UlA N-termi-
nal RBD1 by X-ray crystallography and NMR [3,4],
the C-terminal RBD2 by NMR (Lu & Hall, in prepa-
ration), the hnRNP C domain by NMR [5], and the
second RBD of Drosophila sxl [6]. In addition, the
structure of the U1A RBDI1:RNA cocrystal has been
described [7], showing the contacts between the RNA
hairpin and the protein. The surface of the B-sheet is
the primary RNA binding surface in these proteins
[7-91.
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The ribbon diagram of the human UlA RBDI is
shown in Fig. 1, together with its amino acid se-
quence. Many mutations have been made in this
protein, with the goal of identifying the residues
important for RNA binding [10-16]. However, given
that there are so many apparently similar RBDs that
recognize such a variety of RNA sequences and
structures, it is also important to understand how
these proteins differ with respect to their structure,
energetics, and folding. The contribution of con-
served and variable amino acids to protein stability is
also related to RBD function, through specific inter-
actions with RNA as well as through protein dynam-
ics and conformational flexibility. Therefore, we have
used differential scanning calorimetry (DSC) to in-
vestigate the thermal unfolding of the human UlA
RBD1 and several variants, in order to identify those
amino acids that contribute to protein stability and
structural integrity. Because unfolding of this RBD
by guanidine hydrochloride is fully reversible and
proceeds without any detectable population of inter-
mediates [15], and because it is also one of the few
RBD domains that is soluble, it is especially valuable
as a model system for these proteins.

J . -
RBD1 (1-51) TXINNLNEKI KKSLYAIFSQFGQILDILVSRSLKM
RNP-2
—83
RBD1 (52-102) RGOAPVIFXE L PFYDKPMRIQYAKTDSDI I, v
RNP~1

Fig. 1. Tertiary structure and amino acid sequence of the N-termi-
nal RNA binding domain of human UlA protein with secondary
structure indicated. The three-dimensional structure of RBD1(95A)
(from reconstruction of van Gelder et al. [30], using the structure
of Nagai et al. [3]) is shown as a ribbon diagram.

2. Materials and methods

2.1. Sample preparation

All proteins were overproduced and purified fol-
lowing a standard procedure [17]. The construct con-
taining 1-102 amino acids of the human UlA pro-
tein is referred to as wildtype RBDI1(102A).
RBD1(95A) is the construct containing amino acids
1-95. RBD1(8-99) contains amino acids 8—99 with
Arg7 and Asn8 replaced by Met and Ala, respec-
tively. RBD1(Aloop3) is 102A with the six amino
acids of loop3 (Serd6-Argd7-Ser48-Leud9-Lys50-
Met51) replaced with four residues (Val-Pro-Gly-
Arg), corresponding to loop3 of the ULA C-terminal
RBD2.

Buffers used for DSC were 40 mM glycine—HCI
between pH 2.0 and 3.4. About 1.5-2.5 mg of the
proteins were dialyzed extensively against buffers
using Spectrapor 2 dialysis membrane with MWCO
6000—-8000 Da. For comparison of the stability of
mutant RBDs, samples were dialyzed in the same
container to ensure identical buffer conditions, and
this final dialysate was used as a reference solution.
The concentration of protein was determined by UV
absorption at 280 nm, using €=5120 cm™' M},
based on four tyrosine residues in the protein [17].

2.2. Circular dichroism spectroscopy

Circular dichroism spectra were measured using a
Jasco-J600 spectropolarimeter. Spectra were mea-
sured from 250 to 200 nm with a 0.1-cm pathlength
cell using 30 pwM protein samples. Guanidine hydro-
chloride unfolding of RBD1(102A) was carried out
in 40 mM glycine buffer at pH 2.3. The ellipticity of
individual samples at 220 nm was time-averaged for
200 time points, then duplicate experiments were
averaged together. These averaged values of elliptic-
ity were fit with a linear extrapolation model, AG,; =
AG,° — mC [18,19], where C is the concentration of
GdnHCI and m is the slope at the transition, using
Kaleidegraph software as described previously [15].
The concentration of GdnHCI in the stock solution
was determined by refractive index [19].
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2.3. Differential scanning calorimetry and data anal-
ysis

Calorimetric measurements were carried out on a
MicroCal MC-2 scanning calorimeter. In all mea-
surements, the heating rate was 1°C min~!. DSC
data were normalized for concentration after subtrac-
tion of the instrument baseline. The data were then
fit with a two-state model to obtain T, AH(T,),
and a temperature-dependent AC,, using non-linear
least squares analysis with Mathcad (MathSoft Inc)
software, allowing both the upper and lower base-
lines to float independently. The linear portion of the
pre- and post-transition baselines are expressed in
calmol" K™, as C,(N) = b, + b (T — T,,) and C,(D)
= b, + by(T — T,,). Temperature dependence of the
heat capacity for the (N) native (b,) and (D) dena-
tured state (b;) was determined from the linear fit of
the baselines for the native and denatured state using
the DSC scans at different pH values of RBD1(95A).
Errors in the enthalpy and 7, based on two or three
separate experiments with a single protein, are no
more than 5%. Errors in the heat capacity are consid-
erably greater, primarily ascribed to variations in the
buffer baseline. Errors in these values are estimated
to be between 15 and 20%.

3. Results

3.1. RBDI(102A) unfolding at pH 2.3: DSC and
GdnHCI

About 1.5 to 2 mg ml~! protein (about 0.2 mM)
in 40 mM glycine from pH 2.0 to pH 3.4 was used
for DSC. Under these conditions, the protein is
monomeric in solution based on NMR analysis and
elastic light scattering (data not shown). DSC scans
of the thermal denaturation of RBD1(102A) at pH
2.3 are shown in Fig. 2a. As indicated, the denatura-
tion is reversible at this pH; after two consecutive
experiments, the protein was estimated to be at least
90% reversible.

As anticipated, the heat capacity of the native
protein increases linearly until nearly 40°C, with a
slope AC)(T)/AT=13 calmol'K? (1.2x 1073
cal g K?). Denaturation is accompanied by a large
heat capacity change, while in the denatured state
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Fig. 2. DSC scans of 2 mg ml~' RBD1(102A) in 40 mM glycine
HCI buffer at pH 2.3. The data are normalized for concentration
after subtraction of the instrument base line. a. Two successive
scans of RBD1(102A). The reversibility of the second scan was
estimated to be more than 90% by comparison of the areas under
the curve. b. DSC curve for the first scan of RBD1(102A) at pH
2.3. The data are shown as the dotted line. The solid curve is the
fit of the data using a two-state model. The dashed lines are the fit
of baselines for native and denatured proteins.

there is no apparent temperature dependence of the
heat capacity. NMR spectra taken at different tem-
peratures between 25 and 80°C showed that the
protein becomes fully unfolded at 65°C; there is no
further change in the NMR spectrum from 65 to
80°C at pH 2.3 (data not shown), indicating that the
denatured state observed in the DSC represents the
fully unfolded state of the protein. The heat capacity
for unfolding can be determined by a fit of the data,
as shown in Fig. 2b, using a two-state model. As
given in Table 2, at pH 2.3, at the midpoint of the
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unfolding transition (7, = 56.6°C), AH,(T,)=58.1
kcal mol™', AS(T,) =176 calmol'K", and
AC(T,)) =982 calmol' K. In order to compare to
the unfolding free energy determined by guanidine
denaturation, the free energy of unfolding at 25°C
was calculated to be 4 kcal mol !, using the follow-
ing relations and the temperature-dependent AC »

AHd(T) = AHd(Tm) + fTTmACp(T)dT (1)
AS(T) = AS,(T,) + fTTmACp(T)dlnT (2)
AG,(T) = AH|(T) - TAS(T) (3)

Previous structural, thermodynamic, and dynamic
characterization of the protein was done at higher pH
[3,4,15]. To compare the secondary structure of the
protein in these different conditions, the CD spectra
were acquired at pH 2.3 and pH 7.0. The spectra are
nearly identical, as illustrated for one of the variants,
RBD1(Aloop3) in Fig. 3, indicating that the sec-
ondary structure content of the protein does not
change in this pH range.

Thermodynamic characterization of RBD1(102A)
determined the unfolding free energy using guani-
dinium hydrochloride denaturation at pH 7. With this
method, AG,°=9.0 + 0.6 kcal mol™!, with a mid-
point GdnHCI concentration of 3.75 M (data not
shown). These experiments were repeated at pH 2.3
in 40 mM glycine HCI, to facilitate comparison with
the DSC data. Those results are shown in Fig. 4,

© x 10 (degree cm? decimole!)

3o 200 = 70 240 70

Wavelength (nm)

Fig. 3. Circular dichroism spectra of 30 wuM RBD1(Aloop3) in 40
mM glycine HCI (pH 2.3), and 50 mM NaCl, 10 mM sodium
cacodylate (pH 7.0), 22°C.
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Fig. 4. Ellipticity at 223 nm as a function of GdnHCI concentra-

tion for RBD1(102A) in the presence of 40 mM glycine HCI at

pH 2.3, 22°C. The solid line is the nonlinear least-square best fit

to the data using the linear extrapolation model. Data sets used for

calculation of AG® are the averages of duplicate experiments with
30 separate denaturant concentrations.

with the fit to the data based on the linear extrapola-
tion model to give AG,°=6.6+0.4 kcal mol™!
with a midpoint GdnHCI concentration of 3.38 M.
The difference in unfolding free energy as measured
by guanidine hydrochloride denaturation, from 9.0
keal mol~! at pH 7.0 to 6.6 kcal mol™" at pH 2.3,
indicates that electrostatic effects contribute a sub-
stantial fraction of the overall stability of the protein
over this pH range. The differences between the
values of AG,” obtained from guanidine denaturation
at pH 2.3 (6.6 kcal mol ') and from DSC (4.0 kcal
mol ') reflect interaction of the denaturant with the
protein as well as errors from extrapolation.

3.2. Unfolding of RBDI1(95A) vs. pH

Thermal unfolding of RBD1(95A) was measured
as a function of pH to determine the range of re-
versible denaturation and to obtain the average heat
capacity of denaturation. DSC scans at pH 2.0, 2.7,
3.0, and 3.2 are shown in Fig. 5. The denaturation
temperature increases with increasing pH, while the
temperature-dependent heat capacity of the native
form is independent of pH; the heat capacity of the
unfolded form has no temperature dependence at any
pH shown. However, at higher pH, the heat capacity
of the unfolded protein appears to decrease precipi-
tously, probably due to aggregation. In 25 mM KCl,
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Fig. 5. DSC scans for 2 mg ml~! RBD1(95A) in 40 mM glycine
HCI at different pH values.

20 mM potassium phosphate at pH 5.5, thermal
unfolding is irreversible, and the protein precipitates
upon denaturation {data not shown).

The T,,, AH(T,), and AC, of unfolding from
pH 2.0 to pH 3.4 are given in Table 1, and the plot
of the unfolding enthalpy vs. denaturation tempera-
ture is shown in Fig. 6a. The slope of this line,
determined from a linear least square fit of the data,
gives the average heat capacity of unfolding to be
1.2+ 0.1 kcalmol'K™!. The data from the pH 3.0,
3.2, and 3.4 experiments are not included in this
analysis, since their dramatic decrease in heat capac-
ity indicates that the state of the protein has changed,
probably signifying a loss of reversibility. This value
of AC,=12 kcalmol'K™" is a property of this

Table 1

The pH dependence of the denaturation of RBD1(95A)

pH T.,/°C AH(T,)/ ACT,)/
kcal mol ! calmol 'K !

2.00 55.3 579 1163

2.30 57.2 58.4 1166

2.50 58.9 61.2 1275

2.70 60.9 62.5 1153

2.85 62.8 65.8 850

3.00 64.8 65.9 616

3.20 69.0 69.4 121

3.40 70.5 69.8 258

Protein in 40 mM glycine HCL buffer. A H(7,,) and 7, from the
fit of the DSC data to a two-state model. Errors in 7, and AH,
estimated at 5%, and at 15-20% for ACP, based on multiple
experiments.

a
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Fig. 6. Variation of T, AH(T,) with pH for RBD1(95A). a.
AH(T,) as a function of T,,. Linear regression analysis gives
AC,=12+0.1 kcalmol'K™' (r=0.990). b. Melting tempera-
ture as a function of pH. The solid curve is the interpolation of the
data points.

RBD, and can be used as a reference value for
comparison to other variant RBD proteins.

The T, as a function of pH is plotted in Fig. 6b.
The stability of the protein increases significantly
with the increase in pH; the T, increases about 10°C
from pH 2.0 to pH 3.0. From the linear portion of
the curve, it is possible to estimate the number of
protons taken up (A v) by the protein during denatu-
ration, using the relation [20]

AH,, dr,

m

= X
2.303RT? ~ dpH

Av (4)

For this protein, Av is about 1.2 from pH 2.3 to
pH 2.85. This small uptake of protons may be due to
the presence in the native protein of carboxyl groups
with low pK values.
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Table 2
Thermodynamics of variant RBD proteins
Protein T,/ AHy/ AS,/ AC,/(T,)/ AC56°C)/ AAG}/ AAH] AAS;

°C kcalmol™!  calmol’K' calmol’K' calmol'K' kcalmol™' (kcalmol™') (calmol'K™')
RBD1(102A) 56.6 58.1 176 982 9382
RBD1(95A) 570 586 177 1166 1166 Q 0 0
RBD1(8-99) 47.0 40.3 127 952 820 —-1.4 -9.6 -25
RBDI(Aloop3) 654 573 169 810 940 14 -8.8 —31

AH,, AS4, AC, of unfolding evaluated at the melting temperature of each protein. Error in A H; estimated at 5%; errors in AC,, at 15%."
AAG,, AAHy, AAS; = (Mutant) — RBD1(102A), calculated at 56.6°C according to Eqs. (1)-(3), assuming a temperature-dependent

AC,(56.6°C).

3.3. Comparison of the thermodynamic parameters
of wildtype RBD1 and variants

Several variants of RBD1(102A) were constructed
to determine their thermodynamic contribution to
protein stability and their influence on RNA binding.
Three regions of the domain were investigated: the
C-terminal tail, the N-terminal tail, and loop3 be-
tween B2 and B3. To compare their energetics,
thermal unfolding was carried out in 40 mM glycine
HCI buffer at pH 2.3, which for RBD1(95A) is in the
region where the enthalpy varies linearly with transi-
tion temperature (Fig. 6); the assumption made is
that this will be true for the other proteins as well. In
addition to their measured thermodynamic parame-
ters, the difference in the standard free energies of
unfolding for the wildtype RBD1(102A) and mutant
proteins (AAG,®) (Eq. (5)) was used to compare the
apparent stability of the constructs

AAGS = AG(variant) — AG2(WT) (5)

AG,°(WT) is zero at its melting temperature, and
positive values of AAG] indicate apparent stabiliza-
tion of the native state of a protein. This difference is
evaluated at the transition temperature 7, of
RBDI1(102A) at pH 2.3 using Egs. (1)—(3), assuming
a temperature-dependent AC,,.

Thermodynamic data for these proteins are given
in Table 2; they can be compared on the basis of
their T,,, AH,, AS,, and AC, values. The denatura-
tion temperatures of 102A and 95A, which differ by
seven amino acids at the C-terminus, are nearly
identical, as are the heat capacities of their native
states and their denaturation heat capacities. The
entropy and enthalpy of unfolding are also nearly
identical; the heat capacity of transition appears
greater for the shorter protein by about 20%, but this

is within the error of these determinations. RBD1(8-
99), with a shorter N-terminal tail, is destabilized
compared to the RBDI(102A) parent. Its melting
temperature is nearly 10°C lower than that of the
RBDI1(102A) construct at this pH, corresponding to
a loss of about 1.4 kcal mol™! in the folding free
energy of the domain. It has a more favorable en-
thalpy of unfolding (AAH,), but a less favorable
entropy (AAS,), extrapolating to the T, of 102A. Its
heat capacity of transition at 56.6°C is within 15% of
that of 102A. The RBD1(Aloop3) variant is nearly
9°C more stable than 102A, corresponding to an
increase of 1.4 kcal mol ™! in folding free energy. At
the transition temperature of the 102A construct, the
enthalpy of the RBD1(Aloop3) protein is also more
favorable and the entropy is less favorable than for
the RBD1(102A), although their heat capacities are
comparable. These changes in free energy of folding
can be due to the effect of mutation on the native or
denatured state, or both.

4., Discussion
4.1. Thermodynamic properties of RBDs

The free energy of unfolding of the RBD1(102A)
domain has been characterized by guanidine hydro-
chloride denaturation as well as differential scanning
calorimetry. Both methods show that this a /3 sand-
wich protein is extremely stable, with a T, of 57°C
at pH 2.3, and a midpoint of 3.38 M GdnHCI. The
precise values of the unfolding free energy measured
by these two methods are in modest agreement; the
discrepancy may be attributed to the long extrapola-
tion to 0 M GdnHCI, extrapolation to 25°C, and
interaction of the denaturant with the protein. Al-
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though chemical denaturation has been used as a
preferred method for evaluating unfolding free en-
ergy changes of proteins, there are indications that
the unfolding AG; may not be a linear function of
denaturant [21,22], and there are also instances in
which different denaturants do not give the same
value of AG, from extrapolation [23-26]. DSC thus
appears to be the more reliable method for determi-
nation of thermodynamic data for this protein. How-
ever, it must also be noted that reversible denatura-
tion requires low pH (pH < 3.0), so that these ther-
modynamic parameters are not available at higher
pH (pH 6-7), where protein activity is measured.

The average heat capacity of denaturation can be
obtained from the dependence of the enthalpies of
denaturation upon the transition temperature, shown
in Fig. 6. For the RBD1(95A), this calculated value
of AC,=12+0.1 kcalmol' K™ is a property of
this protein, and reflects its topology and its amino
acid composition (41% aliphatic/11%
aromatic /48% polar residues). Presumably all RBDs
share this tertiary topology; their amino acid compo-
sitions are likewise similar [1], and therefore their
heat capacity of denaturation might be expected to
be comparable. In the one buffer condition (pH 2.3)
used here to compare four RBD constructs, there are
significant differences in their stabilities, but not in
the heat capacities of transition. To be confident that
the values of AC, are characteristic of each con-
struct, the pH dependence of denaturation (enthalpy)
must still be determined; this method of obtaining
the average AC, seems to be the most reliable for
this type of comparative study.

4.2. Effect of N-terminal and C-terminal regions of
RBD] on protein stability

The construct of RBD1 from amino acids 1-102
contains both an N-terminal tail, from amino acids 1
to 9, and a C-terminal tail, from amino acids 91-102.
Backbone dynamics, observing BN relaxation,
showed that the first seven amino acids were disor-
dered on the ps—ns time-scale, with order parameters
typical of small molecules (Lu & Hall, in prepara-
tion). Amino acids 92—98 form an additional a-helix
centered around A95, which is thought to interact
with sidechains on the surface of the SB-sheet to bury
hydrophobic residues [4]. However, "N backbone

dynamics measurements show that residues 100-102
are largely disordered, and residues 90-99 have
progressively smaller order parameters, indicating
less restricted motion (Lu and Hall, in preparation).
For these DSC experiments, three constructs are
studied that differ in the lengths of their N-terminal
or C-terminal tails. Their structures are certain to be
very similar, since the hydrophobic core of these
proteins has not been altered through mutation or
substitution.

In the RBD1(8-99), the first seven amino acids
were deleted, and N9 replaced by A9; this construct
is less stable than the RBD1(102A). The cause of
this destabilization is not apparent, although several
possible explanations can be found in the structure.
Interactions between residues at the N-terminal end
of B1 (amino acids 9-12) and residues from a2
contribute to the stability of the protein, as do inter-
actions between a2 and residues at the C-terminal
end of 4, as mutations of Y86 have shown [15]. It
is possible that truncation of the N-terminal tail to
residue 9 has resulted in more flexibility of the 81
strand, which makes its interactions with «2, B4,
and B3 more tenuous. If so, then measurement of
the backbone dynamics of this construct should show
more disorder in this region. Functionally, this tail
can be swapped with that of the UlA C-terminal
RBD2 without loss of RNA binding [27]; the
RBD1(8-99) construct itself binds RNA with wild-
type affinity. Thus the loss of protein stability for
RBD1(8-99) is not reflected in its function.

The RBD1(95A) domain presumably lacks the
a-helix formed by the C-terminal tail. The energetics
and stability of RBDI1(102A) and RBDI1(95A) are
virtually identical at pH 2.3; although the heat capac-
ity differs, it is within the errors attributed to these
values. If the C-terminal residues of the domain were
packed against the body of the protein, the disruption
of this structure might be reflected in the entropy and
enthalpy of denaturation; no difference is observed,
however. Binding of the RBD1(95A) to RNA is
weaker by approximately 30-fold than RBD1(102A)
binding, and has a reduced salt dependence [28],
indicating that these residues have a functional role.

4.3. Loop3 and protein stability

The size and sequence of loops in RBDs are
highly variable [1]. Loop3 in RBD1, which contains
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seven residues, has been shown to be critical for
binding to the Ul snRNA RNA hairpin [7,11]. This
loop is relatively undefined in the crystal structure of
the protein, and responds to RNA binding by pro-
truding into the RNA loop where it adopts a 3,
helix [7]. °N NMR backbone dynamics studies in
solution have shown that the motional properties of
this region are complex; it undergoes some confor-
mational exchange in the ms time-scale. In contrast,
loop3 in the U1 A C-terminal RBD?2 has five residues
that show no distinctive backbone dynamics (Lu &
Hall, in preparation). RBD2 does not bind RNA [27].

Replacement of the RBD1 loop3 with that of
RBD2 in the RBD1(Aloop3) construct stabilizes the
domain. Residues in this loop are not conserved
among RBDs; in particular, no residue involved in
the hydrophobic core of the protein is located in
loop3. Based on N NMR data for RBD1 and
RBD2, we predict that the RBD1{Aloop3) domain
will show restricted dynamic motion of loop3, re-
flecting reduced flexibility. It is possible that the
residues in this new shorter loop make novel interac-
tions with other amino acid sidechains or backbone
groups, accounting for its higher stability. It is also
possible that the shorter loop is packed more tightly
against the body of the protein. However, the en-
thalpy and heat capacity of its unfolding transition
are very similar to those of RBD1(102A). It should
be noted that RBD2, which has an unfolding free
energy of 8.3 + 0.8 kcal mol~! measured by guani-
dine hydrochloride denaturation at pH 7.0 [27], is not
well-behaved in DSC experiments, because its ther-
mal denaturation cannot be described by a two-state
transition (data not shown).

RBDI1(Aloop3) binds to the wildtype RNA hair-
pin with an affinity that corresponds to nonspecific
association of RNA by RBD1(102A). This loss of
affinity is probably a combination of loss of specific
amino acids and loss of conformational flexibility;
the higher protein stability does not correspond to
tighter RNA binding.

5. Conclusions

The N-terminal RBD1 of the human Ul A protein
is one of a large class of structurally homologous
proteins that bind various RNA targets, yet it is one

of the few that are well-behaved in physical studies.
In these experiments, thermal unfolding of this do-
main is shown to be a reversible event that can be
monitored by differential scanning calorimetry. Pre-
liminary experiments with three variants of RBDI
show that their enthalpy and T, can vary signifi-
cantly, although their heat capacities appear similar;
however, there is no correlation between the protein
stability and its affinity for the target RNA hairpin.
Because the structure of the RBD is known, it may
be possible to analyze the effect of mutations in
terms of changes in hydrogen bonds and surface
area, similar to analysis of larger, more complex
proteins such as lysozyme, ribonuclease, or inter-
leukin-18 [29].
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