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Abstract

Thermal denaturation of ribonuclease A (RNase A) complex with cytidimedhophosphate (8MP) was studied by differential scanning
calorimetry (DSC). The kinetic and binding studies of RNase A with cytidir@-2yclic phosphate (cCMP) as a substrate, a@MP as a
ligand were also investigated by difference spectrophotometry. The obtained kinetic saturation curve reveals the occurrence of an anomalous
non-hyperbolic shape at high substrate concentrations, and a biphasic binding isotherm. These phenomena indicate that a conformational
change is occurring with RNase A during the hydrolysis of cCMP. A combination of kinetic and thermodynamic studies tends to elucidate
the reasons for the formation of a non-hyperbolic behavior in a kinetic saturation curve. The thermal profile of the éGimeednplexes
shows a splitting of two distinct peaks with different structural stabilities of melting poltsdf 325 and 337 K. The bifurcate appearance
of DSC profile of RNase A-€MP complexes manifests a physical view of a light kinetic structural transition. It is worthy to note, the direct
binding (not via enzymatic reaction) of enzyme witiCBIP indicates single DSC profile and monophasic binding isotherm.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction not follow the same pattern, non-hyperbolic behay&6].
This conduct by an enzyme was interpreted in the terms
Bovine pancreatic ribonuclease A (RNase A) is an en- of an allosteric model meaning that a substrate-dependent
donuclease that cleaves and hydrolysis the single strandedhange in the equilibrium occurs among three pre-existing
RNA in two distinct steps. The first step involves the cleav- enzyme conformations where one of which remains inactive
age of RNA chain where a transphosphorylation reaction [6,7]. Interestingly, the deviation from hyperbolic kinetics
begins from 5 position of one nucleotide to the Rosition for RNase A with cCMP, at a low substrate concentration,
of the adjacent nucleotide resulting in the formation of a was reported by Piccoli and D’Alessio. They have attributed
2',3-cyclic phosphodiester. The second step involves the this behavior to the presence of a quaternary structural
hydrolysis of 2,3-cyclic phosphodiester to’-3wcleotide change[8]. Recently, an alternative explanation based on
[1-5]. However, a number of kinetic studies have been what is now believed to be a well-documented model of
carried out following the hydrolysis of cytidin€,3'-cyclic the subsites structure of RNase A has been reported for a
phosphate (cCMP), as the substrate. For instance, the rate ofion-hyperbolic kinetics of enzym¢3a].
hydrolysis at low substrate concentration, in an aqueous en- A number of investigators have proposed numerous con-
vironment, seems to follow a hyperbolic behavior; whereas cepts to explain the general catalytic efficiency of enzyme.
the rate of hydrolysis at a higher substrate concentration does~or example, Eftink and Biltonej®] and Mitsui et al[10]
believed that one possible source could be linked to the
- existence of electrostatic subsites in substrate phosphate
Abbreviations: cCMP, cytidine 23-cyclic phosphate; '€MP, cyti- groups of RNase A, on another hand, Pares ef14l,12]
dine 3-monophosphate;'@MP, cytidine 2-monophosphate; 8MP, uri- justified the efficiency of the enzyme to a partially hy-
d!ne 3-monophos_phate; BS-RNase, bovine seminal ribonuclease; DSC, drophobic character of purine binding site. However, the
differential scanning calorimetry ) - . !
* Corresponding author. Tekt 98-21-6403957; fax:-98-21-6404680.  interaction between RNase A and a variety of phosphate
E-mail address: moosavi@ibb.ut.ac.ir (A.A. Moosavi-Movahedi). containing ligands, including cytidine’-Bnonophosphate
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(2CMP), cytidine 3-monophosphate (8MP) and uridine  of absorbance between substrate and product at 284Aam.
3-monophosphate (BMP), were studied by UV differen-  value was measured and it was equal 118¢m~1 for

tial spectrophotometry and the equilibrium dialyfi8—15]. the difference between the molar absorption coefficients of
Nevertheless, Walker et §6] demonstrated that a multiple  the product (3CMP) and the substrate (cCCMP) at 284 nm.
binding of 3-nucleotide to a molecule of RNase A occurs, This absorbance coefficient was determined from the dif-
and further showed that a number of molecules '6GfN3P ference between the slopes of two linear lines of the ab-
bound to RNase A. sorbance plots, which were drawn for the produ¢C{@P),

In this study, we are proposing an alternative explanation and the substrate (CCMP). The reaction mixture consisted of
based on two sets of binding sites that is previously reported Tris—EDTA buffers (25, 50 and 100 mM Tris, 2mM EDTA,
[16,17]. Our interpretation of the abnormal binding and the pH 7.5, = 0.025, 0.05 and 0.1 M, respectively), RNase A
kinetics of the RNase A that catalyzes the cCMP is through (10pnM) and cCMP (0—60 mM) concentrations.
the existence of two kinds of binding subsites. This would
reveal role of cooperative manner of the subsites, which is 2.2.2. Binding measurement
in the active site of the enzyme. The binding measurement was carried out by a titration

The thermal denaturation of RNase A and the complex of method in Tris—EDTA buffer (100 mM Tris, 2mM EDTA,
RNase A with 3CMP (direct binding) were previously stud- pH 7.5,7 = 0.1 M) at 25°C by two different manners as
ied by differential scanning calorimetry (DS¢)8]. DSC follows: (1) direct binding (direct mixing of the enzyme
profile belonging to alone RNase A showed a single tran- and ligand, 8MP) and (2) binding via the enzymatic re-
sition at T, = 337K; whereas at the presence ¢6CBIP action (mixing the enzyme with substrate, cCMP, and allow
(direct binding) it showed a transition &, = 340K. Inthe the reaction to go to completion). (1) In the direct method,
present work, we attempt to elucidate the conformational the binding of 3CMP upon interaction with the RNase A
transitions of RNase A in the presence of both substrate was done by difference spectrophotometry. At first, both
(cCMP) and ligand, ®MP (as an enzymatic product) by the cells contained the same amount of enzyme (0.05 mM)
kinetic, thermodynamic, and binding studies. and buffer. Then, the’@MP solution with concentration

range (0—30 mM) was added into the sample cell. In each
titration the difference absorbency at 270 nm is related to

2. Materials and methods the RNase A-MP complex and free’@MP. The absorp-
tion of 3CMP free was measured separately and the dif-
2.1. Materials ference absorbance of two experiments were related to the
absorbency of @MP-RNase A complex. (2) The binding
Ribonuclease A (EC 3.1.27.5) and cytiding32cyclic via enzymatic reaction was done upon the addition of cCMP
monophosphate (sodium salt) (cCCMP) an@idP were ob- as substrate (0—-30mM) into the sample cell (containing a

tained from Sigma. All other reagents were of analytical constant concentration of RNase A, 0.05 mM) the substrate
grade. 25mM (I= 0.025M), 50mM (I = 0.05M) and was hydrolyzed to the final product’@BMP) within a pe-
100mM (I = 0.1 M) Tris, 2mM EDTA, pH 7.5 were used riod of 2h of incubation (the cCMP is not present at all

as Tris—EDTA buffers. based on the control test). This experiment was done based
on [20] method, which they outlined the RNase A is gone

2.2. Methods to completion up to 2h and no substrate indicated. There-
with, the produced €MP (P) bind to the existent enzyme

2.2.1. Kinetic assay molecules (E) to generate the enzym€&dP complex (EP).

The RNase A samples were prepared from stock solution The net absorbance for the enzym &8P complex,AEP,
by dissolving 1 mg of the enzyme into 1 ml of Tris—EDTA could be obtained by subtracting the absorbance of complete
buffer. The enzyme was assumed to have a molar extinctionhydrolyzed substrate solutiod PP, from the absorbance
coefficient ofepgo = 9630 M~tcm™1 [19]. The substrate  of the alone 3CMP solution,A” [1]. The molar concen-
and product concentrations were determined spectrophoto-ration of the EP complex was obtained by consuming the
metrically based on the molar absorptivity, substradgs = molar extinction coefficient of 7800 M cm~L. This value
7950 M~ cm1; product:ex79 = 8400 M~ cm1 [6]. The obtained based on the Anderson method at 27l Fi-
kinetic assay was utilized by differential spectrophotometry nally, calculating the important average parameter @iet
based o1j20] method. The assay was carried out with a Shi- molar concentration of the boundGMVIP [EP] divided by
madzu UV-3100 spectrophotometer using quarts cell of 1 cm the total enzyme molar concentration).
path length in a thermostatically controlled cell compart-  Fitting the empirical kinetic data with the theoretical func-
ment and maintained at 2& using a Haake D8 water bath. tion, and the calculation of the kinetic and binding parame-
The rate of enzymatic reaction was calculated automatically ters were all achieved by using a Sigma Plot Scientific Graph
during 2min utilizing the kinetic mode of the instrument. System (Jandel Corporation). The good agreement of empir-
All assays were done in triplet. Activity measurements were ical and computer-calculated data were determined by the
expressed adaA/As whereAA is the maximum difference  typical x? test. All experiments were repeated three times.
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2.2.3. DSC measurement 2
DSC were carried out on a Scal-1 microcalorimeter (Rus- °E;
sia), the heating rate was fixed at 1 K min An additional o
pressure of 1.5atm was applied during all DSC runs, in or- 5 1O T
der to prevent any possible degassing of the solutions dur- E °
ing heating. All experiments were repeated for three times, ; 1t
and the enzyme solution was prepared by dissolving 0.5mg i
of the RNase A into 1 ml of Tris-EDTA buffer (100 mM = 05 L
Tris, 2mM EDTA, I = 0.1 M) at pH 7.5. The DSC profiles E
were obtained for enzyme 3VIP complex through direct %
binding and binding via the enzymatic reaction, containing e 0 1
3'CMP (40 mM) and enzyme concentration of 38l 0 5 10 15 20 25
@ [cCMP)/mM
3. Results and discussion 2 5
>
3.1. Saturation kinetic curve E 4l
o
Fig. 1shows a typical kinetic saturation curve for RNase E 3|
A versus cCMP as substrate in the range 0-60 mM at25 ; %
and pH 7.5. The characteristic “bump” occurs at the sub- o2}
strate concentration of 14 mM. This illustrates the inter- 5
change between two enzymatic states within a narrow range 5 1t
of substrate concentration. The hyperbolic saturation curve 2
occurs at the first enzymatic state, at low substrate concen- S S S U S
tration, which is in agreement with the literatuiz6,21]. 0 20 40 60 80
According to the result of the first enzymatic state (cCCMP (b) [cCCMP)/mM

concentration is below 14 mMX, was obtained based
on Lineweaver—Burk plot anél;y; determined by the ra- Fig. 2. lonic strength dependence of the RNase A catalyzed hydrolysis of
o of [l Vina, The values 0Ky andkcar are equal o SCP e eric sendts of 6025 o i 2l 074, 0.5 14
O.'4 m.M and 2.551, respgctlvely, and that is near consistent At low subétrate concentrations. (0-14mM) and ’(b) at high SL;bstrate
with literature[2,5]. Our investigation of the second enzy-  concentrations (16-70 mM)A) 7 = 0.025M, () 7 = 0.05M, and Q)
matic state at higher substrate concentrations (above 16 mM); = 0.1 M.
shows the catalytic behavior of the enzyme converting to a
non-hyperbolic kinetics.

Fig. 2shows the enzymatic rate versus cCMP concentra-

tions for the hydrolysis of cCMP by RNase A at different

ionic strengths at 28C and pH 7.5. The activities of RNase
A in the presence of cCMP were obtained at ionic strengths
of 0.1, 0.05 and 0.025M at two enzymatic transition states
(low and high substrate concentrationsig. 2a shows that

5 at low substrate concentration, the activity of RNase A in-
° creases as the value of ionic strength decredsies. 2b
% 4 + shows that at a high substrate concentration, the increasing
o L of ionic strength has negligible dependence on the activity
= 3¢t of the RNase A. The main purpose of this study was aimed
E | to determine the cause of the unusual kinetics behavior of
g8 5L RNase A and the biphasic behavior of binding curve during
"0 the interaction of the enzyme with@GMIP. The following ex-
E 1L planations are to clarify the non-hyperbolic behavior of the
f cited reaction. Moussaoui et §2] have stated that the un-
g 0 usual kinetics of the enzymatic reaction of cCMP by RNase

A results from the cooperative interaction between different
6 1 2 32 4 50 60 subsites within the same polypeptide chain. On the other
[cCMPYmM hand, DI Donato et a[22] have outlined the non-hyperbolic
. o saturation curve with an intermediate plateau for the reaction
Fig. 1. The saturation kinetic curve of RNase A and cCMP as the Kineti d the bindi f di ic bovi inal rib
substrate. Initial velocities were determined by spectrophotometric assays Inetc an € bin Ing Ol dimeric bovine Semm_a roonu-
in Tris—EDTA buffer (100mM Tris, 2mM EDTAJ = 0.1M) at 25°C clease (BS-RNase) with cCMP. They have explained the ab-
and pH 7.5. normal behavior of non-hyperbolic curve in the terms of a
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mixed cooperativity through site—site interaction. Crystallo- plex (direct binding) that is produced by direct mixing of
graphic analysis of complexes between the enzyme and thehe enzyme and ligand, BMP. According to the obtained
various ligands also reveals the existence of multiple sub- curve, the average number of moles 6EBIP bound to the
sites in RNas§23,24]. A number of the subsites of RNase A mole of enzymep, are about 4. It is a monophasic curve
and the substrate interactions show electrostatic contributionand consistent with literaturg?]. (2) The binding assay
[9]; while there are others that their interactions (stacking) via the enzymatic reaction was carried out in the presence
do not exhibit any electrostatic contributighl,25]. The of cCMP, which is producing’8MP (the final enzymatic
electrostatic interactions are revealed by their ionic strength product used as the ligand molecules in binding study). The
dependence because the activity of electrostatic interactionshinding isotherm was plotted as(the average mole num-

is the function of their ionic strengtf26]. The dependence ber of bound ligand to the mole number of enzyme) ver-
of the activity of RNase A on ionic strength was noted pre- sus free concentrations ofGMP, [3CMPJee. The binding
viously by earlier workerg9,27]. Our work supports the isotherm shows the value ©fis about 10 (se€ig. 3). The
cited literatures regarding the effect of ionic strength on the two phasic shape of this curve indicates two steps of binding
activity of reaction of RNase A with cCMP. Nevertheless, sets. The binding data were analyzed through two binding
the results indicate a discrepancy in the rate of RNase A sets, in order to obtain both of binding sets and binding con-
at low substrate concentrations at different ionic strengths; stants that were related to each set of binding. In this study,
whereas such a distinction is negligible at higher substratewe followed the Hill equation with more than one term as
concentrations. According to the activity dependence of the follows [16]:

ionic strength, one expeqts tp ob_serve the important function . e1(K1[L¢])" ga(Ko[Lg])"
of the electrostatic contribution interaction at low substrate v = T T
concentrations. It means that at low substrate concentration, 1+ (KalLeD™ 1+ (Ko[LeD™
the subsite of RNase A acts electrostatically; whereas at highwhereg,, K; andny, are the number of binding sites, bind-
substrate concentration it has non-electrostatic behavior (seéng constant, and Hill coefficient for first binding set agd

(1)

Fig. 2). K> andn, are the corresponding parameters for the second
binding set and [} is the free concentrations of ligand. It
3.2. Binding isotherm has been previously shown that the existence of an unusual

Scatchard plots rises from two kinds of binding sites having
Fig. 3illustrates the binding curve of RNase A an€C’P different cooperativityf17,28]. Here the binding isotherm of
at 25°C in Tris—EDTA buffer (100 mM Tris, 2mM EDTA, 3'CMP with RNase A complexes indicates a biphasic satura-
I = 0.1M, pH 7.5) by two manners: (1) direct binding tion curve including an intermediate plateau accompanying
and (2) binding via the enzymatic reaction. @iy. 3 (in- with an unusual shape of Scatchard plot (data not shown).
set) shows the binding isotherm of RNase AGIP com- The cited binding data have been fitted by Sigma Plot
program througheq. (1). Experimental and calculated pa-
rameters derived from Hill equation (Eq. (1)) are as follows:

© ng, =1,81 =4, K1 =10°M L andny, = 41, g2 = 8,
10 K> = 60 M~1. Obtaining the Hill coefficients (#, andnp,),
() S Z [ 0020 whereny, is equal to 1 at the region of the curve below the
o 10 2 plateau, while:n, is equal to 4.1 at higher concentration of
8r [3 CMPlfree/m 3'CMP. Hill coefficients are the measure of the cooperativity
of the interactions. Accordingly, whery = 1, it indicates
= non-cooperativity, iz < 1, it designates negative coopera-
tivity, and wheneveny > 1, it means positive cooperativity
4l interactions[29]. One may infer that low substrate con-
centration is linked to the non-cooperativity of the enzyme
2| complex (1, = 1) and high substrate concentration is rel-
ative to a positive cooperativity of @MP (ny, = 4.1) and
o~y also literaturd8]. It is important to note that at low ligand
0 5 10 15 20 25 30 concentration, RNase A binds to a fewer mononucleotide

with strong affinity (ki = 10°M~1); while at a higher lig-
and concentration it binds to the remaining ligand molecules
Fig. 3. The binding isotherm curvei (against free concentrations of by a cooperative manner with low affinity p&= 60 M~1).
3'CMP) of RNase A and "€ MP (via enzymatic reaction) in Tris—-EDTA
buffer (100 mM Tris, 2mM EDTA,/ = 0.1 M) at 25°C and pH 7.5. The
assay was carried out in the presence of cCMP, which produCa4R3(the

final enzymatic product used as the ligand molecules in binding study). . . . .
Inset shows the binding isotherm curve of RNase /&MP complex Fig. 4a illustrates a typical excess heat capacity scan of
(direct binding) that produced by direct mixing of the enzyme ai@\VeP. the RNase A in the presence ofC3P (as a final product

[3I CM P]free/mM

3.3. Differential scanning calorimetry
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A alone and RNase A“GMP complexes (direct binding).
These experiments were done as the control and consistent
with the literature]18].

DSC technique is utilized to obtain additional knowledge
for structural transitions through the thermodynamic char-
acterization[30—32]. The thermal denaturation of RNase
A-3'CMP complexes (via enzymatic reaction) was studied
by DSC and the results were compared with direct bind-
ing of 3CMP with enzyme in the absence of the substrate.
The experimental conditions for direct binding and via en-
zymatic reaction were similar except the presence of sub-
strate for hydrolytic reaction. From hydrolytic pathway, the
DSC profile of RNase AZ&MP complexes (via enzymatic
reaction) shows two distinct splitting profiles that confirms
the two conformational transitions during the enzyme re-
action. It is worthy to note that splitting profile includes
two distinct peaks with different melting temperatureg ;T
Tm, = 325K andTy, = 337K (seeFig. 4a). The DSC
profile of RNase A and RNase A“3MP complex (direct
binding) indicate just one single peak without any splitting
(seeFig. 4b). The melting points profile of RNase A and
RNase A-3CMP complexes (direct binding) are 337 and
340K, respectively. This means that RNase &NP com-
plex is more stable than RNase A alone. This is worthy to
emphasize that the melting point belonging to the right hand
of splitting profile (sedrig. 4a) is equal to 337 K f;) and
it is identical with Ty, of the main conformational structure
of RNase A alone. Therefore, the left-hand splitting peak
is linked to the conformational structure as a new transition
during the enzymatic reaction.
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451 4. Conclusion

30 A combination of the kinetic and thermodynamic stud-
ies were carried out with RNase A with the purpose of
elucidating the cause of the non-hyperbolic kinetics of the
hydrolysis of cCMP by RNase A. Here, we have observed
two intermediates (kinetically) for RNase A via the en-
zymatic reaction with substrate cCMP. In this paper, we
© have imposed such intermediates thermodynamically by
Fig. 4. (a) DSC thermal profile (inset) and excess heat capacity of RNase binding studies and DSC. The binding analysis of RNase
A upon addition of 40 mM ZMP (via enzymatic reaction) in Tris—EDTA A with 3'CMP (via enzymatic reaction) shows two sets of
buffer (100 mM Tris, 2mM EDTA = 0.1 M) at pH 7.5. The experiment  binding of v near 10 that is including of electrostatic and

\

Cp/kJ.mol-1.K-1

15+

O 1 1 1 1 L 1 1 1 I I L 1 1 1 1
320 340 360 380 400
T/IK

was carried out in the presence of cCMP, which produc&wv® (the

final enzymatic product used as the ligand molecules in DSC study). The
concentration of RNase A is 3M. (b) Curves 1 and 2 show excess
heat capacity profiles of RNase A alone and RNase'8M3 complexes

non-electrostatic interactions. The first set is linked to the
first transition state, and the second set is relative to second
transition state having a higher cooperativity extent. It is

(direct binding). (c) Curves 1 and 2 show DSC thermal profiles of RNase important to note that the binding isotherm and DSC profile
A alone and RNase AZBMP complexes (direct binding) as the control  of RNase A—3CMP (direct binding) show only one binding
curves. set transition ob equal to 4 and a single thermal profile for
the enzyme structure, respectively. DSC profile for RNase
of reaction of RNase A with cCMP which is used as a A-3'CMP (via enzymatic reaction) shows a splitting peak
ligand). The sample cell containing a constant concentrationwith two melting points. This finding is an indication of
of RNase A and cCMP was incubated for a period of 2 h. The two physical transitions for the cited complex with different
substrate was completely hydrolyzed into the final product of structural stabilities. The existence of two peaks in the DSC
3'CMP. Fig. 4b shows the DSC profiles belonging to RNase profile at7Ti, = 325 and 337 K justifies the presence of two
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conformations with different stability. The results show the [12] X. Pares, R. Liorens, C. Arus, C.M. Cuchillo, Eur. J. Biochem. 105

new conformational structure during the enzymatic reaction
that is less stable than the main conformation of RNase A.

Acknowledgements

The authors thank Dr. M. Fooladi for valuable comments.

(1980) 571.

[13] F.G. Walz, Biochemistry 10 (1971) 2156.

[14] D.G. Anderson, G.G. Hammes, F.G. Walz, Biochemistry 7 (1968)
1637.

[15] J.P. Hummel, D.A. Ver Ploeg, C.A. Nelson, J. Biol. Chem. 236
(1961) 3168.

[16] M.R. Housaindokht, A.A. Moosavi-Movahedi, Int. J. Biol. Macromol.
16 (1994) 77.

The financial support provided by the Research Council of [17] A.A. Moosavi-Movahedi, M.R. Housaindokht, Int. J. Biol. Macromol.

the University of Tehran is gratefully appreciated.

References

[1] S. Safarian, A.A. Moosavi-Movahedi, J. Protein Chem. 19 (2000)
335.

[2] M. Moussaoui, M.V. Nogues, A. Guasch, T. Barman, F. Travers,
C.M. Cuchillo, J. Biol. Chem. 273 (1998) 25565.

[3] M. Moussaoui, A. Guasch, E. Boix, C.M. Cuchillo, J. Biol. Chem.
271 (1996) 4687.

[4] M.V. Nogues, M. Vilanova, C.M. Cuchillo, Biochim. Biophys. Acta
1253 (1995) 16.

[5] H. Katoh, M. Yoshinaga, T. Yanagita, K. Ohgi, M. Irie, J.J. Beintema,
D. Meinsma, Biochim. Biophys. Acta 873 (1986) 367.

[6] E.J. Walker, G.B. Ralston, I.G. Darvey, Biochem. J. 147 (1975) 425.
[7] E.J. Walker, G.B. Ralston, I.G. Darvey, Biochem. J. 153 (1976) 329.

[8] R. Piccoli, G. D'Alessio, J. Biol. Chem. 259 (1984) 693.

[9] M.R. Eftink, R.L. Biltonen, Biochemistry 22 (1983) 5123.

[10] Y. Mitsui, Y. Urata, K. Torii, M. Irie, Biochim. Biophys. Acta 535
(1978) 299.

[11] X. Pares, C. Arus, R. Liorens, C.M. Cuchillo, Biochem. J. 175 (1978)
21,

13 (1991) 50.

[18] F.P. Schwarz, Biochemistry 27 (1988) 8429.

[19] F.M. Richards, H.W. Wyckoff, in: P.D. Boyer (Ed.), In the Enzymes,
Academic Press, New York, 1971, 647 pp.

[20] E.M. Crook, A.P. Mathias, B.R. Rabin, Biochem. J. 74 (1960) 234.

[21] R. Piccoli, A. DI Donato, S. Dudkin, G. D’Alessio, FEBS Lett. 140
(1982) 307.

[22] A. DI Donato, R. Piccoli, G. D'Alessio, Biochem. J. 241 (1978) 435.

[23] L. Vitagliano, A. Merlino, A. Zagary, L. Mazzarella, Protein Sci. 9
(2000) 1217.

[24] C.F. Aguilar, PJ. Thomas, D.S. Moss, A. Mills, R.A. Polmer,
Biochim. Biophys. Acta 1181 (1991) 6.

[25] S.B. Del Cardayer, R.T. Raine, J. Mol. Biol. 252 (1995) 328.

[26] J.A. Winstead, F. Wold, J. Biol. Chem. 240 (1965) 3694.

[27] P.W. Atkins, Physical Chemistry, 4th ed., Oxford University Press,
Oxford, 1990, 860 pp.

[28] A.A. Saboury, A.K. Bordbar, A.A. Moosavi-Movahedi, Bull. Chem.
Soc. Jpn. 69 (1996) 3031.

[29] A.C. Bowden, D.E. Koshland, J. Mol. Biol. 95 (1975) 201.

[30] S.D. Stelea, P. Pancoska, A. Benight, T.A. Keiderling, Protein Sci.
10 (2001) 970.

[31] N. Poklar, N. Petrovcic, N. Oblak, G. Vesnaver, Protein Sci. 8 (1999)
832.

[32] J.F. Brandts, L.-N. Lin, Biochemistry 29 (1990) 6927.



	Calorimetric evidence for conformational transitions of RNase A in the presence of cytidine 2´,3´-cyclic phosphate
	Introduction
	Materials and methods
	Materials
	Methods
	Kinetic assay
	Binding measurement
	DSC measurement


	Results and discussion
	Saturation kinetic curve
	Binding isotherm
	Differential scanning calorimetry

	Conclusion
	Acknowledgements
	References


