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ABSTRACT. The primary structure of the human CstF-64 polyadenylation factor contains 12 nearly identical
repeats of a consensus motif of five amino acid residues with the sequence MEAR(A/G). No known
function has yet been ascribed to this motif; however, according to secondary structure prediction algorithms,
it should form a helical structure in solution. To validate this theoretical prediction, we synthesized a 31
amino acid residue peptide (MEAR)Acontaining six repeats of the MEARA sequence and characterized

its structure and stability by circular dichroism (CD) spectroscopy and differential scanning calorimetry
(DSC). No effects of concentration on the CD or DSC properties of MEARAre observed, indicating

that the peptide is monomeric in solution at concentrations up to 2 mM. The far@D/spectra of
MEARAG indicates that at a low temperature @) the MEARAs peptide has a relatively high helical
content (76% at pH 2.0 and 65% at pH 7.0). The effects of pH and ionic strength on the CD spectrum of
MEARAs suggest that a number of electrostatic interactions (g.g.+ 3 Arg/Glu ion pair, charge

dipole interactions) contribute to the stability of the helical structure in this peptide. DSC profiles show
that the melting of MEARA helix is accompanied by positive change in the enthalpy. To determine
thermodynamic parameters of heligoil transition from DSC profiles for this peptide, we developed a
new, semiempirical procedure based on the calculated function for the heat capacity of the coiled state
for a broad temperature range. The application of this approach to the partial molar heat capacity function
for MEARAg provides the enthalpy change for helix formation calculated per amino acid residue as 3.5
kJ/mol.

Mammalian cleavage stimulation factor (CStR$ an A
essential factor for '3end processing and polyadenylation
of pre-mRNA. The factor consists of three subunits with
apparent molecular masses of 77, 64, and 50 KDaThe
64 kDa subunit (CstF-64) interacts directly with pre-mRNA

downstream of the site of cleavag® (n a polyadenylation B ﬁ 79? ﬁ

409 .IDARGMEARAMEARGLDARGLEARAMEARAMEARAMEARAMEARAMEVRGMEARGMDTRG. 469

signal- (AAUAAA-) dependent fashion3]. The primary

structure of CstF-64 consists of 577 amino acid residues and <\, Y-MEARAMEARAMEARAMEARAMEARAMEARA-CONH)
can be conditionally divided into several domaid$. (The
N-terminal RNA-binding domain contains two ribonucleo-

protein (RNP) motifs. Two Gly/Pro-rich domains for which FIGURE 1: (A) Amino acid sequence of MEAR(A/G) domain of

no function has been described span residues-498 and CstF-64 spanning residues 40969 @). Every second pentad of
470-577. However, the most unusual feature seems to be aamino acid residues is underlined to accentuate the repetitiveness

of the sequence. (B) Amino acid sequence of the MEARé&ptide
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in the middle and the glycine-containing consensus repeatsto gel-filtration chromatography on Sephadex G-25 column
at the boundaries adjacent to the Gly/Pro-rich regions of to remove likely contaminants such as salts, scavengers, and
CstF-64. Such sequence peculiarity raises the question ofsmall molecules. The elution position of the peptide was
whether all the 60 amino acid residues in the MEAR(A/G) identified by RP-HPLC (Waters, Milford, MA) on a C4
repeat indeed form a helical structure, since it is known that analytical column followed by ESI-mass spectrometry with
Gly is strongly disfavored im-helical structuresg—11). In a triple-quadrupole instrument (VG Quattro I, Fisons
an attempt to shed more light on the possible structure of Instruments). The peptide was purified on a RP-HPLC C4
the MEAR(A/G) domain, we synthesized a 31 amino acid semipreparative column with a gradient of B0% aceto-
long peptide, MEARA, containing six repetitive MEARA nitrile with 0.1% TFA. The identity of the MEARApeptide
sequences with one tyrosine residue to measure peptidevas checked by ESI-mass spectrometry (determined molec-
concentrations. This synthetic peptide is expected to have aular mass 3530.5 Da as compared to the expected value of
high degree of helicity since it is well-known that Ala-rich 3533 Da). MEARA in a given buffer solution was prepared
peptides form helical structures in solutioh2¢-15). The by dialysis through SpectraPor membranes with a molecular
presence of the straight side-chain amino acids Met and Arg,weight cutoff of 1000. Prior to experiments the peptide
andy-branched Glu in the Ala-rich sequence context also solutions were clarified by centrifugation at 13@d0r 20—
favors helix formation §, 8, 9, 12, 13, 15—-17). Thei, i + 25 min at 4°C. The concentration of MEARAIn solution
3 spacing of arginine and glutamate promotes Arg/Glu ion was measured spectrophotometrically with an extinction
pair formation (8-23). Finally, charge-helix macrodipole  coefficient Efw »76.m0f 0.41, calculated by the method as
interactions between the first Glu residue and the N-terminus, described 25).
and between the last Arg residue and the C-terminus, could Circular dichroism (CD)measurements were made with
also contribute to helix stability (Figure 1B). a Jasco J-715 spectropolarimeter. Temperature was controlled

Our study of the synthetic MEAR#peptide was designed by a Neslab automated circulating water bath. Spectra of
to answer two major questions. First, is MEARpeptide ~ peptide solutions were measureda 1 cmwater-jacketed
able to form a helical structure in solution? Second, does cylindrical quartz cell for melting experiments a 1 cm
MEARA; exist as a monomer in solution or does it form rectangular quartz cell for the NaCl and 2,2,2-trifluoroethanol
oligomeric structures? Answers to each of these questions(TFE) titrations. Measured spectra were corrected for buffer
will have important implications for possible structures of effects and normalized per peptide concentration, which was
CstF-64. If the MEARA peptide is helical is solution, it ~ varied from 3 to 14«M. Ellipticity is expressed per mole of
increases the likelihood that this sequence will form a helical amino acid residues with 114 Da as an average residue
domain when it is part of the intact CstF-64 structure. molecular mass. All CD experiments were performed in
Similarly, oligomerization of the MEARA peptide in buffers containing 10 mM NaCl, and 1 mM each of sodium
solution would suggest a role for this motif in dimerization phosphate, sodium borate, sodium citrate (CD buffer) as
or protein—protein interaction when it is part of the CstF- described previously 2@, 25, 26). TFE solutions were
64 sequence. Using circular dichroism spectroscopy, we prepared using procedure describ@d)(
found that indeed the MEARApeptide forms monomeric Fractional helicity of the MEARA peptide, fy, was
highly helical (65-76% depending on pH) structures in the determined from the mean residue ellipticity at 222 nm,
solution. This finding suggests that the MEARA sequence [©]z2, as
repeat might form a helical structure when it is a part of the
CstF-64 sequence but diminishes the possibility that it is _ [Olz,— [Olc 1)
involved in CstF-64 oligomerization. o [8],— [0l

After establishing that the MEARA sequence possess high o _
helical content, we used differential scanning calorimetry Where P]c and [©] are the ellipticities of the fully coiled
(DSC) to measure directly the thermodynamics of helix ~and ful!y helical states, respectively. The elll_ptlcny of the
coil transition in this peptide. Analysis of the DSC data for fully coiled state depends on the temperatdréin degrees
helix—coil transition requires knowledge of the temperature Celsius), as15)
dependence of the partial heat capacity of fully helical and
fully coiled states of the peptide, information not accessible
experimentally 24). To overcome this problem, we devel-
oped a new, semiempirical procedure based on the calculate
function for the heat capacity of the coiled state for a broad
temperature range.

[©]. = 640— 45T )

Jhe ellipticity of the fully helical peptide,@]u, with the
humber of residues in the peptidhl, is related to the
ellipticity of the complete helix of infinite length @1}, as

MATERIALS AND METHODS [0],=[O]{1— (2.5N)} (3)

The MEARAs 31-residue peptide [actual sequence,NH where the @];; dependence on temperature (in degrees
Y-(MEARA)sCONH,] was synthesized by solid-phase Celsius) was suggested to be a linear functib):(
procedures on an automated peptide synthesizer (PE-Bio- el
systems, Framingham, MA) using Fmoc protocols on a solid o H
support resin (Fmoc-PAL-PEG-PS). At the end of synthesis, [©],; = —40 000+ ToT T (4)
the peptide was cleaved from supporting resin by the standard
TFA cleavage procedure (reagent R) followed by multiple Two different values for the temperature dependence,
ether extraction. The crude, lyophilized peptide was subjectedd[©]}/dT, have been reported2, 29): 125 or 250 de-
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helix propensity of this residue. It is known that neutral
glutamate, GI& which is present in MEARAat pH 2.0,
has much higher intrinsic helical propensity than the charged
glutamate, Gla, present at pH 7.01@3, 35, 36). Second is
the effect of electrostatic interactions at the helix ehd, (

13, 15, 36). At pH 7.0, favorable interactions are present on
both ends of the MEARApeptide: side chain of Gtuwith

the N-terminus and side chain of Argvith the C-terminus
(Figure 1). At pH 2.0, due to the protonation of the glutamate,
the stabilizing interaction at the N-terminus vanishes. Third,
the strength of the ArgGlu ion pair will decrease upon pH
decrease from 7.0 to 2.0. Smith and Schof3) (showed
that the protonation of the acidic residue in an ion pair leads
to a decrease in helix stability. This decrease, however, is
not very large. For example, in the analysis of Smith and
Scholtz the energy of interactions of the tysGlu~ ion pair
was estimated to be 280 cal/mol compared to 235 cal/mol
for the Lys"—GIu® pair. Fourth, a change in pH has an effect
on charged side chaithelix macrodipole interactions. These

five independent measurements. The standard deviations of thejnteractions are overall unfavorable for the Arg/Glu-type

measurements are approximately of the size of the symbols. (B)

Ellipticity of MEARA peptide as a function of NaCl (open
symbols) or TFE (solid symbols) concentration &t at pH 2.0
(O, ®) or pH 7.0 @, m).

pending on the method of estimatioh{. For a detailed

orientation as opposed to the Glu/Arg-type orientation. This
effect of relative orientation of ion pair relative to the helix
macrodipole influences not only the absolute value of
ellipticity but also the effect of pH on@]22, (15, 21, 23,

33, 34). Protonation of one of the partners in the Arg/Glu

discussion of the temperature dependence of the ellipticity jon pair upon pH decrease from 7.0 to 2.0 will lead to a

for fully helical reference state for MEAR#Ssee Results and
Discussions.

Differential scanning calorimetry (DS@xperiments were
performed with a VP-DSC (Microcal Inc.) instrumer®0§
at MEARA; concentrations from 1 to 5 mg/mL as described
elsewheredl). The partial molar heat capacity of MEARA
in solution was calculated with a partial molar volume of

decrease in the unfavorable chargrelix dipole interactions,
thus increasing the overall helix stability. An attempt to
guantify the chargehelix dipole interactions was undertaken
by Huyghues-Despointes et a83], using the effect of ionic
strength on the ellipticity of model peptides. They observed
effects qualitatively similar to the effects of NaCl concentra-
tions on ellipticity of MEARA, i.e., an increase ifd],,; at

0.721 cn/g (32). Scan rates in each experiment was 90 deg/ NaCl concentrations abevl M (Figure 2B). Exact enumera-

h. Reversibility of transition was checked by reheating the
same sample.

RESULTS AND DISCUSSION
Structural Characterization of MEARAn Solution by CD

tion of different electrostatic contributions to the stability of
this peptide will require further study by the approaches
developed by Smith and Scholt23) and Huyghues-
Despointes et al.3Q).

Prior to converting ®] .2, values into mean helical fraction,

Spectroscopyrigure 2A compares the spectra of MEARA  we established an experimental baseline for the 100% helical
peptide at 1°C at pH 2.0 and 7.0. Under both conditions structure. This was done by adding 2,2,2-trifluoroethanol
the spectrum is consistent witithelical structure, character- (TFE) to MEARAs in solution. TFE was chosen because
ized by well-pronounced minima at 222 and 207 nm and high concentrations of TFE are known to increase the helical
positive ellipticity at 190 nm. The absolute values of content of peptides with significant helical structure in water

ellipticity are larger at pH 2.0 @]222 = —27 000 degcm?-
dmol™?) than at pH 7.0 (®]222= —23 400 degcn?-dmol ),
indicating a somewhat higher helical content at the lower
pH. Spectra of MEARAwere obtained at several concentra-
tions of peptide differing by factors of 12, 25, 37, and 50.

to almost 100% Z29). Figure 2B shows the effect of the
increasing concentrations of TFE on th®]§,, values of
MEARAg at pH 2.0 and 7.0 at 1C. The values of ®]22,
become more negative with the increase in concentration of
TFE, approaching a plateau at35 500 deecrm?-dmol .

Spectra at all concentrations were practically superimposable,This plateau value was independent of the pH (2.0 or 7.0)

indicating that the peptide is monomeric in solution at both
neutral and acid pH (data not shown). The effect of pH on
the ellipticity of MEARAs is qualitatively in good agreement
with earlier results obtained on several different peptide
design incorporating Arg/GIu3@), or Lys/Glu @1, 34, 35)
pairs ini, i + 3 spacing. In each peptide ellipticity at 222
nm was more negative at low pH than at pH 7.0, which
agrees with our data for MEARA

The difference in ellipticity of MEARA at pH 2.0 and
7.0 can be attributed to at least four different factors,
contributing simultaneously to the stability of the peptide.
First is the effect of titration of glutamate on the intrinsic

but was reached at a different concentration of TFE at each
pH. At pH 2.0 the plateau value was reached-a8tM (20%

viv) TFE, whereas at pH 7.0 the same ellipticity is reached
at~5 M (35% v/v) TFE. This difference in the concentration
of TFE required to reach the saturation 6f]p,, might be a
consequence of the difference @]h2. for no TFE at these
pH values. A similar plateau value at different pH might
serve as an indication that at high concentrations of TFE,
MEARAG has similar and presumably 100% helical content
at 1°C. Additional support for this conclusion comes from
the estimates of@],», from eq 3 for a fully helical 31-mer
peptide. Equation 3 calculates that the MEAR#eptide in
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Ficure 3: Temperature dependence &]p,, of the MEARAs
peptide. The profiles were obtained at pH 2@ (0, A) and pH
7.0 €, v) orin 60% TFE at pH 2.0@) and pH 7.0 #, ¥). The
concentrations of MEARAfor each experiment were 1M (O,
<), 35uM (O), 90uM (A, V), 8uM (@, #), and 3uM (V). The
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FiIGUrRe 4: (A) Temperature dependence of the mean helix content,
fu(T), at pH 2.0 ©O) or pH 7.0 Q) calculated from the CD data
using eq 1 or at pH 2.0&) from the analysis of DSC data shown
in Figure 5. Continuous lines drawn through the points do not carry
any meaning but are only meant to guide the eye. (B) van't Hoff
plot for MEARAg unfolding monitored by CD at pH 2.60) and

pH 7.0 @) or by DSC at pH 2.0@®). The fits of the individual
data to the van't Hoff equation gave the following estimates for
the enthalpy and entropy changes: 36 kJ/molai@2 J/(Kkmol)

for DSC; 38 kJ/mol and-129 J/(k:mol) for CD at pH 2.0; and 35
kJ/mol and—123 J/(kmol) for CD at pH 7.0.
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of MEARAg in high concentrations of TFE, in which the

thick solid lines show the temperature dependence of the ellipticity helix-forming peptides are usually assumed to have close to

at 222 nm for the random coil]c, eq 2) or completely helical
peptide 31 amino acids long®[u, eq 4).

a fully helical conformation at 2C will have an ellipticity
of —36 500 degcn?-dmolt. This value is in close agreement
with the observed plateau value-685 500 degcn?-dmol
for ellipticity at 222 nm that was measured experimentally
from the TFE titration (Figures 2B and 3), suggesting that
at high concentrations of TFE at’C, MEARAs was nearly
100% helical. Knowing the expected values 6]}, for
the coil (eq 2) and for the fully helical peptide (eq 3), we
were able to estimate the fraction of MEARAeptide in
the helical conformation by using eq 1. It was found that in
the absence of TFE at°C the fraction of MEARA residues
in helical conformation is 76%: 3% and 65%t+ 3% at pH
2.0 and 7.0, respectively.

Figure 3 shows changes i®].2, values of MEARA as
a function of temperature. The melting profiles of MEARA

100% helical content2Q). The temperature dependence of
MEARAg in 9 M (60%) TFE estimated from the linear fit
of the experimental data (Figure 3) obtained at different pH
values and peptide concentrations is 190 cieggdmol-°C1.
This value for MEARA translates into 210 degm?-dmol-
°C~1 for the infinite helix, very close to the estimate of 250
degcm?-dmol1-°C~1 by Baldwin and co-workersl6, 29).
Our experimental estimate of 190 deg¥-dmol-°C™1,
however, implies thatn 9 M (60%) TFE the amount of
helical structure in MEARA peptide is independent of
temperature.

Using the value of 250 degn?-dmol*-°C~* for the
temperature dependence of the ellipticity of an infinite helix,
the fraction of helical structurdy, in MEARAG at the two
different pH values will have dependencies as shown in
Figure 4A. The temperature dependencd.oéllows us to
calculate the van't Hoff enthalpyAH,w, from the slope of

obtained at different peptide concentrations and different pH the dependence ofR In [(1 — fy)/fu] on LT (Figure 4B).

values overlap, indicating that MEARAS monomeric in

This analysis gives estimates faH,y of 38 and 35 kJ/mol

solution at both low and high temperatures and over a rangeat pH 2.0 and 7.0, respectively. These estimates can be

of pH values. As expected, the absolute value of ellipticity
of MEARAg at 222 nm decreases with the increase in
temperature and reaches an apparent saturatiof®9@rC.
The [@]22, values for MEARA at pH 2.0 and 7.0 approach,

compared with the results obtained on a 51 residue peptide
analyzed by Scholtz et aR4). They determined a value for
AH, of 47 kd/mol at pH 7.0, or 0.94 kJ/mol per amino acid
residue. This compares to the value of 1.1 kJ/mol per amino

at high temperatures, the ellipticity values calculated for the acid residue for MEARA The correspondence between two
fully coiled peptide according to eq 2, suggesting that the sets of data is remarkable, keeping in mind the wealth of

peptide is fully unfolded at high temperatures (Figure 3).

knowledge, both experimental and theoretical, on helix

To calculate the temperature dependence of the fractionstability accumulated in the past decads, (37, 38). The

of MEARAG in helical conformation we used eq 1, with the

temperature dependencies of the ellipticities for the coiled,

[®]c, and fully helical, P]4, states defined by eqs 2 and 3,

van't Hoff enthalpy, however, represents an enthalpy of a
two-state state transition of 1 mol of cooperative unit, which
in the case of helix-coil transition is not the same as 1 mol

respectively. Although the temperature dependence of el-of peptide 23, 24, 28, 29, 39). To determine the true enthalpy

lipticity for the coiled state is well-definedlf), the tem-
perature dependence of ellipticity of fully helical peptide is

associated with the helixcoil transition, we used the more
direct method of differential scanning calorimetry, DS, (

not. Two different values for the temperature dependence40).

of ellipticity 9[@®],;/dT have been reported2g, 29): 125
and 250 degem?-dmol2-°C~L. The expected ellipticity for
fully helical MEARAg peptide at low temperature is in

Thermodynamics of MEARAIJNnfolding from DSCThe
DSC profiles for MEARA; peptide at pH 2.0 are shown in
Figure 5. Complexity of analysis of the DSC data depends

excellent correspondence with the experimental ellipticity on two parameters: reversibility of the observed reaction
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In the case of highly cooperative two-state transitions, such
as those observed for globular proteir®,(40), the heat

¢ capacities of the initial (native) and final (unfolded) states
"3 are well-defined, can be measured experimentally, and can
£ be used to determine the excess heat capacity funcibn (
2 43). In the case of the helixcoil transition the heat capacity
= function of the initial fully helical state is not accessible
o] experimentally and only the final unfolded state can be
PR SO e defined relatively well. Thus, to determine the excess heat
0 20 40 60 80 capacity function, one needs to define the progress heat

capacity function by an empirical approach. There are several
ways of defining the progress heat capacity function for

Ficure 5: Temperature dependence of the partial molar heat i o : L
capacity of MEARA; in 20 mM glycine hydrochloride buffer, pH helix—coil tranSIt.lo.ns £4). E.ach IS ba.‘s.ed .On a fitting
2.0. The DSC profiles were obtained at the concentrations of peptideProcedure that divides a hetixoil transition into a large
of 1.6 mM (O, O) or 0.4 mM (a, A) by scanning the samples up number of two-state transitions determined by the temper-

(3, &), down ©), or rescanning&). The thick solid line represents  ature-independent enthalpy. While such a procedure might
the expected DSC profile for the hetixoil transition calculated not be strictly valid for a helix-coil transition, it appears to

with the AH = 107 kJ/mol. The dotted line represents the partial _ . L : .
molar heat capacity of MEARN the unfolded cgnformatiom:pg- yield values similar to our estimates of the enthalpy of helix

Temperature (°C)

(T), calculated by using the additivity schengi(51). melting. o
. _ _ . . We developed a new procedure for the determination of
and molecularity of this reaction30). The helix-coil the enthalpy of the helixcoil transition from calorimetric

transition of MEARA at pH 2.0 seems to be a monomo- data. This procedure is based on two premises. First, the heat
lecular reaction. The DSC profiles obtained at two different capacity change upon hetixcoil transition,AC, = C,y —
concentrations of MEARA(0.4 and 1.6 mM) are superim-  C,, is very small and can be assumed in a first approxima-
posable. This points out that even at these higher concentration to be zero, i.e.Con = Cpu. Indeed, according to the
tions (as compared to CD experiments), MEARXists in currently accepted view, the heat capacity change upon
a monomeric state over a temperature range from 0 to 95unfolding is caused mainly by the hydration of the newly
°C. The heat-induced hetixcoil transition in MEARA  exposed surface areas of the group buried in the initial state,
peptide was also fully reversible, as was seen from the highwith polar and nonpolar groups having contributions of
reproducibility of the calorimetric profiles obtained upon two opposite signs (e.g., re#4—47). Theoretical calculations
consequent heatings of the same sample (Figure 5). suggest that the amount of surface area exposed upon helix
Although the heat-induced transition reaction of MEARA  unfolding is small and involves both polar and nonpolar
is reversible and monomolecular, analysis of the DSC profile groups 48—50). Second, at high temperatures a peptide
presents a challenge because hetigil transition in isolated exists in the unfolded state, as follows from the close
helical peptides cannot be described by a simple two-statecorrespondence of th@], values for MEARA; obtained
transition model 12, 23, 24, 28, 29, 39, 41, 42). Following at high temperatures and ellipticity values for the coiled state,
the classical work of Biltonen and Freiré3), the first step  calculated according to eq 2 (Figure 3). On the basis of these
in the analysis of DSC profiles is the determination of the two premises, eq 7 can rewritten as
excess heat capacity functia®,(T)[®, the heat capacity
caused exclusively by the heat released or absorbed during Cp’g(T) =[F(T) + F,(MIC, (T =C,(T) (8
the reaction. The importance of tig,(T)®*function follows N v Py Py

from the fact that the area under it represents the enthalpyThus the knowledge of the heat capacity function for the

of the reaction in study, i.e. unfolded peptide will allow the estimation of the progress
© heat capacity function and thus of the excess heat capacity
AHe = [ C(MEF€dT (5) function, which carries the information about the enthalpy
of the process.
The excess heat capacity functiid,(T)® is expressed as Several years ago, Makhatadze and Privalay 45, 51)
a difference between the experimen(@f”(‘D, and progress,  developed a semiempirical approach for predicting the partial
CS’Q(T), heat capacity functions3(): molar heat capacity functions of proteins and peptides in the
unfolded state. This approach requires the knowledge of the
[C,(MEF=CAT) — CTYM) (6) amino acid composition of the given polypeptide and allows

calculations of the partial molar heat capacity as
The progress heat capacity is defined by intrinsic (partial)
heat capacity over the entire temperature range: Cca' MU z n.Cp.(T) + (N = 1)C, chcond™  (9)

Co(T) = Fy(MCyn(M + Fu(MC, (M (7) _ _ _ _ _
whereN is the total number of amino acid residues in the

whereC, n(T) andC, y(T) are the temperature dependencies sequencen is the number ofth type amino acid residue,
of the partial heat capacities of the initial (native) and final Cp.('D is the partial molar heat capacity for the side chain
(unfolded) states, respectively, aRd(T) andFy(T) are the of the ith type, andC,cicon(T) is the partial molar heat
fractions of the protein in the initial (native) and final capacity for the peptide unit. The values 6f;(T) and
(unfolded) states. Co.cHcond(T) have been derived for all 20 amino acid residues
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and for the peptide unit from the experimentally measured enthalpic,AH, but also by entropic;-TAS, contributions.
partial molar heat capacities of model compounds for the This conclusion is in accord with earlier semiempirical
temperature range from 5 to 126 (44). It has been shown estimates of noncovalent factors important for protein
that the calculated (eq 9) and experimentally measured heastability (45) and with theoretical prediction$38). These
capacity functions for the unfolded states of more than a studies argued that dehydration of the peptide backbone upon
dozen of proteins and peptides coincide with very good helix formation had an important contribution to helix
accuracy 45, 52). The same is observed for the MEARA  stability, a contribution that was qualitatively similar to the
peptide, where the calculated and experimental values foreffect observed on the MEARApeptide.

the partial molar heat capacity are very close at high

temperatures (Figure 5). This indicates that indeed the stateCONCLUDING REMARKS

of the MEARAs peptide at high temperatures is very close Far-UV CD spectroscopy of the synthetic MEARA

to the unfolded coiled state, in agreement with the results of ) o :
the CD experiments (see Figure 3). Similarity between the peptide shows that it is monomeric an_d that the ME'.%RA
gequence can adopt a highly §5%) helical conformation

calculated and experimentally measured heat capacities o . .
MEARAG at high t?emperaturgs also indicates thaFt) we can N adueous solu'qon. This suggests that the .MEARA sequence
use the function calculated according to eq 9 to define the a?hael?c"gltg;?;;ﬁg;ggtgﬁigO\Izgunlqeugt"Eg:ealﬁgng\?g an
expected heat capacity function of the unfolded MEARA o - : L '
Thus, we can define the progress heat capacity (egs 7 an(}hat there are reported instances where a given sequence can
8) and ultimately, the excess heat capacity function for adopt two different conformations depending on the context
MEARA (Figure ’5) with which it is inserted %8) or where the structure of the

The ir?tegr%l of tﬁe experimental and the progress heat peptide in solution is different from the structure in the intact

. ) . protein 69). The Paracelcius challengé( 61), and suc-

capacity functions from 0 to 98C (Figure 5) represents the cessful 62) and not so successfisd, 64) attempts to meet

heat of helix-coil transition estimated at 80 kJ/mol. Since _ o .
. this challenge also alerts us to the possibility that tertiary

we have shown from the analysis of CD spectra at pH 2.0 . : . ) 2 X
interactions can be more important in defining the final

o 1 ~ 0 1
and 0°C that MEARA; is ~75% helical, the enthalpy of “look” of the folded protein structure. While MEARAIS

100% helix to coil transition in MEARA peptide will be almost certainly helical under all conditions of physiological
107 kJ/mol, or 3.5 kJ/mol of amino acid residues. This . y . phy gical
interest, we cannot say with the same certainty that this is

enthalpy is in excellent correspondence with the enthalpy . i .
of 3.8 kd/mol of residues obtained by Scholtz et a#)(on true_of MEAR(A/G). repeat seen in the (.:StF 64.9“’“?'“- In
particular, the glycine residues in the fifth position in six

the 51 residue Ala-based peptide using a simpler baselmeout of the 12 repeats would tend to destabilize the helix.

gz?r:';:g g;oﬁ§?£2%i|f?:a§;§g§'ifngtg ek Jlljnfg Sduatabr;l'she Additionally, the structural contributions of the Gly/Pro-rich
Py ' P domains that flank the MEAR(A/G) repeat are not yet clear.

previous theoretical and empirical estimates that helix . . ) .
o . ; Further experiments will be required to address these issues.
formation is accompanied by relatively low enthalpy values

(15, 29, 45, 46, 50, 53). Knowing the enthalpy of helix As a model peptid_e, I\/_IEARAse_ems to be a useful tool_
coil transition, one can calculate the heat capacity profile to evaluate the contributions of different forces to the helix

for the MEARAs peptide at pH 2.0 even for temperatures stability. Using more precise DSC instrumentation and a new

below the freezing point of water (Figure 5). It appears that 2PProach to analyze the DSC profiles for helpoil transi-
100% helical structure will be populated arour@5 °C, tion, we were able to estimate the enthalpy of hebwil
outside experimentally accessible temperature range. It alsgansition to be relatively small, on the order of 3.5 kJ/mol
allows us to estimate the van't Hoff enthalpy of unfolding, of amino acid residue. This enthalpy change is at least several
AHw, from the slope of the-R In [(1 — fu)/fy] vs 1T times smaller than the enthalpy of unfolding of small globular
function (Figure 4B). This analysis shows that the van't Hoff Protéins. The stability of an isolated helical peptide in

enthalpy (36 kd/mol) is lower than the calorimetric enthalpy S°!ution is not defined solely by the enthalpic factor. It
(107 kJ/mol) by a factor of-3, thus providing additional =~ &PP€ars that the entropic factor, arising presumably from

evidence for the non-two-state character of the transition in d€nydration of the peptide backbone upon helix formation,
MEARAs. The van't Hoff enthalpy obtained from th®]»2 can be a significant contributor to the helix stability.
melting profiles (Figure 4) is 38 kJ/mol, in excellent

agreement with th&H, obtained from the DSC data. The ACKNOWLEDGMENT
mean helical fractiondy(T), obtained from the CD and DSC We express our deep appreciation to Dr. Marty Scholtz
experiments change in a similar way (Figure 4A), indicating (Texas A&M) for numerous discussions on the manuscript
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to coil transition in the MEARA peptide.
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