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ABSTRACT: Calbindin Dy is a dicalcium binding protein consisting of two hetiloop—helix EF-hand

motifs joined together by a flexible linker region where one metal ion can bind to each of the two loops.
A proline residue at position 43 in the linker region displays-tians isomerism in the wild-type (WT)
protein. Such isomerism appeared to be removed by substituting the proline with a glycine or a methionine
in the P43G or P43M mutant. We have extended the available mobility studies on the P43M mutant
through amidé>N Ry, R,, andR;, measurements. This has revealed unexpected conformational equilibria
on the millisecond time scale involving residues 38;-42, and 46 in the linker region and residues 18

and 19 in calcium binding site | with similar energy barriers. These data are discussed in comparison
with those available for the WT, as well as the apo-, mono-, and disubstituted P43G mutant. Quantification
of water-amide proton exchange rates using saturation transfer and qualitative applicatiéd- of
(CLEANEX-PM)-FHSQC shows the values are in agreement with high mobility for the above-mentioned
residues. Cross correlation betweeniN dipole—dipole relaxation and®N CSA relaxation indicates

that some of these mobility differences may extend to the sub-nanosecond time scale. Similar data were
also obtained for the derivative where the calcium ion in the C-terminal loop was replaced with lanthanum.
The results presented here show that, contrary to expectations, there are significant differences in dynamics
between the dicalcium state of P43G and P43M and that these differences are not confined to the flexible
linker region containing the point mutatiomhey also demonstrate that substitution of a lanthanide ion

for calcium, which is a common procedure, does not significantly alter the mobility of the native protein.

Calcium ion is an important second messenger in a wide particularly well-studied example of an EF-hand is the small
variety of cellular functionsk). As a consequence, calcium- (8.5 kDa) calcium binding protein calbinding

binding proteins make up an abundant and well-studied class  Calbindin Dy (Cb hereafter) is a dicalcium binding protein
of metalloproteins. One group of such proteins is character- consisting of four helices and two EF-hands joined together
ized by a helix-loop—helix structure known as an EF-hand.  py a flexible linker region with one metal ion bound to each
Often two or more EF-hand motifs are connected via a of the two loops. The protein is implicated in intracellular
flexible linker segment that may lead to cooperative interac- Cg2* transport. Structures of the apé)( the dicalcium
tions between the CGa binding centers2). It is generally (CaCaCb) 6), monolanthanide-substituted (CaLnCHh),(
believed that those EF-hand proteins with a regulatory role monocadmium (CdCb)j, and dimagnesium (MgMgCbB)
are activated for interaction with other cellular proteins by complexes have all been determined by either NMR
large conformational changes associated with calcium bind- X-ray diffraction techniques. The NMR structure of the
ing, while those associated with ion buffering or transport calLnCb derivative is shown in Figure 1 (PDB entry 1KSM)
undergo much smaller structural modificatior®-6). A (7). These structures have revealed that as expected only very
minor changes occur in the N-terminal EF-hand upofCa

T This research has been financially supported by the RTD projects binding, Whlle'somgwhat larger changes accompany binding

(“FIND Structure” Contract QLG2-CT-1999-01003) and (“Transient 10 the C-terminal site.

NMR” Contract HPRI-CT-1999-50006). Financial support for C.J.C.’s
stay in Florence was provided by the Fogarty International Center of

the NIH through Grant FO6-TW02239-01, which is gratefully acknowl- 1 Abbreviations: NMR, nuclear magnetic resonance; CSA, chemical
edged. shift anisotropy; HSQC, heteronuclear single-quantum correlation;
*To whom correspondence should be addressed. E-mail: ccO5@ FHSQC, fast heteronuclear single-quantum correlation; CLEANEX-
swt.edu. Fax: (512) 245-2374. Phone: (512) 245-3117. PM, phase-modulated clean chemical exchange; NOE, nuclear Over-
* Magnetic Resonance Center and Department of Chemistry, Uni- hauser effect; WT, wild type; P43G, calbindinyOmutant with the
versity of Florence. Pro43— Gly substitution; P43M, calbindin § mutant with the Pro43
§ Southwest Texas State University. — Met substitution; MM.Cb, calbindin By with metal ion M in site
"Magnetic Resonance Center and Department of Agricultural |and M in site Il. Amino acids are denoted by their standard one- and
Biotechnology, University of Florence. three-letter codes

10.1021/bi015945n CCC: $22.00 © 2002 American Chemical Society
Published on Web 03/30/2002



15N NMR Mobility Study Biochemistry, Vol. 41, No. 16, 2005105

millisecond) internal motions, while magnetization transfer
is sensitive to protein movements on the millisecond to

Site Il second time scale. Since many biochemically significant
properties such as protein local stability, redox potentials,
and proteir-protein interactions are all related to motions
on the microsecond to millisecond time scale and the fact
that both the very fast and very slow dynamics on calbindin
Dok have already been studied by othet§, (12, 22), we
have chosen to concentrate our efforts on this time regime.
For the sake of completeness and to facilitate comparisons,
we have also looked at fast and slow protein mobility via
cross correlation and saturation transfer experiments, respec-
tively. In this report, we compare these dynamics for the
CaCaCb P43M with those of the C-terminaPtaubstituted
protein (CaLaCb) and with those already reported for the
CaCaCb P43G mutant.

Site |

N-terminal C-terminal MATERIALS AND METHODS
Sample PreparatiorProtein expressior2@) and purifica-
Ficure 1. Structure of CaLnCb P43M (PDB entry 1KSM). tion (24) of both the C&" and the apo form of the bovine
Pro43— Met (P43M) mutant25, 26) of calbindin Dy were
In contrast to the small structural changes accompanying performed as reported. The expression system was a generous
Ca* binding to calbindin*N relaxation and amide proton  gift of S. Fors@. Uniformly 5N-labeled overexpressed P43M
exchange studies have revealed dramatic effects on theyas obtained from M9 minimal medium containift§NH.)--
dynamical properties of the protein on a wide variety of time SO, as the sole nitrogen source. The site Il lanthanum
scales§, 10—12). Since wild-type calbindin displays aeis  substitution procedure is described elsewha&@.(The pH
trans isomerization about the Gly4Pro43 amide bond that  \as adjusted to 6.0 by means of 0.1 M NaOH or 0.1 M
results in two distinct sets of NMR resonanc&§)( most ~ HC|. The samples were kept af@ between measurements.
SUCh Studies haVe Utilized the recombinant P43G and P43M NMR Experimentsd\” NMR experiments for determina-
mutants. The available evidence suggests that in solution attion of 15N and!H relaxation rates were recorded at 300 K,
pH 6.0 the structural changes induced by these substitutionsexcept when otherwise specified, on 2.0 mM samples on
are very minor and localized around the site of the mutation gryker Avance 400 and 700 spectrometers.
in the flexible linker region13). Nonetheless, it has recently 15\ Ry(1/re) relaxation rates at 9.4 and 16.4 T were
been reported that under crystallization conditions {p0) measured using the relaxation-compensated-cRurcell-
the P43M mutant dimerizes in the solid state via so-called Meiboom=Gill (CPMG hereafter) pulse sequences previ_
EF-hand subdomain swappind4j. The formation of a  ously reported in the literatur@7). For bothB, fields and
hydrophobic cluster in the region linking the EF-hands poth CaCaCb and CaLaCb derivatives, data were collected
appears to promote the formation of the three-dimensional for ¢, values of 1.0, 1.5, 2.0, 4.0, 6.6, 10.8, 21.5, and 64.5
(3D) domain-swapped dimer. ms. Spectra were acquired using 122048 complex points
Lanthanide ions have long been used as probes for theand spectral widths of 30.0 and 13.0 ppm in thendt;
spectroscopically silent €a ion in many calcium ion- dimensions, respectively. THel carrier frequency was set
binding proteins 15—17). These studies have utilized both coincident with the water resonance; tfid carrier frequency
the luminescent and magnetic properties of the lanthanideswas set to 115.5 ppm. The recycle delay was 3 s. A total of
to obtain information about the structure and function of the 16 transients were recorded for each complex point. The free
native C&" systems. It is clear that despite the differences induction decays were processedrnby apodizing with a
in charge between the lanthanide and calcium ions, replace-cosine bell window function, zero-filling once, and Fourier
ment of the latter by the former causes only very minor transforming. The resulting spectra were phase and baseline-
structural rearrangement$d), justifying their use as struc-  corrected. Thé&; interferograms were apodized with a cosine
tural probes. However, little or no data are available bell window function, zero-filled once, Fourier transformed,
concerning how such substitutions affect the dynamic and phase corrected.
properties of the protein. Since lanthanide ion probes have Off-resonance rotating frame relaxation raua%fﬁ were
been used to study the NMR characteristics of calbindjn ( measured as a function of the effective spin-lock power at
16, 19), we have been prompted to compare the protein 9.4 T using a previously reported sequen28)(For both
dynamiCS of this System to determine if the substitution of CaCaCb and CaLaCR&OFF measurements were recorded at
Ca* with La*", with its higher charge, had any significant 10 different effective spin-lock power values (the corre-
effects on protein mobility. sponding tilt angles are given in parentheses): 5.19)(35
Protein dynamics occur on a wide variety of time scales 4.64 (35), 4.11 (35), 3.66 (35), 3.28 (35), 2.98 (35),
and have important implications with respect to the functions 2.66 (50), 2.36 (50), 2.10 (50), and 1.88 kHz (5%). The
such as enzyme activity and ligand bindi2§,(21). Nuclear effective spin-lock power was varied either by varying the
spin relaxation methods provide data on both the fast offset between the frequency at which the spin lock was
(picosecond to nanosecond) and slow (microsecond toapplied and the frequency corresponding to the center of the
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15 i i
.N window (held ConStant())F?:r by changing the applid Table 1: >N Relaxation Parameters for CaCa P43M Calbindi D
field strength. For eachR;,~ measurement, data were at 300 K
collected for a spin-lock period of 10, 20, 36, 60, 86, 100, 1BNR, 15N R BNR, NR,
150, and 200 ms. A trapezoid-shaped spin-lock adiabatic residue (s%) (s%) RJ/R residue (s9) (s9 RJ/R
pulse wih a 2 msramp in amplitude was always applied. _ _ _ 39 3024 784 259
The conditions of acquisition that were used were the same 2726 7.827 2.87 40 2.842 7.37 259
of those for theRy(1/rcp) measurements. - - - 41 2653 756 2.85
: 1 3.042 8267 272 42 2429 873 359
_Meas_uremen_ts of the cross correlatlo_n betw&dh-H 5921 8127 278 43 5892 1671 578
dipolar interaction and°N CSA were carried out at 16.4 T 3041 885 291 44 2523 1225 4.86
using a previously reported sequen2é)( Durations for the 3.169 894 282 45 2702 7.26 2.69
dephasing delay, £ were 46.7, 68, and 132 ms. The 3128 832 266 46 3207 1096 342
conditions of acquisition that were used were the same as 3154 899 28 47 3017 800 265
10 3114 882 283 48 3056 851 278
those for theRy(1/7)) measurements. 11 3158 923 292 49 3073 860 2.80
N R; relaxation rates were measured at 9.4 T for both 12 3.107 847 273 50 3113 886 285
CaCaCb and CalLaCb using an already reported sequence 13 ~ 3023 886 293 51 3118 855 2.74
o . ; 14 3169 874 276 52 3056 802 262
modified to remove cross correlation effects during the 75 3998 811 262 53 2728 704 258
relaxation delay30). The recycle delay was 1.8 s, and water 16 2923 771 264 54 3.073 850 2.77
flip-back was used to suppress the strong solvent signal. Ten 17 3.035 762 251 55 2898 820 283
experiments were carried out, with recovery delays of 10, ig g-s;g Egg j-g? g? 3'825 ;-gg g-gz
70, 150, 250, 380, 540, 740, 1000, 1350, and 3000 ms. The 5, ' - ’ 0 5 7
experimental conditions were the same as for the measure- 21 3.057 7.99 261 59 3.143 8.16 2.60
ment of N R, relaxation rates. 22 3.063 775 253 60 3102 7.61 245

Amide proton exchange rates were initially measured using 5431 g'igi g'gé g'gg g; g'igg g'gg g'gé
NMR saturation transfer experiment81( 32). In these 25 3155 937 297 63 3126 934 299
experiments, &N HSQC correlation spectrum acquired with 26 3.053 838 274 64 3.015 830 275
no presaturation was compared with one with 3.0 s of 27 3154 937 297 65 3166 914 289

- : 28 3169 933 294 66 3166 935 2.95
presaturation. Fast amide proton exchange rates were also 50 3777 g7 289 a7 3135 853 272

OCO~NOOUOITAWN P

measured' USinbEN-.(CLEANEX-PM)-FHSQC experiments 30 3.113 9.03 2.90 68 3.134 860 2.74
(33, 34) with a mixing time of 100 ms. 31 318 936 294 69 3.107 8.70 2.80
; _ 32 3.212 9.48 2.95 70 2.958 8.45 2.86
Nl\ﬁg N'\?tR data Wire processed with the Bruker XWIN 23 3162 870 o718 " 3008 823 274
soitware package. 34 3124 871 279 72 2829 7.76 2.74
35 3.118 9.15 2.93 73 2.736 7.39 270
36 2966 8.21 2.77 74 2.683 7.43 2.77

RESULTS 37 - - 75 1.347 341 253

38 3.206 11.66 3.64

Protein motions on the microsecond to millisecond time
scales are normally due to chemical or conformational kinetic  The meanR./R; ratio also allows for an estimate of the
phenomenaQ, 21). Such exchange processes contribute to ¢, of the protein 87). The average value &/R; is 2.91+
the transverse relaxation rate and can be studiéehbWMR 0.52 which decreases to 2.270.15 when residues (Gly18,
relaxation measurements for the amide backbone resonanceasp19, Ser38, Gly42, Met43, Serd4, and Leu46) which
using CPMG (laboratory frame) oRy, (rotating frame)  deviated more than SD from the average were excluded. This
experiments. These exchange processes can then be quaniindicates that exchange phenomena were active for these
fied, typically by measuringR, as a function of I, in the seven residues. Surprisingly, for the analogous CaCaCb
CPMG experiments dRy, as a function of the effective spin-  pP43G, no residues showed evidence for significant exchange
lock field in the rotating frame experiments. In the study broadening 12). Thus, in contrast to expectations based on
presented here, we have utilized both methods. the small and extremely localized chemical shift differences

Laboratory Frame Experiment$or CaCaCbR; values and structures between the two mutant proteins, their
(Table 1) were measured at 400 MHz and 300 K and were dynamical properties appear to be significantly different. In
as expected quite uniform. The average value is @126 addition, these dynamical changes are not restricted entirely
s ! for all data which reduces to 3.880.10 st when values  to the site of the mutationSimilar experiments were
more than SD from the average were excluded. These latterperformed on a sample of CaLaCb. The results (Supporting
values corresponded to residues near the termini and in theinformation) show that the L2a-substituted protein has
flexible linker region (residues 4045). 15N Ry(1/r¢p) values dynamic properties very similar to those of the?Ca
were measured at several valuestgfwith the data for a ~ analogue. A notable difference is the increase in the exchange
7ep Of 1 ms being representative (Table 1). TR£R; ratio contributions tdR; for residues Gly18 and Asp19 located in
is a useful diagnostic parameter for the preliminary evaluation loop | and for residue Gly42 in the linker region. Smaller
of relaxation data 35, 36). Values of R/R; substantially changes in theR,/R; ratio are also found for Met43 and
greater than the mean are indicative of the presence ofSer44. However, these changes are marginal with respect to
chemical exchange phenomena which increBsewhile the differences between the P43M and P43G variants.
values below the mean are the result of fast internal motions Attempts to obtain dispersion curves for a quantitative
contributing to the relaxation. The results for P43M are determination of theéR.x contribution toR, were thwarted
shown in Table 1 and Figure 2. by a lack of observable dispersion in plotsRfversus 17,
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A 35+ Table 2: Values oRe, for CaCaCb P43M at 300 K
30_' residue Rex (57 residue Rex (s7D)
18 3.13 43 8.42
254 19 5.24 44 3.96
] 38 3.37 46 2.67
201 42 3.44
i . - |
o 151 whereR; is the longitudinal relaxation rat&, the transverse

self-relaxation rate, an, the relaxation rate associated with
the exchange process. When off-resonance effects are
neglected (which may become significant for wide sweep
widths), 8 = 90° for the on-resonance experiment. Hence,
Ri, measurements provide the same informationRas
Residue Number measurements. In the off-resonance experiment, the rotating
frame is tipped by an angk with respect to the laboratory
frame, and in this cas&; is calculated from eq 1 using two
different values of 35 and 50. Unfortunately, these data
show no dispersion iR, as a function ofwex and thus do

not provide any new information relative to the more easily
performed CPMG experiments and do not allow a more
guantitative determination dRey.

Temperature Dependence of. Since no dispersion in
R, values as a function of/d., was noted in the CPMG
experiments at 300 K, we obtained data at 283, 290, 295,
and 305 K since the temperature dependenc&sfcan
sometimes be used to determine the time scale of chemical
exchange 9, 40). Thus, ifkex > 3.2 x 10° s7* for a r¢p Of
1 ms, then increasing decrease®ey; conversely, ifkex <
3.2 x 10° s, then increasind@ increasedRey (41). In the
case presented herBg values were approximated on the
basis of the equatiorRex = Rx(N) — Ry(mean). This
approximation will severely underestimaiy for those
residues whose intrinsi®, values are below the mean as a
result of fast internal motions contributing to the relaxation.
This is likely to be the case for residues 38;4®, and 46
that lie in the linker region where such fast motions are
known to occur. Thus, values dR. obtained by this
approximation can be considered only as lower limits. The
values ofRe estimated from the 300 K data are given in
Table 2 In this case, the data show that the exchange
contribution toR; for residues Gly18, Asp19, Ser38, Gly42,
Met43, Serd4, and Leud6 decreases between 305 and 283
K. Thus, kex must be<3.2 x 10° s™%. Plots of InRex versus
1/T were linear and followed the Arrhenius equation (Figure

) ; 3), allowing calculation of the apparent activation energies
FiIGURE 2: Bar graphs of°N amide relaxation rates of the P43M

CaCaCb derivative, collected at 400 MHz and 300R€.(A), R from the slope of such plots. The activation energies for the
(B), and theR,/R; ratio (C) are shown. T kinetic processes occurring at residues in the flexible linker

region and those in the first €abinding loop are essentially
over the experimentally accessible range for either the the same (3@t 10 kcal/mol), lending support to the notion
CaCaCb or CalaCb proteins. The lack of observable of a simple two-site exchange process accounting for the
dispersion suggests thiat, must be>1000 s (27). kinetic effects observed at all seven residues.

Ry, Experimentsin an attempt to quantify the exchange  yUnfortunately, temperature changes also perturb the site

allowed us to access somewhat faster rate constants than thg,rough the Boltzmann equation and can aft&et through

CPMG approach 28, 38). We performed both “on-
resonance” and “off-resonanceR,, experiments.Ry, is
related toR, by eq 1 @8):

Residue Number

temperature-dependent conformational changes, potentially
complicating any interpretation of the temperature depend-
ence ofRex Therefore, Palmer et al27) have suggested

] the use of the static field dependenceRpf for determining
Rlp(ela)) = cog 6 x R, + Sir? 6 x R, + R(6.0) (1) the NMR chemical shift time scale for an exchange process
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. For SI(.)W exchangekb/Aw < 1), 0 < o < 1; for FiIGURE 4: Bar graphs ofH—15N to 5N CSA cross correlation
intermediate exchangée{(/Aw = 1), o = 1, and for fast  rate ) observed for CaCaCb (A) and CalLaCb (B) at 700 MHz
exchangeKe/Aw > 1), 1 < a < 2. Using data at both 400  and 300 K. The results are very similar to previously repofid
and 700 MHz R, values for all seven residues appear to be values; see ref2 (C).

essentially independent of the static magnetic field, oe.,

~ 0, demonstrating that the system is in slow exchange on
the NMR chemical shift time scale. I, 1

Fast Protein Dynamicsia Cross Correlation Experiments E = Tkex-rl 3)
Since the slow protein dynamics of P43M were significantly
different from those of P43G, we attempted to determine if  Thus, a comparison of the intensities of the peaks in the
these differences extended to the fast protein dynamic regime15N HSQC correlation spectrum acquired with no presatu-

These dynamics are usually evaluated in a quantitative wayration and that with 3.0 s of presaturation allows estimates

via the so-called model free approa@lﬂ(—44). HOWeVer, it of c:emto be made. A p|ot 0 cr;em versus residue number

has been pointed out by Bax et @19 that simpler relaxation s shown graphically in Figure 5. It is evident that as expected
interference experiments betwedd—*N dipole—dipole the fastest amide proton exchange in general takes place in
coupling and™N chemical shift anisotropy can give equiva- the three loop regions. Peak valuek@f™are observed for
lent information concerning the order parameté&f ithin residues 18, 19, 38, and 424, i.e., those residues that show

a precision of 510%. We have performed such cross gyigence of conformational mobility on the microsecond to
correlation experiments on both CaCaCb and CaLaCb. Thejlisecond time scale. However, interpretation of high

results (Figure 4) show that while both PA3M mutant proteins 4,harent exchange rates via saturation transfer experiments
behave in general, similar to the well-studied CaCaCb P43G ¢4y pe complicated by the need to account for exchange-
mutant on the picosecond to nanosecond time scale, SOMgg|ayed NOEs, i.e., intramolecular effects due to fast

differences can be found. In particular, residues-19, exchanging protein protons. The use of tié-(CLEANEX-
53, and 61 appear to be more flexible in the PA3M mutant p\j).FHSQC approach (Figure 6) eliminates this ambiguity
than in the P43G mutant, while residue 43 seems to be moreang confirms that the aforementioned residues do indeed
rigid. experience high amide proton exchange rates. It therefore
Amide Proton Exchange RatégSonformational exchange appears that the conformational exchange evident on the
phenomena that open parts of the protein backbone andmicrosecond to millisecond time scale is also reflected in
expose it to bulk solvent are expected to give rise to relatively the longer time scale of the amide hydrogen exchange
fast amide proton exchange kinetics. The rates of such amideexperiments. No significant differences between P43M
proton exchange with solvent in the range of-09D st CaCaCb and CalLaCb were evident (data not shown), in
are easily measured via NMR saturation transfer experimentskeeping with the similarities in the microsecond to milli-
(31, 32). The process is described by eq 3, when the second dynamics of the two proteins.

irradiation timet is long compared with amide protoh:
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FiGURE 6: Data from al>N-(CLEANEX-PM)-FHSQC experiment collected on CaCaCb at 400 MHz and 300 K. Backbone peaks are
labeled according to amino acid number. The peak labeled with an asterisk is unassigned.

DISCUSSION in CaCaCb P43G no residues showed evidence of an
. . , ) exchange contribution tB;, seven residues (Gly18, Asp19,

Both the structure and dynamics on a wide variety of time gq3g Gly42, Met43, Ser44, and Leu46) show such ex-

scales of the wild type and the P43G mutant of calbindin chang,e in PA3M. In this régard CaCaCb P43M more

Do have been extensively studietil)( 12, 22, 32). These oo pias the apo and CdCb P43G variants than that of the

studies have included the apo, CaCaCh, and various mono- . ; . N
substituted metal derivatives such agCd/ery little work corresponding dicalcium derivativad). CdCb PA3G shows

has been performed on the dynamics of the P43M mutant, 2 number of residues in loop | (which is unoccupied),

despite its widespread use. The previously available evidencdcluding Gly18 and Aspl9, with significant exchange
and “chemical intuition” both suggested that differences Proadening, as does CaCaCb P43M. The kinetic process

between the two proteins were minor. However, the results 0bserved in CdCb P43G, which has a rate constant estimated

presented here show that, contrary to expectations, there aré0 be >2000 s*, has been attributed to exchange between
significant differences in dynamics on the microsecond to two distinct conformers rather than chemical exchange
millisecond time scale between the dicalcium state of P43G between CdCb and some small population of CdCdCb.
and P43M and that these differences are not confined to theSimilar conclusions were reached for the apo form where
flexible linker region containing the point mutation. While exchange with a small amount of CaCaCb was also consid-
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ered an unlikely explanation for the observed kinetic process. ConclusionsWith this work, we have demonstrated that
The same conclusion, namely, that the kinetic process major changes in protein dynamics on the millisecond time
represents an exchange between two conformers rather thascale accompany the P43G to P43M point mutation in
exchange between CaCaCb and some small population ofcalbindin Dy. The linker region in the P43M mutant of the
either CaCb, apo-Cb, or both, can be reached for the CaCaClprotein is affected by a conformational exchange phenom-
P43M mutant since adding €ain 5—-500% molar equiv enon that is believed to be due to an interaction of the Met43
excess has no effect on the microsecond to millisecondside chain methyl with the protein hydrophobic core.
dynamics. Although rate constants for the kinetic processesMoreover, these changes in the protein dynamics are not
observed in CaCaCh P43M cannot be determined directly, limited to the region near the mutation site but extend to the
the fact that there is no dependenceRafas a function of  first Ca* binding loop, leaving unaffected the secondCa
lhgp, indicates thatkex must be >1000 s?, while the binding loop. These results demonstrate that point mutations
temperature dependence R, suggests a rate constant of even far from the active site may have unexpected conse-
<3200 s guences that should be taken into account while designing a
What then is the nature of the observed kinetic process(es)nutant and preparing to study its structural and dynamics
Wild-type CaCaCb is known to be in very slow exchange properties.
between two distinct conformers due to-etsans isomer- On the other hand, this work confirms that lanthanides
ization about the Gly42Pro43 bond 13), but such an are good structural and dynamic probes forChinding
isomerization is unlikely for amino acid residues other than since both fast and slow mobility of Cb are unaffected by
proline. However, hydrophobic side chain interactions are the selective replacement of calcium with a lanthanum ion
crucial in the stabilization of the calbindingglobal fold; in site II.
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packing into the hydrophobic core. In this way, two at 300 K. This material is available free of charge via the
hydrophobic residues completely exposed in the monomer!Nteérnet at http://pubs.acs.org.

are protected from the solvent in the dimer. While actual
dimer formation is found in the solid state only when
crystallized at low pH £5.0) and very high protein
concentrations, and NMR studies of P43M at pH 6.0 in
solution do not reveal dimers/,(18), a weak interaction
between the methionine side chain methyl and the hydro-
phobic core is quite possible. In this work, fast protein
dynamics indicate that Met43 has a more restricted motion
than its neighbors (Figure 4), suggesting that its side chain
may be directed toward the protein core. This “redirection”
of the Met43 side chain can (i) be responsible for the
conformational exchange highlighted by the millisecond
dynamics and (ii) affect the mobility of other residues
belonging to the hydrophobic core of the protein. In
particular, as shown in the fast dynamics results summarized
in Figure 4, residues 1719, 53, and 61 appear to be more
flexible in the P43M mutant than in the P43G mutant. All
these residues are involved in the hydrophobic core of the
protein. In this regard, the P4A3M mutant is a better dynamic
model for the WT protein. Thus, while the overall Ta
binding constants for WT, P43M, and P43G are essentially
identical (~10' M2 s7?), the dissociation off rates among
the three vary. The Cadissociation off rate for the WT is
5.3 s%, similar to that of the P43M mutant (7.3%, while

that of the P43G mutant is significantly higher at 60 .3,

45). This trend mirrors the apparent conformer exchange rates
(very slow for the WT, intermediate for P43M, and very
fast for P43G). It therefore appears that the changes in the
rate of exchange between conformers induced by point
mutations could have significant biochemical consequences
in this and other systems.
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