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ABSTRACT. The effects of C& binding on the dynamic properties of €abinding proteins are important

in Ca2" signaling. To understand the role of Cainding, we have successfully designed &Chinding

site in the domain 1 of rat CD2 (denoted as Ca.CD2) with the desired structure and retained function. In
this study, the backbone dynamic properties of Ca.CD2 have been investigated@Nsapin relaxation

NMR spectroscopy to reveal the effect ofZhinding on the global and local dynamic properties without
the complications of multiple interactive €abinding and global conformational change. Like rat CD2
(rCD2) and human CD2 (hCD2), residues involved in the recognition of the target molecule CD48 exhibit
high flexibility. Mutations N15D and N17D that introduce the®Cdigands increase the flexibility of the
neighboring residues. €ainduced local dynamic changes occur mainly at the residues proximate to the
Ca&*-binding pocket or the residues in loop regions. Brgtrand B of Ca.CD2 that provides two Asp for

the C&* undergoes a®’ decrease upon the &abinding, while the DE-loop that provides one Asn and
one Asp undergoes & increase. Our study suggests thatChinding has a differential effect on the
rigidity of the residues depending on their flexibility and location within the secondary structure.

As a second messenger,Caegulates many biological
processes through interactions with?Gainding proteins
located in various cellular environmentk @). The effects
of C&" binding on the dynamic properties of proteins have
been shown to be important in €asignaling and protein
functions. The dynamic effects of €abinding have been
investigated using EF-hand proteins, in which multiple EF-
hand motifs are often paired within one domain. The binding
of C&* to calbindin Oy, troponin C, and calmodulirB(-8)
results in a more rigid local conformation and an overall
entropy loss in the EF-loops. The €abinding sites in EF-
pairs are structurally and energetically coupléd§, 8, 9),
and C&" binding induces changes in the conformational
flexibility and dynamic properties at the remote structure
regions 6, 8, 10). Extracellular proteins such as cadherins,
Ca"-dependent EGF-likemodules, and low-density lipo-
protein receptors have multiple clustered®Ghinding sites
with affinities corresponding to the extracellular a
concentration. Ca binding results in changes of local

To understand the role of €abinding in the dynamic
and functional properties of the protein and the key factors
contributing to C&" binding, our lab has established a design
approach to introduce a single €ainding site into a
functional host protein. This design approach is particularly
advantageous since the effect oChinding can be clearly
revealed without the complications of multiple interactive
C&" binding and global conformational change. We have
chosen the domain 1 of rat CD2 as the host protein in order
to elucidate the effect of €aupon dynamic properties and
molecular recognition. CD2 was the first protein revealed
to be important in promoting intercellular adhesion and signal
transduction 16) by interacting with the partner molecules
CD48 (in rat) or CD58 (in human)Ly—20). It is one of the
best-characterized cell adhesion molecules in the immuno-
globulin superfamily with a topology similar to the €a
dependent cell adhesion molecules cadherds 21, 22).
Nine g-strands are sandwiched in two layers of GFCC
and BED strands23—25). It has served as a model system

conformation and dynamic properties that are essential forto understand the mechanism of molecular recognition and

the function and stability of these proteink1(-15). The
study of their C&" binding effect is more challenging due

to establish a correlation among the structure, dynamics, and
function of macromolecule®6, 27). The backbone dynamic

to their tendency to oligomerize and the exchange betweenproperties of both rat and human CD2 have been investigated

Cat-free and C&'-bound populations. Clearly, €abinding

previously. It has been found that the surface related to the

has different consequences on the flexibility and thermody- target molecule binding possesses high flexibilg,(27).

namics of proteins with different affinities.

T This work is supported in part by the NSF MCB-0092486 and NIH
GM 62999-1 grants to J.J.Y.

*The NMR assignment of Ca.CD2 has been deposited in the

BioMagResBank under accession number 6201.

We have successfully designed a?Gainding site into
the domain 1 of rat CD2 (denoted Ca.CD2B) by taking
into account the key geometric and chemical properties of
the C&" sites without splicing in an entire, known metal-
binding domain 80—32). It is the first stable, rationally

* To whom correspondence should be addressed. Fax, 404-651-2751designed C#-binding protein 83, 34). The C&" site is

phone, 404-651-4620; e-mail, chejjy@panther.gsu.edu.
1 Abbreviations: CD2, cluster of differentiation 2; hCD2, human

formed by two discontinuous sections of the polypeptide

CD2; rCD2, rat CD2; EGF, epidermal growth factor; NOE, nuclear (Figure 1). It requires two mutations (N15D and N17D) at

Overhauser effect; NMR, nuclear magnetic resonance.

pB-strand B and utilizes existing side-chain oxygen atoms
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Ficure 1. (A) The structure of Ca.CD2 (1T6W) with the bound?Cégreen ball) is shown2g). The side chains of the €aligands are

shown in red. The Cd-binding residues and the adjacent residues are shown in violet. The residues close to strand B are represented in

cyan. The loops that undergo relatively large dynamic property changes are shown in orange. Only one residue is labeled when continuous
residues are colored. The figure is prepared using Molsc2i@t (B) The entropy changes of Ca.CD2 induced by'Care represented.

The residues with entropy gains of more than 1 kJ/mol are labeled pink, and those with more than 2 kJ/mol are labeled red. The residues
with entropy losses of more than 1 kJ/mol are labeled light blue, and those with more than 2 kJ/mol are labeled blue.

(N60 and D62) at the DE-loop as €aligands. Direct conventional pulse sequenced5) except that a sinc one-
interference with the molecular recognition of CD2 is lobe selective pulse is used to put water back along-tivds
avoided since the designed site is located on the opposite(36). The center frequency 8H is put on water (4.76 ppm)
surface of the protein. As a result, Ca.CD2 retains the binding and that of'>N is put on the amide region (119.5 ppm). The
ability to CD48. The C& binding results in a small but  spectral widths were 6600 Hz with 2048 complex data points
significant decrease in the CD48-binding affinity compared in the 'H dimension and 1800 Hz with 128 increments in
to the C&"-free form. Ca.CD2 has a €aaffinity of 1.4 the 1N dimension. The arrayed relaxation times for the
mM (Kg), which is similar to that of extracellular €a measurements are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2,
binding proteins. The binding of €aonly induced local 1.5, and 3.0 s. A 180'H pulse is used every 5 ms during
conformational changes in Ca.CD28j. the relaxation time to eliminate the effects of cross-correlation
In this study, we report our investigation of the’Caffect betweentH-5N dipolar coupling and chemical shift anisot-
on the backbone dynamic properties of Ca.CD2 ushhy ropy relaxation 87, 38). The arrayed relaxation times for
spin relaxation NMR spectroscopy. It provides insight into the T, measurements are from 10 to 210 ms with a step of
the effect of C&" binding on the global and local dynamic 20 ms. A 180 5N pulse is used every 62, and a 18D
properties of a weak Cé-binding protein withKq at mM H pulse is used every 10 ms during the relaxation tiB#& (
range without the complications of multiple interactiveCa  38). The 15N-enriched proteins (0.3 mM) are in 20 mM
binding and global conformational change. The dynamic PIPES at pH 6.8 with 10 mM Cagbr 1 mM EGTA. The
parameters have been measured and derived in the absencgyparent relaxation times were obtained by fitting the
and presence of Ca The results show that, like rCD2 and intensity decays with a single-exponential function. The
hCD2, residues of Ca.CD2 involved in the recognition of measurement of NOE effects was performed using the gNnoe
CD48 exhibit high flexibility. Residues in the €abinding pulse sequence in the VARIAN Protein-Pack8), The
pocket, the neighboring residues, and the loop residuessamples and the other experimental conditions were the same
exhibit relatively large C#-induced dynamic changes. Our  as for theT; and T, measurements. The saturation time for
StUdy shows that Ga blndlng has differential effects on the the NOE spectra was 4 s, and the relaxation de|ay was set
rigidity of the residues in Ca.CD2 depending on their location to 4 s for the control spectra (NONOE spectté) saturation
within the secondary structure. The change of conformationaljs achieved by the application of 12@ulses every 5 ms
entropy upon C# binding has also been discussed. before the first!N pulse @8). Each 1D increment is an
average of 128 scans to enhance the signal/noise ratio. The
MATERIALS AND METHODS height and volume of each peak were obtained by performing
Protein Expression and PurificatioThe Ca.CD2 protein ~ the INTEGRATE function in the SPARKY program (God-
was engineered, expressed, and purified as previouslydard & Kneller at University of California). The NOE factors
described 28). for each resonance were the ratio of peak volume of the NOE
Relaxation Time and NOE Measuremeltie assignment  and NONOE spectra. The uncertainties of the NOE factors
of NMR spectra of Ca.CD2 at 2%C is achieved through  were estimated to be less than 10% based on the analysis of
standard methods and procedures as previously describedgignal/noise ratios and the comparison between thé-Ca
(28). Because several additional peaks can be observed atoaded and CH-free forms, which are adequate for the
low temperatures without large spectral differences, the following dynamic analysis. First, the signal/noise ratios
dynamic studies were performed at°@ on a 500 MHz given by the SPARKY program are above 30 for most of
magnet. The new assignments af@ were achieved by the resonances. For example, only eight residues in the NOE
taking advantage of several spectra collected between 4 andgpectrum of the EGTA form possess signal/noise ratios less
25°C. TheT; andT, relaxation times were measured using than 30. Three of them (S3, T89, and N90) have signal/noise
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FiGure 2: From top to bottom, the secondary structurg,T,, T./T, ratio, and NOE of Ca.CD2 in the absence (red) and presence (blue)
of C&*" at 4 °C are shown with error bars df; and T,. The lines in the diagrams represent the value of 600 ms, 90 ms and 6.667,
respectively. The positions of the €digands are marked using perpendicular lines.

ratios less than 20. Second, the similarity of NOE patterns E99 based on the criteria suggested by Mandel et al. Model

between C#-free and C#&'-loaded forms indicates the

4 was used in the final calculation, since it gives smaller

accuracy of the measurement. More than 60% (59 in 94) of fitting errors than model 5 doed(, 42). TheD,/Dy andzn,
the residues have net differences less than 0.1 between thevere also obtained from the calculation, and the axes of

two forms.

Model-Free Calculation.The & order parameters of
Ca.CD2 were calculated using Modelfree version 4.15
provided by Dr. Palmer at Columbia Universit3 40).
ApparentR;, R;, and NOE together with the NMR structure
of Ca.CD2 (1T6W) were input to simulate th& by
optimizing the axially symmetric diffusion model using
Brent's implementation of Powell's method for multidimen-
sional minimization. The internucledH->N distanceryu
is assumed to be 1.02 A, and tH&N chemical shift
anisotropy (CSA) tensor is assumed to-b&72 ppm 41).
The model selection for each spin followed the flowchart
that was suggested by Mandel et &9,(40). The majority
of the spins were simulated I8} only (model 1), except for
the following: residues N20, F21, Q22, M46, K47, T83,
N84, and N90 in both forms; A9, 118, F42, K43, T79, V80,
and L98 in Ca'-free form; and L10, M23, A59, G74, and
Y76 in C&*-loaded form were simulated b® and 7.
together (model 2). T37, S52, G53, T69, and L95 in both
forms, D17 in C&™-free form, and 114, S36, and L58 in €a
loaded form were simulated ¢ and Rex together (model
3). S3, G4, T5, T86, and 188 in both forms, and G35 and
S36 in C&'-free form were simulated b$, 7., and R
together (model 4). No model fit well for residues L89 and

inertia were automatically assigned by the Modelfree pro-
gram.

The entropy differences between the?Géree and C# -
loaded forms are derived from th& values from the
equation given by Yang and Kayg). Since the classical
description of conformational entropy breaks down wién
is over 0.95, the entropy changes of the residues (114, S52,
and G53) withS greater than 0.95 are calculated assuming
their & values are 0.956( 43).

RESULTS AND DISCUSSIONS

Dynamic Parameters of Ca.CDZhe longitudinal relax-
ation time {T,), transverse relaxation timé4), T./T> ratios,
and NOE of Ca'-free (solid line) and Ca-bound (dashed
line) forms of Ca.CD2 are shown in Figure 2. All dynamic
investigations were carried out af@ to observe additional
signals, including G53 and S36 at the loop regions. These
residues cannot be observed at Z5 possibly due to the
existence of intermediate exchange processes. The backbone
dynamic parameters were measured for all residues except
R1, D2, P19, P48, and R87. The averade#alues are 596
and 604 ms and the averagégvalues are 89.2 and 89.0
ms for C&"-free and C&-loaded Ca.CD2, respectively.
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Table 1: Summary of the Dynamic Properties of CR2 200 (ps)
parameter 1 mM EGTA 10 mM Ca
Ta 596 ms 604 ms
T, 89.2 ms 89.0 ms o ]' -1 <1 i
NOE 0.736 0.726 i | |I 1 1
TJT, 6.82 6.92
< 0.846 0.846 3
Tm 9.05 ns 9.20 ns 1200
Dy/Dg 0.873 0.869
Rex (Hz)

Most T; values have less than 100 ms deviations from the
average except for some residues at the N-terminal, BC-loop,

and C'D-loop. Only a few residues in the loop regions have Fﬂ 1
obviously shorfl; values. Correspondingly, the averafyé 0o I ! ¥ ' Il E_LE
T, ratios are 6.82 and 6.92 for the EGTA and’Céorms, H H l

respectively (Table 1). Residues with obviously lafgé,
ratios (at CG and FG-loop) are those with shdirelaxation
times. The average NOE values of Ca.CD2 are 0.736 and
0.726 for the EGTA and Ca forms, respectively. The small
NOE factors, which are frequently associated with slow
internal motions 9), are mainly observed at the FG-loop.
The general order parametst, chemical exchange rate L i
(Rex), and effective correlation timerd) of Ca.CD2 were Lyl
derived from the apparei®;, R, and NOE of each residue il
together with the NMR structure (1T6WPR®) using the [ 11!.-‘ | .
Modelfree 4.15 program3@, 40). The simulated isotropic il it l’i ‘
rotational correlation timerf(,) for the global diffusion tensor ¥ .
is 9.05 and 9.20 ns, and tt®/Dy, ratio is 0.873 and 0.869 '
in the C&"-free and the Cd-bound forms, respectively l
(Table 1). 06
The averag& values of Ca.CD2 are approximately 0.846
in both forms (Table 1), which are in accordance with values
reported for rCD2 2Z7) and other highly ordered proteins
(44). Most of the residues with highe® values are at
structured regions (Figure 3). However, it is noteworthy that
several loop residues that connect two layers of Ca.CD2 but ~ © 20 40 60 8o 100
are located close to the GFQI” layer, including S52 and  Figure 3: Secondary structure?, Re,, and 7. (from bottom to
G53 at the CD-loop, residues 2528 at the BC-loop, and  top) of Ca.CD2 in the absence (red) and presence (blue) ¥f. Ca
S73 and G74 at the EF-loop, possess above av&fagdues.
S52 and G53 retain the higheStvalues in the absence of with other proteins of similar size4b). In addition, as in
C&". The rigidity at this position is also observed in hCD2 hCD2 and rCD2 17, 27, 45, 47, 48), most of the residues
(45). The high rigidity of these residues is likely to play an with low £, high Re,, and/or slowr, in Ca.CD2 are located
important role in maintaining the tertiary structure of CD2 at the CD48-binding surface (Figures 1 and 3), such as T37,
and its variantsZ4, 46). 38, and T86. The flexibility of this surface may facilitate
Most of the flexible residues < 0.8) are located at the  the binding by improving the interactions of residues to their
loop regions, of which the FG-loop not only retains the partner residues on the target molecule and by allowing the
lowest & values but also possesses high and slowre. protein to adjust its local conformation for the complex
For example, L89 has & slower than 600 ps and &« repacking, because (at least) a local conformation change is

higher than 15 Hz. This suggests that the FG-loop undergoesyays expected for optimal molecular recognition.
active dynamic processes, such as local conformational
change. The results agree well with the relatively low- . T ;
resonance intensity of residues-&99 in the { 5N, H}- and rCD2 despite the overall similarity. First, strand B (D15
HSQC spectra, specifically L89, which possesses the lowest!® 118) that holds the two mutations has a decrezZeth
intensity of all the assigned residues. addition, the proximately located FG-loop, in which V80 and
Comparison of Ca.CD2 and CDZhe overall dynamic -89 are less tha4 A from 118, has the most dramati

properties of Ca.CD2 are similar to hCD2 and rCD2. The decrease accompanied by higg and slowze. In rCD2,
average of Ca.CD2 (0.846) is slightly higher than the T79 possesses higR at high-protein concentrations, while
reported value (0.81) for rCD2. The trend of tH# the residues at the N-terminal of the FG-loop posdgss
distribution along the peptide sequence in CRZ, Q7, 45, values between 1 and 4 H479). In Ca.CD2, theRex of L89

47, 48) is maintained in Ca.CD2. The isotropic rotational is greater than 15 Hz and that of T86 also exceeds 5 Hz,
correlation times of 9.05 and 9.20 ns for Ca.CD2 are close while T79 has no detectable chemical exchange. This
to that of 9.5 ns for glycosylated hCD2, which agree well difference is likely induced by the mutations instead of'Ca

o 82

-

A B C C' C"D E F

There are several dynamic differences between Ca.CD2
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binding because it has been observed in both forms of 0.2 u r u [ [ T T ] 1
Ca.CD2.

Classification of the Residues Affected by’ CRinding.
Ca.CD2 provides a model to reveal the dynamic effect of
C&" binding on the global and local environment of weak
Ca&"-binding, extracellular proteins. Given the weak binding
(Kd ~ 0.1-3 mM) and the environmental €aconcentra-
tion (1—10 mM), the extracellular G4 proteins are usually 0
partially bounded. For example, thes—ms time scale N
motions have been observed in loaded fibrilin-1 cbEGF12- 94
13 and cbhEGF32-3316). At the experimental conditions,
Ca.CD2 is also not fully saturated-87% of protein are
Cé&'-loaded given theKy of 1.4 mM and total 10 mM
C&" in solution). The attempt to saturate the protein with
high-salt concentration may introduce nonspecific binding 0.2 |- .
and is impractical. The existence of a?Cdree population
in the presence of Careduces the observest difference
between the two forms. Therefore, the?Ginduced change
discussed here is semiquantitative. Nevertheless, neither the
trends nor the relative values of different residues is likely
to be altered. In Ca.CD2, it is unlikely that the existence of 4
different populations significantly alters ti measurement
since the observeR. and T, at the Ca"-binding pocket
undergo only minor changes with the addition of?Ca
(Figures 2 and 3).

C&" binding does not change the overall dynamic proper-
ties of Ca.CD2. The averadg, T,, NOE, S order parameter,
D,\/Dg ratio, and overall diffusion correlation time are similar
in the presence of EGTA or €a(Table 1). Only several
residues exhibit larger dynamic property changes over the
experimental uncertainty (Figures-2). Because of the large
uncertainty of simulation and the existence of exchange
between the two forms at the experimental conditions, the
7e andRe, changes are not conclusive and will not be further
analyzed here. Eight residues haveSnlifference greater -4 ' ‘ ' ‘ ‘ : : : :
than 0.1 upon C4 binding. They are 114, S36, G53, and 5 15 25 35 45 55 65 75 85 95
N90 with lowered rigidity and G35, T79, L93, and L95 with Residues
enhanced rigidity. 114 undergoes the larg@adecrease from  Ficure 4: S order parameters and entropy change of Ca.CD2.
0.96 to 0.73. Positive values represent ti# increase and entropy decrease in

The residues with large dynamic changes upo# ®and- the presence of Ca The bars at the top represent fhatrand of
. e - - - the protein.
ing can be classified into three groups according to their loca-
tions. The first group contains the €digands and the adja-
cent residues, which are sequences of 114 to 118 and A59 to
L63. It is noteworthy that the adjacent residues have greater
dynamic changes than the ligand residues themselves. Fo
example, upon G4 binding, at strand B, 114 becomes sig-
nificantly dynamic with the greate3t elongation,T./T, ratio
increase, and& decrease. On the other hand, A59 at the
DE-loop becomes more rigid with the largest decrease
and & increase (Figures-24). In addition, C&" binding

Entropy change (kJ/mol)

The second group contains the residues proximate to the
&*-binding pocket, specifically strand B, including N20
at the BC-loop, V80 and L89 at the FG-loop, and L93 and
L95 at strand G (Figure 1). These residues are less than 5 A
from one of the residues 368 at strand B. The adjacent
residues T79, N90, and D94 can be classified into this group.
The C&"-induced changes in this group are likely due to
their direct interaction with strand B. Since strands F and G
: : : ) and the FG-loop are involved in target-molecule recognition,
provides differential effects on strand B and the DE-loop, the decrease in CD48-binding affinity for the Tdoaded

each of which provides two residues for®Cainding. Strand - .
B becomes more flexible while the DE-loop becomes more form of Ca.CD2 g8) is likely a result of the dynamic changes

rigid upon C&" binding. Furthermore, the residues at strand 1 thiS group.

B undergo greater changes than those at the DE-loop (Figures The third group contains the residues at the flexible regions
2—4). These different effects are likely due to the B-strand of Ca.CD2 far from the Ca-binding pocket, such as S36,
providing two negatively charged residues to the positively T37, S52, and G53 (Figure 1). With either increased or
charged C# instead of one from the DE-loop. Therefore, decreased flexibility, these loop regions buffered the indirect
the electrostatic forces introduced by?Cainding are more  effects on the protein caused by2C#&inding. Correspond-
significant on strand B. The difference between the loop and ingly, no otherg-strand residues except thosefastrands

the 5-strand structures may also contribute to the different B, F, and G undergo backbone dynamic changes greater than
effects. the average values for any dynamic parameters measured.
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Comparison of Ca.CD2 to Other €aBinding Proteins. The authors also wish to thank T. D. Goddard and D. G.
The effects of the Ca binding on dynamic properties have Kneller at the University of California for providing the
been investigated using the EF-hand proteins. By assumingSPARKY program.
that bond amidé®N-'H vector motions are approximated
by the diffusion-in-a-cone model, the conformational entropy SUPPORTING INFORMATION AVAILABLE

can be semiquantitatively calculated fr&values of ligand- HSQC spectra of Ca.CD2 at 25 and@, the tables of

free and -loaded formsA@, 50). The binding of C&' to dynamic properties in the absence and presence?t This

calbindin Dy troponin C, and calmodulin often leads t0 & material is available free of charge via the Internet at http://
more rigid local conformation and a loss of entropy in the pubs.acs.org.

EF-loops 8—8). Such locals increase and entropy loss is
not observed in Ca.CD2. In contrast, the tdlvalue of REFERENCES
residues at the Cé&-binding pocket (114 to 118 and A59 to 1 Berridae. M. J.. Boot M. D.. and Lion. P. (1998) Calci
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indi ; 3. Kordel, J., Skelton, N. J., Akke, M., Palmer, A. G., I, and Chazin,

unIavorabIe_, fo';l%é(; ?(Igl/dlngl] |14h90hnt.”bUte§ gilre&;clﬂy tOtLhe W. J. (1992) Backbone dynamics of calcium-loaded calbindin D
entropy gain ¢4. mol), which is partially from the studied by two-dimensional proton-detecté NMR spectros-
conformation exchange between two forms. When model 1 copy, Biochemistry 314856-4866.
was used for all residues (which means the contributions of 4. C\Ifk?, (I\fégsesellztgn’ :\l Jf-,_ KOLdeg_J., PalmerbA. Eti’ i, 3nd Ch;stzin,f

H H H H . J. €Cts Of Ion binding on the backbone aynamics O
slow mo.tlon and Chemlcal.eXCha+nge are not included in the calbindin Dy determined by"*>N NMR relaxation,Biochemistry
calculation), thes of 114 with C&" increases from 0.73 to 32 9832-9844.
0.81 while the overal® decrease of the &binding pocket 5.Lee, A. L., Kinnear, S. A, and Wand, A. J. (2000) Redistribution
is 0.199. Correspondingly, the entropy gain of the pocket is a”dt!gss of S'fle ﬁh?"étemrtolg{ lfl;oggogn;at'on of a calmodulin-
: P peptide complexNat. Struct. Biol 7, 72—77.
increased to 4.23 kJ/mol although the contribution from 114 6. Spyracopoulos, L., Gagne, S. M., Li, M. X., and Sykes, B. D.
decreased to 3.15 kJ/mol. The results suggest that the trend  (1998) Dynamics and thermodynamics of the regulatory domain
of Ca&" effect observed in Ca.CD2 is not altered by the of human cardiac troponin C in the apo- and calcium-saturated

i statesBiochemistry 3718032-18044.

C.O”.flormat'tonal change betweel.” apé’ f;‘)’?d d'.oade?] formf)‘ The . andra, N, Kubonwa, H., Ren, H.. and Bax, A. (1995) Rotational
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protein MUP-I or Rl (10, 51-55). In addition, the small 8. I\S/I_?Ier,_tL., Blanken§hi?, J., R?r?ceéll\ﬂﬁ’ arédﬁcdr;azcin, W. J-t (2000)
H H H imi Ite—site communication In e -nan Inaing protein

cha! entropy gain observed in C_a.CD2 is similar to the calbindin Dy, Nat. Struct. Biol. 7 245-250.

blndln_g of the second Gato ca!bmdm_QfK_ (8, 10)_. Al_though 9. Gagne, S. M., Tsuda, S., Spyracopoulos, L., Kay, L. E., and Sykes,

there is a large entropy loss in the initial Tainding, the B. D. (1998) Backbone and methyl dynamics of the regulatory

paired EF-loops in calbindin §exhibit a small net entropy domain of troponin C: anisotropic rotational diffusion and

; Par contribution of conformational entropy to calcium affinity, Mol.
gain upon binding the second €aA large entropy decrease Biol. 278 667—686.

in the initial blnd|ng StepS was needed to destabilize the 10. Stone, M. J. (2001) NMR relaxation studies of the role of

intermediate states and to favor the second"Ganding conformational entropy in protein stability and ligand binding,
process. Acc. Chem. Res. 3879-388.

. . . - 11. Muranyi, A., Evenas, J., Stenberg, Y., Stenflo, J., and Drakenberg,
In summary, in Ca.CD2, residues that are involved in the T. (2000) Characterization of the EGF-like module paid3rom

recognition of the target molecule CD48 exhibit high vitamin K-dependent protein S using NMR spectroscopy reveals
flexibility similar to that of rCD2 and hCD2. The binding dynamics on three separate time scales and extensive effects from
of Ca* does not change the overall structure and dynamic , Calcium binding Biochemistry 3915742-15756.

12. Kurniawan, N. D., O’Leary, J. M., Thamlitz, A. M., Sofair, R.,

properties of Ca.CD2. It mainly affects the local dynamic Werner, J. M., Stenflo, J., and Downing, A. K. (2004) N-Terminal
properties of three groups: the €ebinding ligands, the domain linkage modulates the folding properties of protein S
nearby residues, and the loop residues with different mag- ggggrma' growth factor-like moduleBjochemistry 439352~
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