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ABSTRACT. We present here the first evidence, obtained by the use of small-angle X-ray scattering, of the
solution structures of chimeras constructed from yegat¢haromyces carsiae, Sc) and chickenGallus

gallus Gg) calmodulin (CaM). The chimeric proteins used in this study afe'BGgl30-148 Scl-12§
Ggl29-148 SA-87/GpPe-148 and Sé74Gg’3-148 CaMs, in which SE and GdP-148descend from yeast

and chicken CaM in the chimeric proteins, respectively. Under tif&-€aturated condition, the solution
structure of SE128Ggl2%-148 CaM has a dumbbell-like shape which is characteristic of vertebrate-type
CaM, while that of SE1?YGg!30-148 CaM takes an intermediate structure between the dumbbell-like
shape and a compact globular shape. The results provide the direct evidence that the replacement of
Aspt?® with Sef?? induces an interaction between two lobes of $/Gg!3%-148 CaM and brings them

close together. It implies that a site interacting with the N-lobe is induced in the C-lobe, although site IV
that is unable to bind Ca hinders the ability of the C-lobe to undergo the conformational change to the
full open state. In the presence of both?Cand a peptide synthesized to mimic the CaM binding domain

on myosin light chain kinase, MLCK-22p, the solution structures of these chimeric CaMs take a similar
compact globular shape but their interactions are quite different. The solution structure and interactions
of S&74Gg’3-148 CaM are similar to those of $7/GgPé-14¢ CaM. The structure of Scé’/Ggpe-148

CaM is similar to that of Sc128/Ggl29-148 CaM, but their interactions are different. The result indicates
that the replacement of GItf with Alall® has a critical effect on their interactions. Thus, the functional
differences among these chimeric CaMs, which have been reported previously [Nakashima, K., et al.
(1996)Biochemistry 355602-5610], have been interpreted on the basis of the structures and interactions.

Calmodulin (CaM) is small protein which appears in all pair of C&"-binding sites is located in each of the lobes
eukaryotic cells and regulates many significant cellular (C&*-binding sites | and Il in the N-lobe and sites IIl and
functions as a versatile decoder of’Caignals. The crystal IV in the C-lobe). The C& binding affinity of the C-lobe
structure of C#&'-saturated vertebrate CaM resembles a is higher than that of the N-lobel(. Much effort has been
dumbbell in which the N-lobe is connected to the C-lobe by devoted to revealing the structuriunction relationships of
a central linker helix of approximately eight turrk—«3). A CaM. The major questions are the functional significance
of the dumbbell shape and the functional differences among
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Research from the Ministry of Education, Science, and Culture, Japan ; ; ;
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1 Abbreviations: CaM, calmodulin; PDE, cyclic nucleotide phos- Ca@M is @ poor activator of vertebrate enzym@sl(). Recent
phodiesterase; skMLCK, skeletal muscle myosin light chain kinase; results of solution X-ray scattering, NMR, and biochemical

NMR, nuclear magnetic resonané@y;, concentration of CaM required sty dies suggest an unusual mode of target recognition, which

for half-maximal activationVmax, maximum activity; SR-SAXS, small- . . .
angle X-ray scattering using synchrotron radiatigg;radius of gyration is different from the typical one of vertebrate Call1¢-

at a finite concentratiorfy, radius of gyration at infinite dilutionBy, 5).

parameter of interparticle interferenc&;, second virial coefficient; To elucidate aspects of the structufanction relationship
P(r), distance distribution functiongma, maximum distance of the

particle;Roe radius of gyration of the lobé:, center-to-center distance ~ Of yeast CaM, we have used four kinds of chimeric proteins
between two lobes. of chicken Gallus gallus Gg) and yeast CaM in which the
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MLCK-22p dissolved in water was filtered (Millipore filter,

Table 1: Functional Properties of CaMs - ! A
0.45 um) and purified with Sephadex G25 (Medium)

PDE SkMLCK (Pharmacia LKB) column (1.5 cmx 30 cm) chromatogra-
Ca&*binding Vmax  Kat  Vimax  Kaat phy. The purified MLCK-22p was freeze-dried and kept at
numbers (%) (M) (%)  (nM) —80 °C after weighing. The peptide was dissolved in water
Ggt-148 4 103 1.14 103 2.4 and used after the pH of the solution had been adjusted.
Sg:;zGde:E 4 972 174 842 486 SR-SAXS MeasurementEhe measurements were per-
g 01_128%9;129_148 j 18‘2‘ g:zg g;:g 5 41%-0 formed using synchrotron orbital radiation with an instrument
Sd-129Ggis0-148 3 963 520 147 8070 for SAXS installed at beamline BL-10C of the Photon
Sc-146 95.5 4310 9.9 41300 Factory (Tsukuba, Japan). The details of the optics and

instruments are given elsewheld), The basic medium used
for the SAXS measurements consisted of 50 mM Tris-HCI
. ) ) (pH 7.6) and 120 mM NaCl; the molar ratios ofaenoted
N-terminal sequences of chicken CaM were substituted for i, this paper were added molar ratios o?Caer mole of
the corresponding regions of yeast CaM. Table 1 summarizesprotein, and C#-free proteins were placed in 1 mM EDTA.
previous results on the activation profiles of phospho- T temperature of the SAXS experiment was kept at 25.0
diesterase (PDE) and skeletal myosin light chain kinase ¢ py circulating water through the cell holder. The volume
(skMLCK) by these proteinsl6). Here, Gg~**¢and Sé~14 of the measuring cell was ca. #0Q. The details of the sample
denote chicken CaM and yeast CaM, respectively, and thepreparation are given elsewhertl,

chimera of S&/Gg"*9~*% consists of residues inthe yeast ™ gcattering Data Analysisiwo methods of data analysis
CaM sequence of-inand chicken CaM sequenceroft 1 were used. The first method is that of Guinidi9(. The

through.148. S 129GlL3o-148 hinds only 3 mgl of C# like scattering intensityf(s,c) measured as a function sfat a
recombinant yeast CaM and has low affinities for both PDE pite protein concentratiors, is given by

and MLCK (compare the&Ky values in Table 1). These

results indicate that Sc*?9YGgl3%148 has a low-affinity 1(s.C) = 1(0.C) expl—(47¥3)R.(C)°SP 1

structure like yeast CaM, $¢29Gg'?®1#8has a high-affinity (5.0) = 1(0.c) exp[=( JR(©)s] @
structur_e7;or F;E_EHP ut not SKMLCK, and both’SEiGg 42 wherel(0,c) is the scattering intensity at= 0 andRy(c) is
and Sé""4Gg have a high-affinity structure (compare  the radius of gyration at a concentrationands equals (2

the Vimax andKac values in Table 1). _sin6)/A, where B is the scattering angle arids the X-ray
Further biochemical results have revealed that cooperative,yayelength. In the dilute limiti(0,c) is given by

C&" binding and a suitable rearrangement of a pair cff€a
binding sites in each lobe are important for high-affinity Kc/I(0c) = 1M + 2Ac + ... 2
interaction with PDE and that residues in chicken CaM
sequences of G# 18 and G '?% respectively, are  whereK is a constantM is the molecular weight of the
required for low values oKacin the activation of PDE and  protein, andA; is the second virial coefficient. In the dilute
skMLCK (16). The difference in the structural requirements [imit, Ry(c) is given by
indicated different manners of interactiobgy.

We do not as yet know the solution structure and Rg(c)2= Ry>— ByC+ ... (3
interaction of these chimeric CaMs. Therefore, our interests
have focused on the solution structure and the interaction ofwhereR, is the radius of gyration at infinite dilution arigk
chimeric CaMs in an effort to reveal the molecular origin of is the parameter of interparticle interferencg0,( 21).
the low-affinity and less active structure of yeast CaM. We According to FournetB; is represented in terms of the
used here small-angle X-ray scattering with synchrotron interparticle force potential and the temperature, and the sign
radiation (SR-SAXS) as a tool and a 22-residue peptide is usually the same as that &f (19). Using egs 2 and 3, we
corresponding to the CaM-binding domain (residues-577 estimated the three parametets, R, and By. For the
598) of skMLCK as a model peptide of the natural target analysis, the range af (A2 was from 1.6x 105to 1.6
for chimeric CaMs. The results presented here indicate thatx 107 for all samples measured.

aThe data are taken from a previous repdi)(

the replacement of A3 with Sef?® in site IV of CaM The second method is the calculation of the distance
induces the intramolecular interaction between two lobes. distribution function,P(r). P(r) is given by
MATERIALS AND METHODS P(r) = Snfl(s) (sr) sin(2rsr) ds 4)

Materials. Recombinant chimeric proteins of yeast and ) ) )
chicken CaM (SE129Ggl30-148 SA-12Gl29-148 SA-87/ Other details of the method of data analysis were described
Gg® 148 and Sé 79Gg’® 148 were produced by exactly the ~ €lsewhereZ2, 23).
same procedure of protein engineering as previously de'RESULTS
scribed in detail 16). The concentration of proteins was
determined by the method of Lowry et al 7. The Guinier plots [In(s,c) vs ] for Sct~2¥Ggt?*-148 and

A 22-residue peptide having the sequence KRRWKKN- Sc~129Gg'30-148 gver the concentration series are shown in
FIAVSAANRFKKISS corresponding to the CaM-binding Figures 1 and 2, respectively. Panels-@ represent the
domain (residues 57798) of skMLCK (termed MLCK- scattering curves in the absence of botl#'Cand MLCK-
22p) was synthesized on an Applied Biosystem model 431 22p, in the presence of &3 and in the presence of both
A peptide synthesizer using the general procedure. The crudeCa?* and MLCK-22p, respectively. In all of the samples
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FiGure 1: Guinier plots for the observed small-angle scattering s?IA®

from Sc—129Ggl2*1%8 at a series of protein concentrations at pH Figure 2: Guinier plots of SAXS from Sc129Ggi3-14 at a series
7.6. Panels A-C represent the scattering curves in the absence of of protein concentrations. The explanation is the same as in the
both C&" and MLCK-22p, in the presence of &a and in the legend of Figure 1.

presence of both Ga and MLCK-22p, respectively: (1) 7.5, (2) o o

10.0, (3) 15.0, and (4) 20.0 mg/mL. The straight lines were obtained values of1(0,0) extrapolated to infinite dilution for these
with data points between the arrows in the figure by the least- chimeric proteins under different conditions are proportional

squares method. to the molecular weight appropriate for the soluble monomer.
studied here, including Sc4Gg’®1#8 and Sé 87/Gg?é 148, In these measurements, the absolute intensity of SR-SAXS
there is no evidence of any upward curvature at$walues from chimeras has not been compared quantitatively with
in the Guinier plots caused by aggregation of the samples,the intensity scattered by a standard sample, because all
irrespective of the protein concentration (the Guinier plots samples have not been measured at the same period. The
for SA4Gg* 8 and Sé-8/Gg*é 148 are not shown). The  value of K was then determined by using the molecular
values ofc/l(0,c) obtained from the intercepts of the Guinier weight calculated from the primary sequence of each
plots are shown as a function of protein concentration in chimera. The values of the second virial coefficidatvere
Figure 3, in which panels A and B depict data foSé¥ calculated using eq 2 and compiled in Table 2. The negative
Gg'?* 148 and Sé 129Gyt 18 respectively. Plots in Figure  values of A, for Ca&t-saturated Sc'?9Gg!30148 in the

3 are also linear over the entire concentration range, and theabsence or the presence of MLCK-22p and fot'Gaturated
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Table 2: Second Virial Coefficient®), Radius of Gyration DilutionRy), By Coefficient, and Center-to-Center Distance between Two Lobes

(L) for CaMs under Three Different Conditions at pH .6

Az (x10* mol e g 2) Ro (A) Bir (x 103 crmb/g?) L (A)
1 2 3 1 2 3 1 2 3 1 2 3
Btl-148 3.1 2.1 0.6 21.2 21.5 17.9 6.8 4.7 2.6 33.2 335 23.5
Sc Gy 148 3.3 1.2 0.1 22.3 22.0 18.5 7.5 2.7 0.0 35.9 34.7 25.3
Sc-8/GgPe148 3.4 1.2 0.9 22.0 22.0 18.7 5.7 2.0 0.6 35.2 34.7 25.9
Sc 12§ Ggteo-148 4.6 2.8 -0.7 21.6 21.9 18.9 6.2 25 -—-1.2 34.2 345 25.9
Sc129Ggleo-148 3.8 —-0.3 —-0.4 21.7 20.9 18.6 5.6 1.7 -—-24 34.4 31.9 25.6
Sci-146 7.1 0.1 2.5 21.1 19.9 18.3 47 -09 -0.1 32.9 29.2 24.7

aThe definitions ofA;, Ry, B, andL are given in the text (egs 2, 3, and 5). The valuednR,, B, andL of bovine CaM B. taurus Bt 149
and yeast CaM (Sc'#9) are taken from a previous repo&4). The numbers 43 represent the solution in the absence of'Cn the presence of

Ca&", and in the presence of both Taand MLCK-22p, respectively.
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Ficure 3: Protein concentration dependencectf0,c) measured
at pH 7.6. The measured/I(0,c) as a function of protein
concentration is plotted for Scl2§Ggl2®-148 (A) and Sé—129
Ggl30-148 (B) in the absence of both €aand MLCK-22p (1), in
the presence of Ca (2), and in the presence of both €aand
MLCK-22p (3).
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Ficure 4: Protein concentration dependence of the measured radius
of gyration at pH 7.6. The measured radius of gyration as a function
of protein concentration is plotted for 5¢28Gg!2%-148 (A) and
Sc-129Ggl30-148 (B) in the absence of both €aand MLCK-22p

(1), in the presence of €a(2), and in the presence of bothTa

and MLCK-22p (3).

of both C&" and MLCK-22p indicate that the interaction
between the chimeric proteins is attractive. It is noted that

300 30

the interactions between these chimeric proteins are attractivethe value oB; for Sc--129Gg!30-148in the presence of Ga

Apparent radii of gyrationRy(c), were calculated from

is positive, while the corresponding valueAfis negative,

the slopes of the Guinier plots using eq 1 and are shown assuggesting that their interactions are remarkably specific.

a function of protein concentration in Figure 4. The radii of
gyration at infinite dilution, Ry, and the parameters of
interparticle interferenced;;, were calculated using eq 3 and
were compiled in Table 2. Table 2 also lifg By, andA;
values for SE72Gg’®1*8 and Sé 87/Gg?® 148 The values
of bovine Bos taurusBt) CaM and yeast CaM were taken
from our previous works24). The negative values dj
for SA129YGg30148 and Sé~129Ggl?® 148 in the presence

In the absence of G4, the Ry values for the chimeric
CaMs are larger than those of bovine CaM and yeast CaM,
although the molecular states resemble that of bovine CaM.
Once C&" binds, however, only th&, value of Sé 129
Gg'3® 1“8 decreases-4%, although the decrement is slightly
small compared with that of yeast CaM (the decrement is
~6%), indicating that the replacement of A3pwith Set?°
is necessary to bring the two lobes of CaM close together
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and to form a novel compact structure of yeast CaM 0.04 , ; :
suggested recenthl{, 12, 14). The SAXS results suggest A —pti148

that the interaction between S&9Gg=% 148 CaMs is o 8¢l 72agTH e
characterized by both a negatikgand a positiveB;;, and it 0.03 | a gel¥7Gggee1e |

v Sc1-128/Gg129-148

Sc1-129/Gg130-148
- .SC1-146

induces a novel compact structure.

In the presence of both €aand MLCK-22p, theR, values
of all chimeric CaMs decreased, indicating that conforma-
tional changes toward a contracted form were induced by
the binding of the peptide. TH& value of Sé& 129Ggt30-148
shows no significant difference compared with those of other 0.01
chimeric CaMs, suggesting that the solution structures of
these chimeric CaMs take a similar compact globular form.
However, their interactions show a significant difference: 0 &
Sc128G 29148 and Sé129G30-148 are characterized by 0 20 40 60 80
negative values of, and B. rA

In the absence of G4, all P(r) profiles of chimeric CaMs 0.04

. . T T 1

have a maximum around 20 A and a clear hump around 40 s
A (Figure 5A). The solution structure of these chimeric CaMs B o~ Bt

<o

P()

0.02

! . : - - N o Sc1-72/Gg73-145

is a dumbbell-like shape in which the two lobes, with a 003k 2 s 8ol TG -
diameter of~20 A, are connected at a distance~e40 A. ' v Sc1-128/Ggg129-148
The Ry values of these chimeric CaMs are consistent with o gol12yGg1a-148
this conclusion. & g02 -—-g¢146

Under the C#& -saturated condition, thB(r) profiles of
Sd‘_72/Gg73_l48, SC‘L—87/G988—148, and Sé—128/69129—l48 have
a maximum around 20 A and a clear hump around 40 A
(Figure 5B). The solution structure of these chimeric CaMs
is a dumbbell-like shape similar to that of Tesaturated
bovine CaM. On the other hand, tR¢r) profile of S&—129
Ggt-148 has a maximum around 22 A but an unclear hump 0 20 40 60 80
around 40 A. This is quite different from the findings for r/A
bovine CaM and other chimeric CaMs, suggesting that the

0.01

solution structure of Sc'?9YGgt® 148 less resembles a 0.04 T s
dumbbell and takes an intermediate structure between bovine c o :tc,_n /Ga7> 148
CaM and yeast CaM. The comparison between the solution A Sc1-s7/Ggse-14a
structures of Sc129Gg2% 148 and Sé-129Gg3-148 provides 0.03 | v SoMGg1e s

direct evidence that the replacement of A8pvith Sef?°
induces an interaction between two lobes of CaM and brings §
them close together. It implies that the site 1V that is unable

to bind C&" hinders the ability of the C-lobe to undergo

the conformational change to the full open state and a site
interacting with the N-lobe is induced in the C-lobe.

In the presence of both €aand MLCK-22p, allP(r)
profiles of chimeric CaMs display a single peak around 23 y
A without any hump. The chimeric CaMs have a less 0% 20 20 80
compact globular shape than the complex of'Gsaturated A
vertebrate CaM with the target peptidel( 25, 26), which FiGURE 5: Distance distribution functior(r), of various CaMs

is consistent with the results from thg values. The results  at pH 7.6. Panels AC represent th@(r) profiles of the CaMs in
suggest that the C-lobe of these chimeric CaMs also behaveshe absence of both €aand MLCK-22p, in the presence of €a

o Sc1-1291Gg130-148
- .Sc1-146

0.02

0.01

as a globular domain in the formation of the complex. and in the presence of both €aand MLCK-22p.
absence of Ca and anRghe of 13.5 A in the presence of
DISCUSSION Ca&" (22). The results are compiled in Table 2. Here the

In the development of a molecular explanation for the SR- assumption of a fixeRoe Seems to be inconsistent with
SAXS data, it is useful that the structure of chimeric CaMs the fact that both yeast CaM and!SE9Gg"** #® do not
consists of two quite separate but globular domains with an bind C&" in site IV, which might suggest an altered tertiary
interconnecting helix. The radius of gyration at infinite Structure. However, it is shown that a small chang&ige

dilution, R,, may be given by does not almost change the values. Furthermore, as
described in the Results and later, a site interacting with the
R02 = Rlobe2 + LY4 (5) N-lobe is induced in the C-lobe of 5¢29Gg'3® 48 under

the C&"-saturated condition, suggesting that the C-lobe
whereRpe iS the radius of gyration of a lobe ardis the behaves as a globular domain, and the C-lobe of all chimeric
center-to-center distance between two lokizg.(From eq CaMs behaves as a globular domain in the formation of the
5, the value ot is calculated using aRope 0f 13.2 A in the complex. It is noted that the values loffor chimeric CaMs
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in the absence of Caare always larger than that for bovine dumbbell-like structure similar to that of bovine CaM. In
CaM, suggesting that the solution structure of chimeric CaMs Sc129Gg!3%-148 however, the concerted opening does not
is a slightly extended dumbbell-like structure compared to occur in the C-lobe but in the N-lobe; that is, the drastic

that of bovine CaM. The CGa binding to Sé 72Gg’3 148
Sc#Gge 148 and Sé128Ggl?% 148 causes an increase in
the value ofL compared with that of bovine CaM. However,
it induces a decrease in’S&¥Gg'3%148 indicating the direct
evidence of an attractive interaction between two lobes,
which originates from the replacement of A&jwith Sef?°.

In the presence of both €aand the target peptide, the values
of L for the complexes of chimeric CaMs are always larger
than that of bovine CaM, suggesting that the solution
structures in the complex of chimeric CaMs have a slightly
relaxed globular structure compared to that of bovine CaM.

Comparisons between Bioe CaM and St72Gg’3148
TheP(r) profiles of S&é~79Gg’® 1*8and bovine CaM exhibit
similar behaviors as shown in Figure 5, suggesting that the
solution structure of Sc’9Gg’® 18 is similar to that of
bovine CaM. However, the structural and interaction pa-
rameters for Sc’9Gg’31%® are apparently different from
those of bovine CaM. These differences result from the
replacement of amino acid residues RMegMet’?, Lys®, and
Val®® in bovine CaM with Le&!, Leu, Sef’ and Il&®,
respectively, in Sc74Gg’®-1#8 Particularly, in the presence
of C&", the hydrophobic surface in the N-lobe ofS¢&/
Gg'® 18 |oses its flexibility, resulting in the hydrophobic
surface being smaller than in the case of bovine CaB] (
28). The result suggests that a repulsive interaction is more
dominant in St 7JGg’® 148 than in bovine CaM. Conse-
quently, the structural parameters suctiRgandL of Sct~7%
Gg’® 1“8 are larger than those of bovine CaM, while the
interaction parameters such Bg and A, are smaller than
those of bovine CaM.

Comparisons between S&/Gg? 1“8 and Sé 87/GgPe 148
The replacements of Alg Lys’®, Met’s, Asp’®, GIu®3, and
Arg®in Sc-"JGg3 1“8 with Sers, GIn’s, Leu’s, Ser8, GInf?,
and Led®, respectively, in Sc®/Gg?® 14 do not show a
significant difference, suggesting that the central linker is
less sensitive to these replacements.

Comparisons between'SE/Gg*® 148 and Sé 24Gg2%148
The SAXS results of Sc8/GgP8 148 and Sé128Ggt29-148
do not show a significant difference except those in the
presence of both Caand the target peptide. It is suggested
that Met® and GId*® play a critical role in the target
recognition, as the sign in th&; and A, values of S& 87/
GgP8 148 and Sé 129Ggl?® 148 s inverted under this condi-
tion, as shown in Table 2. The role of Glihas not been
reported hitherto. The difference in these interaction param-
eters could explain the differences\iaxandKae of S&87/
Gg88—148 and Sé—lZB/G9129—148_

Comparisons between Sé?%/Gg!?®148 and Sé 129
Gg'30148 Under the C& -saturated condition, the solution
structure of St 29Gg30-1#8 is substantially different from
that of Sé 128Ggl?®148 On the basis of the structural
parameters, particularly the valuesRafand theP(r) profiles,

change in the helix packing does not occur in the C-lobe
but in the N-lobe. Although the change in the interhelical
distance of the FG helix pair in C&"-saturated vertebrate
CaM is similar to that of C¥-free vertebrate CaM, the
corresponding interhelical angle is quite different from
another 29—31). Although it is suggested that the C-lobe
of Sc129Ggt30-148 adopts an unusual helix packing which
is not seen in Sc?¥Ggt?*-148 we could regard the C-lobe
as a novel globular domain different from that of'Sgé¥
Gg'?* 18 The novel solution structure of 5¢2YGg!30-148
could be modeled as a composite of sitedlll of Ca?*-
saturated vertebrate CaM and site IV ofGéree vertebrate
CaM, in which sites+1V are formed by A-B, C—D, E—F,
and G-H helices, respectively20). Consequently, the
solvent-exposed hydrophobic surface of the C-lobe 'St
Gg'3%148 which is partially surrounded by acidic residues,
is quite different from that of Sc?8Ggt?°-148 although that
of the N-lobe is the same as that of'S@¥Ggt?* 148 These
unbalances between the N- and C-lobes df 8#Gg!30 148
affect both the solution structure and their interactions, and
bring the two lobes close together. The SAXS results are
consistent with these interpretations. It should be noted,
however, that the Ca -free form of Sé 29Gg!30 18 has a
dumbbell-like structure similar to that of 8¢29Gg!3014¢

In the presence of both €aand MLCK-22p, the solution
structure of SE12YGg!3% 148 s a globular structure similar
to that of Sé"1?8Ggl?®148 On the basis of the interaction
parameters, particularly values Bf and A;, however, the
interaction of SE29YGgt30-14¢ js quite different from that
of SA128Ggl?* 148 The results suggest that the globular
structure of SE129YGgl3®148 complexed with the target
peptide is apparently stabilized by the electrostatic and van
der Waals interactions different from those of1Se¥
GgL29-148

Comparisons between 5&*YGgl3®148 and Yeast CaM.
In the absence of Ca, theP(r) profiles of Sé& 129Ggt30-148
and yeast CaM exhibit a similar behavior as shown in Figure
5A, suggesting that these solution structures are a dumbbell-
like structure similar to that of bovine CaM. On the basis of
the values oR, it is reasonable for yeast CaM to consider
a dumbbell-like structure more compact than that df 8¢
GgLao-148

Yeast CaM like SE129Ggt30-148binds C&" to other three
sites except site IV. On the basis of the structural parameters,
particularly the values oR, and P(r) profiles, the Ca"
binding to yeast CaM induces a structure more compact than
that of S&129Gg'3%-148 The solution structure of yeast CaM
is an intermediate structure between a dumbbell-like structure
and a compact globular structure. The difference in the
solution structure between yeast CaM and S8/ Ggt30-148
is responsible for the helix packing in their C-lobe, which
originates from differences between residues in chicken CaM

it is reasonable to consider an intermediate structure betweerresidues 136148 and those in yeast CaM residues 130

bovine CaM and yeast CaM for 8é2YGg'30-148 Sc—12¢
Gg'?* 18 hinds C&" at sites 1V, while Sc129Ggl30-148
bind C&" at three of the sites (not site V). In 5&%
Gg'??-148 the binding of C&" induces a concerted opening
to each lobe and a drastic change in the helix packing of
each lobe. The solution structure of!S@YGgt?*148is a

146.

In the presence of both €aand MLCK-22p, the solution
structure of yeast CaM is a compact globular structure similar
to that of Sé"12¥Gg!3¢-148 On the basis of the interaction
parameters, particularly values Bf and A;, however, the
interaction of yeast CaM is substantially different from that
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of Sc129Gg!0-148 The results suggest that the globular

structure of yeast CaM complexed with the target peptide is
apparently stabilized by the electrostatic and van der Waals

interactions different from those of 5é29Ggt30-148,

The results presented here indicate that the replacement
of residue 119 in site IV of CaM changed the interactions 11.

between CaMs, while that of residue 129 induced the
intramolecular interaction between two lobes. Furthermore,
these SAXS results are consistent with previdsx and
Kactdeterminations with skMLCK and with PDE). If one
could compare the scattering from'SE¥Gg2° 148 with that

of Gg12¥Sct?%-148 one would predict the following. These
two would have a similar dumbbell-like structure in the
absence of G4 and a similar compact globular shape in
the presence of both €aand MLCK-22p, while these two
would have a different structure under the?Gaaturated
condition; i.e., SE128Gg'?* 148 takes a dumbbell-like struc-
ture, while Gg129Sc'?*148 has an intermediate structure

between the dumbbell-like shape and the compact globular
shape. The intermediate structure should originate from the

differences in the residues of 8¢ 148 containing Se¥®.

To study the interaction of CaM with the intact skMLCK,
we used MLCK-22p as the model peptide in this report. This
may only imperfectly mimic the interaction of CaM with
the intact skMLCK. Further studies will be needed to confirm
this point.
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