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Metal-free and Ca*-bound structures of a multidomain EF-hand protein, CBP40, from the

lower eukaryote Physarum polycephalum
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Figure 1

Overall fold of the Ca*-bound form of CBP40A-Side (a) and top (b)
views. The bound Ca** ions are represented as spheres. The coiled-coil
(C) and intervening (I) domains are shown in blue and green,
respectively. EF-hand motifs in the EF-hand (E) domain from EFI1 to
EF4 are represented by a gradation from orange to red.

Figure 2

The final 2Fo - Fc map contoured at 1.2c around the EF4-loop of the
Ca*-bound form. The residues involved in the Ca** coordination are
labeled. Water molecules are not modeled for lack of resolution.
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Figure 3

Comparison with other EF-Hand proteins. Ribbon representation of the
EF-hand domain of CBP40A in the Ca**-bound form (a), domain VI
of calpain (b), and calmodulin (¢) [7, 8]. EF-hand motifs are shown in
cyan (EF1), green (EF2), yellow (EF3), red (EF4), and purple (EF5).
In calmodulin, the eight-residue linker between EF2 and EF3 separates
EF1/2 and EF3/4.

ARuE7E, HAO EF-hand RXA Y DHEET, FX5
FOAVEY 2) e EHEEH LT, ™ Hfitz L5
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W Cat BRMEIE DS F 0 E RV, BT F R HE
T5EHMEN ERT S, 180 UL EDHIVEY 2V Uk
Gart Y AEHBEEET N TV SH, CBP40 D N K
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Figure 4
Superposition of the residues of four EF-hands involved in Ca®*
coordination in metal-Free, in red, and Ca*-bound, in green, forms.

AN EF-hand

" domain of large
. subunit
/ \.\

EF-hand domain
of small subunit

Figure 5

Interdomain contacts of the EF-hand domain within multidomain
proteins. EF1/2, cyan; EF3/4, green; other regions, white and beige.(a)
Globular structure of CBP40A. (b) The Ca*-free form of m-calpain [9,
10]. The Ca**-bound form of m-calpain has not been determined because
of aggregation. (¢) The Ca*-bound structure of the folistatinlike (FS)
domain (beige) and the EC domain of BM-40 [11]. The EC domain
contains two EF-hands (green) and another three o helices (white and
pink). The intramolecular interaction between the two EF-hands and the
helix shown in pink resembles the intermolecular interaction formed by
calmodulin and its target peptide.
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MNKEANCIERE N, NUw TR 1 ENYw T X201
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Figure 6

The model of the Ca*-induced oligomer of CBP40 making
intermolecular four-helix bundles, shown in stereo view.The coiled-coil,
intervening, and EF-hand domains are shown in sky blue, green, and red,
respectively. The additional N-terminal helix (Ala22-Lys32) is shown in
navy. Residues1-21 are not shown. Gln and Lys residues located on the
intermolecular surfaces are shown as stick models in purple and yellow,
respectively.
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(Appendix)

Data collection

Table 1 Crystallographic statistics

Data set Native 1 Native 2 Sm (NO,), HgCl,
(Metal-free) (Ca™-bound)

Space group P3,21 P3,21 P3,21 P3,21
Unit cell parameters

a(A) 64.4 64.4 64.5 65.0

c(A) 207.2 209.4 209.3 208.0
Resolution (A) 3.0 3.1 3.1 3.3
Reflections

(total / unique) 38752 /9795 34014 / 13647 44752710183 58759 /10278
Completeness (%) 91.7 97.1 97.8 98.5
Riperge (%0) 6.4 9.7 9.9 10.5
MIR Analysis
R, (%)* 26.4 26.4
Phasing power (centric / acentric) 1.17/1.39 0.99/1.12
Refinement Metal-free Ca**-bound
Ry ! Riee b . 0.244/0.260 0.249/0.293
Resolution range (A) 10.0-3.0 10.0-3.1
Rms deviations

Bonds (A) 0.013 0.010

Angles (*) 1.92 1.38
Average B-factors (A)

Main chain 41 33

Side chain 42 34

B-factors of the four Ca** ions (A%

31 (EF1), 22 (EF2), 35 (EF3), 30 (EF4)

a
Riso =X | Ftlerivulive - Fnarive | /X F

native*

*Reyse = Zisal Fops = Freare |/ Zria |Fopsl- Riree Was calculated as for R,y but on 5% of the data excluded from the

refinement.
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MCD for X-ray emission of core excitation in VUV region
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Figure 1

Illustration of the instrument for the XES-MCD measurement. The
instrument is composed of the preparation chamber, magnet chamber
and spectrometer chamber.
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Figure 2

Ilustration of the configuration of the magnet and sample holder.
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Figure 3

XAS and MCD for Gd in the 4d-4f excitation region. The vertical lines
in the figure denote the excitation energy for the XES in Fig. 4.
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Figure 4

XES and MCD for Gd in the 4d-4f excitation region. The left, center and right figures are spectra for the plus configuration, minus configuration and
MCD, respectively. An extremely large MCD appears in the inelastic peak of —22eV for the excitation energy C.
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Figure 5

Theoretical calculation of the XES and MCD for Gd. The left, center and right figures are spectra for the plus configuration, minus configuration and
MCD, respectively. The magnetic moment of Gd per atom is assumed to be 1.8 y,. The alphabets in the figures denote the excitation energies in Fig. 3.
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Figure 6
XAS and MCD for the Co (left) and Ni (right) bulk samples. The
excitation energies for the XES are indicated in the figures.
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XES for the Co bulk sample. A broad peak and another sharp peak are
found at the energy shift of —3.9 eV and 0.6 eV, respectively.
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XES for the Ni bulk sample. A broad peak and another unclear peak are

found at the energy shift of —4.6 eV and —0.7 eV, respectively.
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Comparisons of TEY and TFY for Co (left) and Ni (right). The MCD
spectra for the TEY and TFY are very different each other.
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Figure 10

The magnetic moment for Gd (left) and Co (right) per atom in the Gd/Co
multilayer estimated from the different measurements. The magnetic
moment per Gd atom estimated from 4d-4f TEY is multiplied by 30.
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Schematic explanation of magnetic states of Gd and Co layers in the
Gd/Co multilayer. The thick and thin arrows denote the magnetic
moments for Gd and Co atoms, respectively.
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Figure 1

Structural models of benzene adsorbed on Si(001)(2x1) surface.
Models (a), (b), and (c) correspond to the SB, TiB, and TwB models,
respectively. Large gray spheres, black spheres, and small gray spheres
correspond to silicon, carbon, and hydrogen atoms, respectively.

< [110]
110]

[

Figure 2

Structural models of pyrrole adsorbed on Si(001)(2x1) surface. Large
gray spheres, black spheres, medium gray spheres, and small gray
spheres correspond to silicon, carbon, nitrogen, and hydrogen atoms,
respectively.
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Figure 3

Stereopraohic plots of experimental (a) and simulated (b-d) PED patterns
at E, = ~100 eV. The patterns (b), (c), and (d) correspond to the SB,

TiB, and TwB models of Fig. 1.
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Figure 4 Same as Fig. 3but E; =~200eV.
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Table 1 R-factor values for the models in Fig.1.

Kinetic energy SB TiB TwB TiB+TwB
(eV) (100%) | (100%) | (100%) | (50%+50%)
~ 100 0.16 0.24 0.24 0.20
~ 200 0.16 0.23 0.23 0.21
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Typical (a) C 1s and (b) N 1s photoelectron spectra of the pyrrole
adsorbed Si(001)(2x1) surface taken at detection angle of surface normal
with their curve fittings.
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Figure 6

Stereographic plots of experimental (a-c) and simulated (d) PED patterns
for the pyrrole adsorbed Si(001)(2x1) surface. The patterns (a) and
(b) correspond to high and low kinetic energy components of the C 1s
spectrum in Fig. 5(a), respectively. The patterns (c) and (d) correspond
to the experimental and simulated one for N 1s, respectively. The C 1s
and N 1s patterns were taken at the photon energies of 400 and 515 eV,
respectively.
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Figure 1
Schematic drawing of experimental setup for detection of total electrons
and desorbing ions, which mainly consists of pulsed SR light (624
ns interval), time-of-flight mass spectrometer (TOF-MS), and data
acquisition system. Incidence angle of SR is 25° from a sample surface.
A: ammeter, Amp.: fast-preamplifier, Discri.: discriminator, MCS/MCA:
multi channel scaler and multi channel analyzer.
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Figure 2

Schematic molecular structures of ester compounds used in this
experiment.
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Figure 3

Total electron yield (TEY), total ion yield (TIY) and ion desorption
efficiency (IDE) spectra of (a) PMMA thin film, (b) MHDA SAM and
(c) EHDA SAM in C K-edge region. Assignments are indicated in each
spectrum. Spectra were measured at the SR incidence angle of 25° from
the surface.
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Figure 4

Typical PIY spectra of (a) PMMA thin film, (b) MHDA SAM, (c)
MHDA-d, SAM and (d) EHDA SAM in C K-edge region. The TEY
spectra are also shown at tops. Spectra were measured at the SR
incidence angle of 25° from the surface. Intensities of spectra are
multiplied approximately by numeral values given in right sides.
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(a) An example of peak-fitting analysis for TEY spectrum of MHDA SAM in C K-edge region. Slash-marked peak corresponds to the component of
6"(0-CH,) excitation. (b) - (d) Typical examples of quantitative estimation for PIY spectra ( O ) of (b) CH," of PMMA, (c) CH,* of MHDA SAM and
(d) D* of MHDA d, SAM. Shaded peaks are intensity-modified PI'Y spectra of each CH* (CD* for (d)), whlch correspond to the components from direct
dissociation processes at 6"(O-CH,) (c"(O-CD, for (d)) excitations. Dotted lines are modified TEY spectra for each sample and slash-marked peaks
are 6°(0-CH,/O-CD,) components of the TEY spectra, which correspond to the components from indirect dissociation. Solid lines are reproduced PI'Y

spectra by composition of the modified PIY and TEY spectra.
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Figure 6

TEY spectra and representative PIY spectra of CH,* and OCH* for (a)
PMMA thin film and (b) MHDA SAM in O K-edge region. Spectra were
measured at the SR incidence angle of 25° from the surface. Intensities
of spectra are multiplied approximately by numeral values given in right
sides. (Lower part) Schematic drawing of site-selective bond breaking in
methyl-ester group induced by resonant core excitations.
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Figure 7

(a) PIY spectra of CH,* in carbon core-excitation of MHDA SAM at the
different incidence angles of SR from the surface. (b) Incidence angle
dependences of integrated P1Y intensities of CH," and C,H," ions for the
net °(0-CH,) and 6'(C-C) excitations of MHDA. Intensities of CH,*
ion are multiplied by 0.1. Inserted curve indicates the fitting result by
the formula [15] at the angle o of 35°. A: normalization factor, P: degree
of linear polarization (0.9 in this experiment), 0: angle of electric field
vector (incidence angle), a: angle of transition dipole moment from the
surface normal.
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Figure 8

Typical examples of incidence angle dependences of PIY spectra of
CH," measured for (a) MHDA SAM and (b) PMMA by using correction
electrodes equipped on both sides of samples and the usual TOF-MS.
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