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Expression of Calmodulin Function Revealed from X-ray Solution Scattering
: A Mode! of the Calmodulin-Mastoparan Complex

Yoshinobu lzumi, Norio Matsushima*, and Hidenori Yoshino**

Department of Polymer Science, Hokkaido University, Sapporo 060

* School of Allied Health Professions, Sapporo Medical College, Sapporo 060
**Department of Chemistry, Sapporo Medical College, Sapporo 060

X-ray solution scattering data from calmodulin have been measured.
We propose a model for the interaction of calmodulin and mastoparan based on the scatter-
ing data
Proposed model is characterized by a large bend in the central helix of calmodulin which
means the large conformational changes induced by the relative approach of the two domains
of calmodulin.
It is sugested that this general type of model may help explain calmodulin’s ability to
regulate the activities of its many different targets.
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Crystal Structure of calmodulin ( 3.6 A
resolution)!®
(a) a trace of the main chain: each «

Fig. 1.

~helix is represented by a cylinder,
the four calcium ions by black
circles. The lower arrow represents
the approximate two fold axis relating
two EF hands in the N domain;the upper
arrow relates those in the C domain
(b) partial space filling:
the crystal structure is symbolized
as “a ladle”.
The two homologous hydrophobic regions
are black and four clusters of aspar-
tate and glutalmate residues are indi-
cated by cross hatching
F12 and F34 represent proteolytic
fragmets.
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Table 1. Radii of gyration of F12 and F34 fragments under different conditions
Rg CAD
condition F12 F 34 Calculated values
EDTA 12.940.2 13.0%£0.2 1223 (0%), 13.2 ( 2.5%)
20a’t 14.7+0.3 13.4+0.2 14.0 (5 %)
20a%* +mastoparan 14.4%0.3 14.2%0.3 14.3 (0%
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Fig. 2. Zimm plots for the observed small angle scattering for calmodulin at a series of protein
concentrations at pH 7. 6, where K is a constant,.
(A) in the absence of both Ca** and mastoparan.
(B) in the presence of 5 mol Ca®’* /mol of protein,
(C) in the presence of both 4 mo! Ca®?*,mol of protein and 1 mo! mastoparan/mo! of protein,
Table 2 2nd virial coefficients and radii of gyration of calmodulin
at infinite dilution under different conditions
condition 10*B (ml - mol/g%) Rg (A) Ratiol Ratio2 Ratio 3
(B=A,M.,/1000) (Aso) (B) (Fig. 3)
EDTA 5.1%£0.5 20.9 1.00 1.00 1.00
4Ca?* 3.5%0.3 21.5 1. 09 0. 69 0.63

4Ca®* +mastoparan 1.1£0.1 17.8 0. 62 0.22 0.17
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Fig. 3. Concentration dependence of the Rg values

determined with the Guinier plots for

calmodulin at pH 7. 6.

(A) in the absence of both Ca** and
mastoparan,

(B) in the presence of 5 mol Ca®*mol
of protein,

(C) in the presence of both 4 mol Ca®*
/mol of protein and 1 mol mastoparan

/mol of protein.
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Table 3 Radius of gyration of calmodulin, bending angle (a) and center-to-center

distance (L o) between two domains under different conditions
condition Rg (A) a (°) Loo CA) de.x (A)
crystal 22.9 0 38.8 70.5
EDTA 20. 8 60 33.6 65. 3
4Ca%* 21.4 50 35.1 66. 9
4Ca®* +mastoparan 17.5 100 24.9 56.7
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Fig. 5. Intermedite scattering regions for

calmodulin at pH 7.6

(A) in the absence of both Ca?* and
mastoparan,

(B) in the presence of 5 mol Ca®*,/mol
of protein,

(C) in the presence of both 4 mol Ca®*
/mol of protein and 1 mol mastoparan
/mol of protein.
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Plots of the Rg values as a function of
molar ratio of added Ca®* per calmodulin
at pH 7.6 in the absence (A) and in the
presence (B) of 1 mo! mastoparan /mo!

of protein,

Fig. 6.
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Fig. 7. Intermediate scattering regions for calmodulin at pH 7. 6 in the absence (A) and in the

presence (B) of 1 mol mastopgran/mol of protein.
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