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Fig. 1. Decrease of all-spectrin in the kI™ kidney. (A)
(kDa) - p,) = = SI_DS-PAQE of _kidney micr_osomal fractions of 4-week-old r_nale
215 — 215 — mice, stained with Coomassie Blue. (B) Western blot analysis of
gel assessed with anti-oull-spectrin (C-20) antibody.  Lane 1, kI*'*;
lane 2, kI". Arrowheads indicate the position of oll-spectrin.
— < Open triangle in b indicates the position of the degraded product of
12288 &= | 122 — all-spectrin.  Molecular mass markers are indicated on the left.
-
s
calpain
N 88 kDa lc Fig. 2. Design of synthetic peptides for antibodies to
-EVQAVQQQEVYGAMPRDEADSK~ the 136 kDa and 148 kDa fragments of all-spectrin
r's Y cleaved by calpain. Antigenic peptides were designed to
[ 136 kDa | | 148kDa correspond the C-terminal sequence (QQQEVY) of the 136
~QQQEVY GAMPRD- kDa fragment and the N-terminal sequence (GAMPRD) of
4 I the 148 kDa fragment of aull-spectrin cleaved by calpain.
anti-BDP-136 anti-BDP-148
A B C D
12 12 12 12
(kDa) | == - (kDa)
215— 215—
(kDa) (kDa) W = - 122— 122—
215— 215— VeI S - P———
. - 497 49.7
122— 122— o Fig. 3. Changes of oll-spectrin,
34.6— 34.6— p-calpain and calpastatin in the kI”
kidney. (A and B) Western blots of
E F G kidney ~microsomal fractions  of
12 12 12 4-week-old  male mice using
(kDa) (kDa) (kDa) antibodies.
215— 215— 215— A, Anti-BDP-136 antibody.
122— 122— 122 — . - B, Anti-BDP-148 antibody.
79— << 79— - (C-G) Western blots of kidney
— cytosolic fractions of 4-week-old male
49.7— 49.7— ST e mice using antibodies.
C, Anti-pre-p-calpain antibody,
34.6— 34.6— =@ D, Anti-post-p-calpain antibody;,
346~ e=em E, Anti-pre-m-calpain antibody,
F, Anti-post-m-calpain antibody;,
H | J G, Anti-calpastatin antibody.
12 12 12 (H-J) Northern blot analyses of
p 4-week-old mice kidney.
e ; L H, Calpastatin. |, all-Spectrin.
. J, G3PDH.
285_“ s u g Lane 1, kI lane 2, kI
18s— 1 | 18s— " 185— - Arrowheads indicate the positions of
. the corresponding molecules.
& Molecular mass markers or ribosomal

RNA bands are indicated on the left.
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Fig. 5. Organ-specific differences in calpastatin,
calpain, and all-spectrin between kI”* and kI"
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Fig. 6. Changes in the kidney of aged normal mice.
and 29-month-old (lane 2) C57BL/6 mice.
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Western blots of organ extracts of 4- and
8-week-old male mice with antibodies.
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Mutation of klfotho gene
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Fig. 4. Dependency of calpain, calpastatin and
all-spectrin on Klotho protein. (A) Western blots of
kidney cytosolic and microsomal fractions of 2- and
3-week-old male mice using anti-Klotho antibody and other
antibodies described in Fig. 3. Lanes 1 and 4, kI*™*; lanes 2
and 5, kI'"; lanes 3 and 6, kI”. Arrowheads indicate the
positions of each molecule. (B) Intensities of bands in a
were measured by densitometric scanning using a
densitometer and NIH Image 1.61/ppc software.
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The aberrant activation of p-calpain and

the decrease of calpastatin in the kidney are caused by the klotho mutation, and such changes lead to the cleavage of

oull-spectrin.
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Aberration of calcium homeostasis and aging
Hiroshi Manya
Glycobiology Research Group, Tokyo Metropolitan Institute of Gerontology, Foundation for Research on

Aging and Promotion of Human Welfare,

Summary

The klotho mouse is an animal model that prematurely shows phenotypes resembling human aging. Here
we report that, in homozygotes for the klotho mutation (kI), au-spectrin is highly cleaved, even before the
occurrence of aging symptoms such as calcification and arteriosclerosis. Because oy-Spectrin is susceptible
to proteolysis by calpain, we examined the activation of calpain in kI’ mice. m-Calpain was not activated
but p-calpain was activated at an abnormally high level, and an endogenous inhibitor of calpain, calpastatin,
was significantly decreased. Proteolysis of oy-spectrin increased with decreasing level of klotho protein.
Similar phenomena were observed in normal aged mice. Our results indicate that the abnormal activation
of calpain due to the decrease of klotho protein leads to degradation of cytoskeletal elements such as
ouyr-spectrin.  Such deterioration may trigger renal abnormalities in kI” mice and aged mice, but klotho

protein may suppress these processes.
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