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ABSTRACT A cDNA encoding an endogenous inhibitor,
termed calpastatin, for calcium-dependent cysteine protease
(calpain, EC 3.4.22.17) was cloned by screening rabbit cDNA
libraries with a synthetic oligodeoxynudeotide probe based on
the partial amino acid sequence of the purified protein. The
deduced amino acid sequence contains 718 amino acid residues
(Mr, 76,964), and the mature protein corresponds to the
deduced sequence from the 80th residue of the primary
translation product (resultant Mr, 68,113). This deduced mo-
lecular weight is significantly lower than that determined by
NaDodSO4/polyacrylamide gel electrophoresis, suggesting the
possibility that the inhibitor is post-translationally modified.
The sequence of the mature inhibitor contains four consecutive
internal repeats 140 amino acid residues long, each of which
might be responsible for the inhibitory activity. Calpastatin is
apparently different from a typical cysteine protease inhibitor
(cystatin), suggesting that the mechanism of inhibition of
calcium-dependent cysteine protease by the inhibitor might be
different from that of other cysteine proteases by cystatin.

Calcium-dependent cysteine protease (calpain, EC 3.4.22.17)
is a widely distributed intracellular cysteine protease in-
volved in a variety of cellular processes mediated by Ca2'
(1-3). The enzyme catalyzes the limited proteolysis of vari-
ous proteins and its activity, which is absolutely dependent
on Ca2+, is controlled by a specific endogenous inhibitor,
calpastatin (1-3).
The structure of calpain has been well characterized; its

large subunit has four domains, including a papain-like
cysteine protease domain and a calmodulin-like calcium-
binding domain (4-6), and the small subunit consists of two
domains, a glycine-rich hydrophobic domain and a
calmodulin-like calcium-binding domain (7-9). However, the
structure of calpastatin has not been determined, and various
values have been reported for its molecular weight (10-15).
The molecular weights estimated by NaDodSO4/polyacryl-
amide gel electrophoresis were -110,000 for the human liver
(13), rabbit skeletal muscle (14), and porcine heart (15)
inhibitor and -70,000 for the porcine erythrocyte inhibitor
(15). The existence of multiple reactive sites for inhibition has
also been reported: 1 mol of calpastatin inhibits several moles
of calpain, although the precise mechanism of inhibition is
not known (13, 15).
As a step toward elucidation of the inhibition mechanism

of calpastatin, its structure was determined by analysis of its
cDNA sequence. The complete derived amino acid sequence
of the inhibitor is presented with a discussion on the
structure-function relationship.

MATERIALS AND METHODS
Purification of Calpastatin from Rabbit Liver and the

Designing of an Oligodeoxynucleotide Probe. Calpastatin was
purified from rabbit liver essentially as described (13). The
purified inhibitor gave a single band on NaDodSO4/poly-
acrylamide gel electrophoresis, and its various properties
were similar to those of the human liver inhibitor (13).
Purified calpastatin was digested with trypsin or endopep-
tidase Arg-C (Boehringer Mannheim), and then the peptides
generated were separated by HPLC on a Hitachi Gel 3063
column. Several peptides were subjected to amino acid
sequence analysis with a gas-phase sequencer (model 470A;
Applied Biosystems, Foster City, CA). An 18-base oligo-
deoxynucleotide mixed probe, 5'd[(G or A)TC(T or C)TG(T
or C)TC(T,G,C, or A)CC(T or C)TG(G or A)TC]3', corre-
sponding to the sequence Asp-Gln-Gly-Glu-Gln-Asp, was
synthesized with a DNA synthesizer (model 380B; Applied
Biosystems).

Construction of cDNA Libraries. Total RNA was extracted
from rabbit lung or heart by the guanidinium thiocyanate
method, and poly(A)+ RNA was selected by oligo(dT)-
cellulose column chromatography (16). Double-stranded
cDNA was synthesized essentially as described by Gubler
and Hoffman (17). Flush ends of the cDNA were generated
with T4 DNA polymerase, and the double-stranded cDNA
was treated with EcoRI methylase. Phosphorylated EcoRI
linker was ligated, digested with EcoRI, and then fractionated
by electrophoresis on a low gelling temperature agarose gel.
cDNA >2 kilobases was inserted into phage vector XgtlO and
packaged in vitro (Stratagene Cloning Systems, San Diego,
CA), and then the phages were grown on Escherichia coli
C600Hfl (18). More than 95% of the phages were recombi-
nant.

Screening of cDNA Libraries. About 3 x 105 recombinant
phages were screened with the synthetic probe labeled at the
5' terminus with 32p. Hybridization was performed overnight
at 50°C in a solution containing 50 mM Tris HCl (pH 8.0), 1
M NaCl, 10 mM EDTA, 0.2% bovine serum albumin, 0.2%
NaDodSO4, heat-denatured salmon sperm DNA at 200 ,g/
ml, and 32P-labeled probe at 106 cpm/ml. The final washing
was performed with 6x SSC (lx SSC is 0.15 M NaCl/0.015
M sodium citrate, pH 7.0), 0.1% NaDodSO4 at 50°C.
DNA Sequencing. The nucleotide sequence was determined

using pUC plasmid vectors and the dideoxy chain-termina-
tion method (19) from both directions of inserts.
RNA Blot Hybridization. RNA was denatured and electro-

phoresed on a formaldehyde-containing agarose gel (19).
After the electrophoresis, the RNA was transferred to a
nitrocellulose membrane and then hybridized with a nick-
translated cDNA probe at 42°C in a solution containing 50
mM sodium phosphate (pH 7.0), 5x SSC, 50% (vol/vol)
formamide, 0.1% bovine serum albumin, 0.1% polyvinylpyr-

3590

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. Natl. Acad. Sci. USA 84 (1987) 3591

rolidone, 0.1% Ficoll 400, 0.2% NaDodSO4, and heat-dena-
tured salmon sperm DNA at 200 ,g/ml. The filter was finally
washed in O.lx SSC/0.1% NaDodSO4 at 550C.

RESULTS

Isolation and Identification of cDNA Clones for Calpastatin.
From 3 x 105 plaques of a rabbit lung cDNA library, three
cDNA clones containing cDNA inserts for calpastatin were
obtained. Since the nucleotide sequence analysis and RNA
blot hybridization experiment revealed that the cDNA inserts
were not full length and since the content of mRNA for
calpastatin was the highest in the heart, other cDNA libraries
were constructed using rabbit heart poly(A)+ RNA and an
oligo(dT) primer or a synthetic oligodeoxynucleotide primer
corresponding to the sequence near 5' terminus of the cDNA
obtained (see Fig. 2). By screening these two cDNA libraries,
3 and 20 cDNA clones were isolated, respectively, from the
oligo(dT)-primed library (5 x 104 phages) and the primer-
extended library (105 phages).

Nucleotide sequence analysis, as shown in Fig. 1, revealed
the presence of a single long open reading frame of 2154
nucleotides that encoded 718 amino acid residues (Mr,
76,964) (Fig. 2). This open reading frame was preceded by a
termination codon in phase (positions -135 to -133 in Fig.
2). The deduced amino acid sequence contained all of the
determined partial amino acid sequences of the peptides
derived from purified calpastatin, indicating that this open
reading frame actually encodes calpastatin. Furthermore, on
the basis of the amino acid composition and the results of
RNA gel blot analyses described below, we concluded that
these cDNA clones cover the total amino acid coding region
and the 3'-noncoding region of calpastatin mRNA.
RNA Blot Analysis. Three mRNA species of calpastatin (I,

3.8 kilobases; II, 3.0 kilobases; III, 2.5 kilobases) were
identified in rabbit heart on RNA blot analysis when a probe
for the protein coding sequence was used (Fig. 3, lane 1).
Since three poly(A) addition sites were detected in the
nucleotide sequence (Fig. 2), these three mRNA species were
thought to result from different poly(A) addition sites. We
tested this by using probes specific for the 3'-noncoding
sequence. The extreme 3'-noncoding sequence (probe 3) only
hybridized with the longest mRNA species (mRNA I; Fig. 3,
lane 3), and probe 2 hybridized with two mRNA species
(mRNAs I and II; Fig. 3, lane 2). These results clearly
indicate that the three mRNA species contain different
lengths of the 3'-noncoding sequence, and that the cDNA
clones obtained here cover nearly the full length of the
mRNA. Similar results were obtained when RNA from other
tissues of rabbit were used (data not shown).

Amino Acid Sequence of Calpastatin. The open reading
frame deduced from the nucleotide sequence comprised 718
amino acid residues. The N terminus of purified calpastatin
determined with a gas-phase sequencer was Glu-Lys-Thr-
Ala-Ser-Arg-Ser-Lys-Glu-Pro-Val. This sequence complete-
ly matched that from the 80th residue of the deduced
sequence. Consequently, the purified inhibitor should consist
of 639 amino acid residues, if C-terminal trimming does not
occur. The amino acid composition of the 639 residues
coincided well with that of the purified inhibitor (Table 1).
Thus, mature calpastatin consists of 639 amino acid residues
with a molecular weight of 68,133.

In a search for domain structures that might be responsible
for the multiple reactive sites for inhibition, dot matrix
analysis was performed. As shown in Fig. 4B, several cross
lines were detected, indicating the existence of four internal
repeat structures (Fig. 4A). Homologous sequences of about
50 residues were observed at about every 140 amino acid
residues (Fig. 4A). A highly homologous sequence, Glu-Lys-
Leu-Gly-Glu-Xaa-Glu-Xaa-Thr-Ile-Pro-Pro-Xaa-Tyr-Arg,
flanked by relatively conserved sequences was observed in
the middle of each repeat. These repeating structures may be
correlated with the multiple reactive sites for inhibition, and
the highly homologous regions might be the reactive sites of
calpastatin.

DISCUSSION

We have cloned and sequenced cDNA clones for calpastatin
that cover the total amino acid coding region. Important
features of the deduced structure are that (i) the calculated
molecular weight of 68,133 is significantly lower than that
deduced on NaDodSO4/polyacrylamide gel electrophoresis
(Mr, 110,000), (ii) four internal sequence repeats, presumed
reactive sites, are presented, and (iii) there is no sequence
homology with cystatin, the most typical cysteine protease
inhibitor.
A wide range of molecular weights for calpastatin has been

reported from Mr 68,000 to 170,000 on the basis ofNaDodSO4
gel electrophoresis (10-15). The reasons for the diversity of
the values obtained on NaDodSO4 gel electrophoresis and the
difference between these values and those calculated from
the amino acid sequence are not clear. One of the most
probable explanations is post-translational modification.
The inhibitory activity of calpastatin must be explained in

terms of the deduced primary structure. Since calpastatin has
multiple reactive sites (11, 13), the four internal repeating
sequences (Fig. 4A) are the most probable candidates for the
reactive sites. The inhibitor inhibits 3 to 8 mol of calpain per
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FIG. 1. Restriction map and sequenc-
ing strategy for cDNA clones of
calpastatin. The amino acid coding re-
gion is shown by a solid box. Clone
XCI-311 was obtained from a lung cDNA
library, and the others were isolated from
heart libraries. Clones XCI-2, 311, 11, and
21 had poly(A) tracts. Clones XCI-213,
413, and 402 were obtained from the
primer-extended cDNA library. Arrows
indicate the directions and lengths of
sequencing.
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CAGCATGCCGCCCCGCCCCGTGGdaCCGCGGGCTGGGCTCCGAACTGAAACCGCGGGCCCCAGCGGGGAATGCGAACCTCCCAAGGGCCGGCCAAGGTGTCGGGCGGCGCCGCGAAGG
-II-

GTGTCAGCTTCCTCTGCTGCAGCCAGCAAGTCGCTCAGCATGAACCCCGCAGAAGCCAAGGCCGTTCCAATCAGCAAAGAGATGGAAGGACCACATCCTCATAGCAAGAAAAGACACAGA
M N P A E A K A V P I S K E M E G P H P H S K K R H R

100 200

AGACAGGATGCTAAAACAGAACCTGAGAAGTCACAATCAACTAAGCCACCTGTGCATCATGAAAAGAAGGCCCAGGAAGGAAAGCCAAACGAACACACCAAGCCAAAAAGCACACATAAG
R Q D A K T EPEK S Q S T K P P V D H E K K A Q E G K P K E H T K P K S T H K

5S

300

CATGCATCGGATGGAGAAGGCAAGCATGGTCGTAATGAAAAGACAGCTTCCAGATCGAAGGAGCCAGTGACACCGGCGAAACGAACAGAACCAGAGACTAAACCACAGGACACGAAGCCC
H A S D G E G K H G R N E K T A S R S K E P V T P A K R T E P E T K P Q D T K P

lob

400

GCTGGTGGGAAGAGCGTCGCTGCTGGGACGACGGCAGCACCTGGCAAAGCAGGCGACCCGAAGAAAGAAAAGAAGTCATTACCT GCTGCTGCTCTAGCTGAACCGAAGCCTGACGAACCG
A G G K S V A A G T T A A P G K A G D P K K E K K S L P A A A L A E P K P D E P

500
TCTGGAAAGTCAGGCATGGATGCTGCTTTGGATGACTTAATAGACACTTTGGGAGAGCCCAGCGAAACCCAAGAAGATTCCACAGCTTACACCGGACCAGAAATTTCAGATCCAATGAGT
S G K S G M D A A L D D L I D T L G E P S E T Q E D S T A Y T G P E I S D P M S

150

600
TCCACCTACATAGAAGAACTGGGTAAAAGAGAAGTTACAATTCCTCCAAAATACAGGGAACTTCTGGAGAAAAAAACAGGGGTTGCGGGGCCACCTCCAGACTCCGTGACACCCCTTGGC
S T Y I E E L G K R E V T I P P K Y R E L L E K K T G V A G P P P D S V T P L G

200

700 800

CCCGACGATGCCATCGACCCCCTGTCGTCTGACTTCACCTGCAGCTCTCCCGTGGCCAGTGGGAAGGAAGCCGGGAAGGAGGCAGCGAAATCTGCAGGAGAAGTTTTGGAAGCTGAGTCG
P D D A I D A L S S D F T C S S P V A S G K E A G K E A A K S A G E V L E A E S

250

900
GCCAAAGTCATGAGAGCTGCAGCCCCACCCCAGGAGAAGAAGAGAAAGGTGGAGGAGGATGCAATGAGCGACCAAGCACTTGAGGCTCTGTCGGCTTCGCTGGGCACCCGGATGGCAGAA
A K V M R A A A P P Q E K K R K V E E D A M S D Q A L E A L S A S L G T R M A E

_ 7 , 7 7 -t7 _ -z7 7 '7_300

1000

CCTGAGCTGGATCTGAGCTCCATCAAGGAAGTGCCCCCACCCGAAACGTAAAGAAGAAAAACTACAGAAGTGCGGTGAACATGATGAAACCGTCCCAGCCGAGTACACACTCAAACCACCC
P E L D L S S I K E V A E A K R K E E K V E K C G E D D E T V P A E Y R L X P A

1100
ACCCATAAACATCGAAAACCACTGTTGCCAGAGCCTGCAGAGAAA AAAGCC AG AGTCAGAACTTATTGACGAACTTTCCAAGGATTTTAGCCAGGCTAAGAGTAACGAAAAG

T D K D G K P L L P E P A E K-P T P R S E S E L I D E L S K D S Q A K S N E K

350

1200
CAGCCTAAGCCAACTGGAAAAACAGAAGAGTCCAAGGCTGCCGTCCCCGCTCCAGTGGCCGAAGCTGTGCCTCGGACGTCCATGTGCAGTATACAGCCGGTGCCACCCAAGCCTGCCTCG
Q P K P T G K T E E S X A A V P A P V A E A V P R T S M C S I Q P V P P K P A S

400

1309 1400
CTGCAGAAGAGCACGGTGCCGGATGATGCCCTCGGAAGCCTTCGCTGGC AGCCTtGGGAGGAACGAGGCTGATCCAGAAGAAGGGAAACCTGTGGCAGATAAAATCAAGGAGAAATCCAAG
L Q K S T V P D D A V E A L A G S L G R K E A D P E E G K P V A D K I K E K S K

4531

lSOQ
GAAGAAGAGCGGGAAAAACTTGGTGAAAAGGAAGAAACCATTCCCCCTGATTATAGACTGGAAGAGGCTAAGGATAAAGATGGAAAACCACTCCTGCCATCAGAGCCCACTGCACAACTT
E E E R E K L G E K E E T P P D Y R L E E A K D K D G K P L L P S E P T A Q L

sob

1600
CCAGCCTTGAGCGAGGACCTCCTCCTGGACGCCTTGTCTGAGGACTTCTCGGGTCCGTCGAGCGCCTCGTCTCTCAAATTCGACGATGCCATGCTCTCTGCTGCCGTCTCAGAAGTGGTC
P A L S E D L L L D A L S E D F S G P S S A S S L K F D D A M L S A A V S E V V

1700
TCCCAAAGCCCTGCCTCCATCACCCGCGCCACGGCCCCACCCCCTGACACTCGGCCCAGCAACAAGGAACTCGACGATGCCTTGGATAAACTTTCTGACAGTCTTGGCCAAACGCAGCCT
S Q S P A S I T R A T A P P P D T R P S N K E L D D A L D K L S D S L G Q R Q P

550

1809
GATCCCGATGAGAACAAGCCCATGGAGGACAAAGTGAACCAAACACCCAAAAAGGAACACAAAGACAAGCTGGGGGAGAGAGATGACACCATTCCCCCCCAGT ACAGGCACCTCCTGGAC
D P D E N K P M E D K V K E R A K K E H K D K L G E R D D T I P P E Y R H L L D

600

1900 2000
CAGGGCGAGCAGGACAAACCAGAGAAGCCACCTACAAAGAAATCAAAGGAAATAAAGAAACCTGCAGGTGACCAGGACCCCATCGATGCCCTCTCGGGAGACCTGGACAGCTGCCCTCC'A
Q G E Q K P E K P P T K K S K E I K K P A G D Q D P I D A L S G D L D S C P P

650

2100
GCTGCGGAGACCTCCCAGGCCACAGAG AAGGATAAAAGCAAGACCACGACGGCCT CCAGTTCCAAAGCTGCCAAGCATGGAGACAAAGCAAAGGATTC'AGCCCAGACCACAGAGGAAACT
A A E T S Q A T E K D K S K T T T A S S S K A A K H G D K A K D S A Q T T E E T

700

2200
TCCAAGCCAAAAGCCAATGAAAAAAATGCAAGT~xAGTTT ACACAGTTTGTGCTTTTGTCACAATGGCCTGTGTCCTGTGCCTCCAACAGTT ATCTGGATTGTTCACTGGATTTCTCC
S K P K A N E K N A S *

2300
ATTTGGGTTTTTCAAGGTACCTCAGATGCTCGGCTAGGTGGATGGTGACTTTCAGAAT AAAACGCTTTTGCAACAAAAGTTTCTGTGGGTGGCTTCTGGACAGCGGCATTGGTTGGGGCT

1

2409CTTGCCATCCTACACCTTCGTTTCCGGAAGGAAAATGAACTTGGTTCACCTGTGTTACTGTACAAGTACTGCTATTCTTTGAATGTTTTTCAATTGCCTTTAGCTGTGAGAGAAAGGAAG

CTTTATATTTTTAAGAAATGTATTTGATAAGCAATGCCAAAAACACTTTGCAAACTTTTGCACATTCTACACACAGTGCCTATAAATCTCAGTAGTAATTTCAGTTTGCACTTTTAGCAT

2700
CTGCCAAACAATGCTTTAAACAGTCTTCAGTGTTCCAATGTCTTATTACCTCCTCTCCTCGGGGTTTAAGTATTAGATGTTTCTTTGGGTATTACTGTTCATGAGTCAAAATGACTGTAC

2800
ATTGGGTACCTCTGTTGCGCTAATAAATAACCTGGACAAAACCCAGCCAGTACCAACTCCTTATGCATTTGAACTCTGGTTTGTCA AGGGGTGGGGACTTTAGCACCTTGGAGCAAGGGG

2

FIG. 2. (Figure continues on the following page.)
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2900
AAGAACAAAATGCAGGCGTGATAGC AAGTCACGGTACAGTGCATTCTGCGCATAAGTCTCAGCGTCTTGTCCTGTGGGGGCCCTGTGCTACACTCATGAACCTGCTTTCTGAGCTCTGCC

3000
CAGGAGCAGCTGTGGTTGCTTGGAGCCATG ACCACAGTAGTCTGTGCACTCATGAAGCGGGATGCTAGACGGTGCAAAGTTGACCAGTCATCT ACTTTAAAAACCGTACATACCTGAAAC

3100 3200
TCAGAGTCTGCTTCCAGCACCCTGAGTGGTGTTCCGTGAGCATTGCACCGATGTTACGATGGGATTTT AATAAATCATCCGCTTCTGGGTGAATCCAGGCACGGAGGGCAGATGTGAGCT

3300
GGAATTTGTCTGCAGAGAGAAGCTTTAATGAGGACTGAACTGACTTCACT ACCGGAAAGTTAAT AGCAACCTGTACTTCCTTGGAGGACAAGGTCAATGAAACGCCACACAGAACGGGCC

3400
CCAAATTTTATACTCCCTAAAGTTCATGCACAGAGCT ACCTACGCAATTGCAAACTCCACCTGCGAAGTGCTGTGTCCC AGACACATTCTATGTTCTAGGCACCAACAGAACATGAGAAC

3500
ACTTTCCTAAAGGATT ATACTATGTATTTAAGTCTCCCATTTGGACAGTACAGGTGTCTTCATTAAAAATCAATAA CTTGACATTGACAAAAAAAAAAAAAA

3

FIG. 2. Nucleotide and predicted amino acid sequences ofcDNA inserts for calpastatin. The deduced amino acid sequence is shown below
the nucleotide sequence. Termination codons in phase are boxed. Poly(A) signal sequences, AATAAA, and the sites of poly(A) addition are
underlined and double-underlined, respectively, and are identified as follows: 1, clone XCI-21; 2, clones XCI-311 and 11; 3, clone XCI-2. The
N-terminal sequence of the purified 110-kDa calpastatin is indicated by a long arrow below the amino acid sequence. The determined amino
acid sequences of tryptic or Arg-C peptides from the purified protein are indicated by short arrows below amino acid residues. A region
corresponding to an oligodeoxynucleotide used for primer extension is also identified (nucleotide 1085-1102).

mol on the basis of the molecular weight estimated on
NaDodSO4 gel electrophoresis. Recalculation ofthe value for
a molecular weight of 68,000 gives 1.8 to 4.9 mol, which
roughly corresponds to the number of repeating units. The
repeating structures of the four units most probably originat-
ed from an ancestral peptide of only one unit by means of a
two-step gene duplication, although this must be confirmed
by gene structural analysis (20).
A computer search using the National Biomedical Re-

search Foundation protein data base* revealed that no other
proteins including cystatin (21, 22), a typical member of the
cysteine protease inhibitor family, have clear sequence
homology to calpastatin. Moreover, the sequences of the
presumed reactive sites (Fig. 4A) are completely different
from cystatin. Calpastatin does not inhibit other cysteine

*National Biomedical Research Foundation (1986) Protein Sequence
Data Base ofthe Protein Identification Resource (Washington, DC),
Release No. 8.0.
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FIG. 3. RNA gel blot analysis. Poly(A)+ RNA from rabbit heart
was electrophoresed on a 1% agarose gel, blotted, and then hybrid-
ized with three probes. Lanes: 1, probe 1 covers the total amino acid
coding region; 2, probe 2 is an 841-bp HindIII fragment (nucleotides
2479-3220 in Fig. 2); 3, probe 3 is a HindIII/EcoRI fragment of clone
XCI-2 corresponding to nucleotides 3221-3544. The mRNA species
(I, II, and III) and the locations of 28S and 18S rRNA markers are
shown.

proteases, and cystatin, except for the second domain of
low-molecular-weight kininogen, does not inhibit calpain
(22-24). Therefore, the structural dissimilarity between
calpastatin and cystatin may not be surprising. It should be
noted, however, that a sequence similar to -Thr(or Ser)-Ile-
Pro-Pro- shown in Fig. 4A is found in the reactive sites of
serine protease inhibitors (25).
The totally different structural properties of calpastatin

from those of cystatin suggest that it is a new class of cysteine
protease inhibitors and their mechanisms of inhibition might
be different, although the most probable mechanism of
inhibition is the direct interaction between calpastatin and the
active site in the protease domain of calpain, as in the cases
of most other protease inhibitors.

This work was supported in part by research grants from the
Ministry of Education, Science and Culture, and from Natiohal
Center of Neurology and Psychiatry (NCNP) of the Ministry of
Health and Welfare of Japan.

Table 1. Amino acid composition of rabbit calpastatin

Amino acid composition
Deduced from cDNA, %*

Residue (numbers of residues) Experimental, %
Asx (Asp) 9.5 (56) 10.3

(Asn) (5)
Thr 6.0 (38) 4.8
Ser 9.9 (63) 8.7
Glx (Glu) 14.8 (77) 15.7

(Gln) (17)
Pro 10.8 (69) 10.2
Gly 5.0 (32) 6.5
Ala 11.7 (75) 12.7
Cys 0.6 (4) ND
Val 3.6 (23) 3.3
Met 1.3 (8) 1.6
Ile 2.2 (14) 1.4
Leu 7.0 (45) 7.7
Tyr 0.9 (6) 0.9
Phe 0.6 (4) 1.1
Lys 12.5 (80) 11.3
His 0.5 (3) 0.8
Arg 3.1 (20) 3.0
Trp 0.0 (0) ND
Total 100.0 (639) 100.0

Predicted composition of purified calpastatin (amino acid residues
80-718, in Fig. 2). Amino acid composition of purified calpastatin
was determined with a Hitachi 855 amino acid analyzer equipped
with a fluorescent detection system. ND, not determined.
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