Available online at www.sciencedirect.com

SCIENCE<dDIRECT®

Biochemical and Biophysical Research Communications 324 (2004) 46-51

BBRC

www.elsevier.com/locate/ybbrc

Molecular cloning and characterization of rat and human calpain-5~

Anuradhaa Waghraya’b’c’*, Deng-shun Wangb, Deborah McKinseyb,
Ronald L. Hayes*™°, Kevin K.W. Wang®?<4*

& Department of Psychiatry, McKnight Brain Institute of the University of Florida, 100 S Newell Drive,
P.O. Box 100256, Gainesville, FL 32610-0256, USA
® Department of Neuroscience, McKnight Brain Institute of the University of Florida, 100 S Newell Drive,
P.O. Box 100256, Gainesville, FL 32610-0256, USA
¢ Center for Traumatic Brain Injury studies, McKnight Brain Institute of the University of Florida, 100 S Newell Drive,
P.O. Box 100256, Gainesville, FL 32610-0256, USA
4 Center for Neuroproteomcis and Biomarker Research, McKnight Brain Institute of the University of Florida,
100 S Newell Drive, P.O. Box 100256, Gainesville, FL 32610-0256, USA

Received 1 September 2004

Abstract

Until today, 14 isoforms of mammalian calpains have been identified, including calpain-5. The C. elegans calpain-5 homologue tra-3
is reported to be essential for necrotic neuronal cell death. In this study, we cloned and characterized rat calpain-5, which is highly
homologous to human and mouse sequences. The nucleotide sequence is 87% and 93% identical with human and mouse calpain-5,
respectively. The protein sequence is well conserved, showing 96% identity in mouse and 92% in human. RT-PCR analysis revealed
strong expression of calpain-5 in rat lungs, kidneys, and brain while week expression in heart, whereas in rat brain regions it is ubiqui-
tously expressed. The mRNA expression in different human tissues showed equal expression. However, in human brain regions calpain-
5 was strongly expressed in hypothalamus, thalamus, cerebellum, and frontal lobe. Western blot analysis on human neuroblastoma
SH-SYS5Y cells demonstrated calcium-dependent processing of calpain-5, despite the absence of calmodulin-like domain.

© 2004 Elsevier Inc. All rights reserved.
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Calpains are a family of calcium-dependent cys-
teine proteases involved in a wide variety of physio-
logical processes and pathological disorders [1,2].
There are 14 known isoforms of the calpain family
and are classified into two groups: ubiquitous and tis-
sue-specific. The two ubiquitously expressed p- and
m-calpains have similar biochemical features, except
for calcium concentration required for activation in
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vitro. Two tissue specific calpains identified are:
nCL-1 (p94), expressed predominantly in skeletal
muscle [3], and nCL-2, expressed predominantly in
stomach [4].

Classical mammalian calpains (calpain-1 and cal-
pain-2) are heterodimers, consisting of a large catalytic
and a small regulatory subunit. The 80-kDa large sub-
unit consists of four domains (I-IV). D-II contains
the catalytic triad of Cys, His, and Asn. D-IV contains
four calmodulin-like calcium binding EF-hand motifs,
which confer calcium dependence on proteolytic activ-
ity. Domain-III has been suggested to bind to calcium
via C2-like fold [2,5]. Moldoveanu et al. [6] also recently
demonstrated the presence of calcium-binding sites
within domain II that serve as calcium-switch in the
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activation of classical calpain-1 and -2. Domain-I is
cleaved off during initial activation by calcium. The
small subunit contains calcium-binding domain similar
to D-IV of the large subunit and is involved in regula-
tion of enzymatic activities. Recently a new member
of calpain family, human tissue-specific calpain, termed
htra-3 or calpain-5 has been cloned and characterized
which is highly homologous to the tra-3 gene of C. ele-
gans [7,8]. The amino acid sequence of htra-3 was sim-
ilar to other members of the family with an exception in
domain IV. The calmodulin calcium-binding EF-hand
structure was replaced by a unique sequence, termed
domain T, which is homologous to C. elegans tra-3
[8,9]. Mouse calpain-5 has also been identified with
structural similarity to human tra-3 [10].

Calpains have been implicated in a variety of pro-
cesses including apoptosis, cell division, long-term
potentiation in the central nervous system, and embry-
onic development [11-14]. Tra-3 in C. elegans has been
known to be involved in sex determination and in necro-
tic cell death [8,15], however, the physiological role of
calpain-5 its mammalian orthologue is unknown. Identi-
fication of the rat homologue of htra-3 may not only as-
sist in elucidation of its function and evolutionary
history, but also allow determining its functional role
associated with neurological disorders in rats.

Materials and methods

Total RNA isolation. Total RNA was isolated from different rat
tissues and brain regions using TRIzol reagent (Gibco-BRL, Rockville,
MD) and suspended in 50-100 pL DEPC-treated water. RNA con-
centrations were quantified and stored at —75°C for reverse
transcription.

Cloning of full-length of rat calpain-5. Total RNA (3 pg) from rat
brain tissue was reverse transcribed using Superscript II reverse
transcriptase (Invitrogen) and oligo(dT). To clone full-length rat cal-
pain-5, primers were designed from the highly conserved regions of
human and mouse calpain-5 sequences. Two pairs of specific primers
were designed with an overlapping region of 31 bases in order to
correct any potential erroneousness and PCR amplified P1: 5'-GTC
TAG CCT CCG CTC CAG TGC 3’ and P2: 5'-ACG CCC ATC TTC
TCC CTC TCA 3'. P3: 5-CGT CAG AGG AAT GGC AGA AAG ¥/
and P4: 5-ACA GTG GGT CAG TGG AAG AGT G 3. PCR
products were cloned into T/A cloning vector and sequenced using Dye
Terminator Cycle Sequencing on CEQ 2000XL DNA Analysis System
(Beckman—Coulter). DNA sequence was then confirmed by the local
alignment search tool (BLAST) network service at the National Center
for Biotechnology Information.

Real-time-PCR on different rat tissues. Total RNA (3 pg) was iso-
lated from rat brain cortex, lung, kidney, liver, heart, and testes, and
reverse transcribed as described above. Rat calpain-5 mRNA was
amplified by real-time-PCR (RT-PCR) on Roche Light Cycler using 5’
GCT GCC TGC TCA TCA CTG GC 3’; and 5' TCA CTC TTG CTC
ACT TTC TG 3’ primers. The quantitative data were plotted on a bar
graph.

RT-PCR on different rat brain regions. Total RNA was isolated
from different brain regions: cortex, hippocampus, cerebrum, spinal
cord, thalamus, substantia nigra, striatum, medulla, pons, frontal lobe,
and temporal lobe. They were reverse transcribed and PCR-amplified

using rat calpain-5 specific primers 5 ACG GTG AGT TCT GGA
TGA CC 3’ and 5" GCC CAG AAA TTC ATC CTT CA 3’ and equal
loading was determined by PCR amplification using GAPDH primers.

RT-PCR on different human tissues and brain regions. The calpain-5
mRNA expression was determined on the cDNA panel derived from
different human tissues or brain regions (Human Rapid Scan panel or
Human Brain Rapid Scan panel, OriGene Technologies). Thel000x
cDNA panel was PCR-amplified using 5 CTGCTGGTTTGTGG
CAGCTG 3’ and 5 GCGGTCGTCCTGCACGGTCAC 3’ human
calpain-5 specific primers. The B-actin primers provided in the kit were
used to determine the equal sample loading.

Cell treatment and protein extraction. Human neuroblastoma SH-
Sy5Y cells were grown to confluency on a 12-well plate in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal bovine serum,
100 U/ml penicillin, 100 pg/ml streptomycin, and 2.5 pg/ml of Fun-
gizone. At 80% confluency the cells were washed once with PBS
without Ca** and Mg”>* and maintained in serum free MEM for 1 or
24 h containing one of the following: 0.3 nM maitotoxin (MTX)
(calcium channel opener) or 2.5 uM A23187 (Ca>* ionophore) [16].
MTX treated cell lysates were collected lhr after incubation and
A23187 treated cell lysates 24 h after treatment. Similar experiment
was set up and the cells were pretreated for 1 h with different
inhibitors: MDL-28170 (10 pM) (calpain inhibitors); ZD-DCB
(50 uM) (caspase inhibitors); and N-ethylmaleimide (NEM, 50 uM)
(thiol reactive agent) [16,17] followed by 1 h treatment with 0.3 nM
MTX. The cell lysates were collected and used for Western blot
analysis.

Western blot analysis. Total protein concentration of the above cell
lysates was determined by BCA assay (Pierce). Fixed amount of pro-
teins (20 pg) was run on a 4-20% SDS-PAGE gel and transferred onto
PVDF membrane. The blots were probed with anti-human calpain-5
antibody (Cl1, Cedarlane, Canada); biotinylated secondary antibody
followed by streptavidin conjugated alkaline phosphatase. The blots
were developed with nitro blue tetrazolium and 5-bromo-4-chloro-3-
indolyl phosphate.

Results
Cloning of full-length of rat calpain-5

Total RNA from rat brain was PCR-amplified, se-
quenced, and cloned into T/A vector (Fig. 1A) (depos-
ited as GenBank Accession No. AF484958). We
identified 1876 bp ¢cDNA which contained a single
long open reading frame encoding a polypeptide of
640 amino acids with a calculated molecular mass of
~76 Da and an isoelectric point (pl) of 7.60. The
nucleotide sequence was 87% and 93% identical with
human and mouse calpain-5, respectively. The deduced
amino acid sequence was very well conserved (Fig. 1B)
with rather more similarity to the mouse (96% iden-
tity) than to the human (92% identity). We believe
that our cDNA contains the entire functional region
of the protein, because there was a single methionine
residue in good Kozak consensus that also matches
the human and mouse calpain-5. Similarity in each
of the domains, I, II, III, and (T), was 79.2%,
92.2%, 94.4%, and 82.8%, respectively. The domain
IT was highly conserved particularly at the catalytical
site of cysteine, histidine, and asparagine residues
(Fig. 1B).
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Fig. 1. Predicted cDNA and amino acid sequence of rat calpain-5. (A) Rat capn-5 sequence (GenBank Accession No. AF484958) consists of 1866 bp
long cDNA with a single long open reading frame encoding a polypeptide of 640 amino acids. (B) Alignment of the predicted rat calpain-5 amino
acid sequence with human and mouse calpain-5. All three sequences contained conserved domain structures indicated by relevant sequence segments
and catalytic residues indicated by (W) in domain II. Consensus sequence among the three proteins is indicated by (*).

mRNA expression of calpain-5 in different rat tissues mRNA expression of calpain-5 in different human tissues
To determine the expression pattern of rat calpain-5 To determine the expression pattern of calpain-5 in
in different rat tissues, we performed real-time-PCR. different human tissues, we performed RT-PCR on the
The calpain-5 transcript was ubiquitously expressed in 1000x cDNA panel of different human tissues using
all rat tissues examined, with the highest level of expres- human calpain-5 specific primers. The calpain-5 tran-
sion being in lung and the lowest level in heart among script (~700 bp) was equally expressed in all tissues
tested tissues including heart, testes, brain cortex, liver, (Fig. 4A). However, RT-PCR analysis on 250x cDNA
kidney, and lung (Fig. 2). panel showed expression only in colon, testes, and brain
tissues (data not shown), suggesting that calpain-5 is
mRNA expression of calpain-5 in different rat brain strongly expressed in testis, brain, and colon, but at
regions 1000x, its expression may be saturated in all tissues.
The expression pattern of rat calpain-5 in different rat mRNA expression of calpain-5 in different human brain
brain regions was determined by RT-PCR analysis. The regions
~0.8-kb calpain-5 transcript was equally expressed in all
the brain regions that were analyzed. The GAPDH PCR The expression pattern of calpain-5 in different

analysis showed equal loading (Fig. 3). human brain regions was analyzed by RT-PCR on the
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Fig. 2. Expression of calpain-5 transcript in different rat tissues. Total RNA was extracted and real-time PCR was performed on heart, testes, cortex,
liver, kidney, and lung rat tissues using rat specific calpain-5 primers. GAPDH-specific primers were used for equal loading (n = 3).
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Fig. 3. Expression of calpain-5 transcript in different rat brain regions. Total RNA was extracted from different brain regions and RT-PCR analysis
was performed using rat specific calpain-5 primers. GAPDH specific primers were used on the same set of samples for equal loading.
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Fig. 4. Expression of calpain-5 transcript in human. Human specific calpain-5 primers were used for RT-PCR analysis on 1000x cDNA panel of (A).
Tissue specific human rapid scan cDNA panel. (B) Human brain rapid scan cDNA panel. RT-PCR with B-actin specific primers was performed for

equal loading.

1000x cDNA panel of different human brain regions
using human calpain-5 specific primers. The human cal-
pain-5 transcript (~700 bp) was strongly expressed in
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Fig. 5. Western blot analysis of the calpain-5 protein in SH-SY5Y. (A)
Cell lysates from untreated (control) or treated with MTX (0.3 nM) for
1 h or with A23187 (2.5 uM) for 24 h and subjected to SDS-PAGE gel.
The blots were probed with anti-human calpain-5 antibody (1:1000).
The arrow indicates approximately 76 kDa full-length calpain-5
protein. (B) Cell lysates were preincubated with MDL28170 (10 uM),
ZD-DCB (50 uM), or NEM (50 uM) for 1 h prior to treatment with
MTX (0.3 nM). The samples were subjected to SDS-PAGE gel and
probed with anti-human capn-5 antibody (1:1000). The arrow indicates
approximately 76 kDa full-length calpain-5 protein.

medulla, hypothalamus, thalamus, cerebellum, and
frontal lobe (Fig. 4B).

Western blot analysis

To evaluate the ability of calcium-mediated activation
of calpain-5, the maitotoxin (MTX, a potent calcium
channel opener) (0.3nM) or calcium ionophore
A23187-(2.5 uM) treated SH-SYSY cells were subjected
to Western blot analysis and probed with anti-human cal-
pain-5 antibody. The results show that in the absence of
exogenous calcium, full-length calpain-5 band
(~76 kDa) was detected (Fig. SA, control). However,
treatment with MTX or A23187 resulted in reduction or
loss of the intact band, suggesting that calpain-5 is pro-
cessed or autolyzed in the presence of calcium (Fig. 5A).
Further, the SH-SYSY cells were treated with calpain
and caspase inhibitors prior to MTX treatment and ob-
served that calpain-5 processing is blocked by calpain-1,
-2 specific inhibitor (MDL-28170) and by thiol reactive
agent, N-ethylmaleimide (NEM), but not by caspase
inhibitor (ZD-DCB) (Fig. 5B). These results strongly sug-
gest that other members of calpain family control the cal-
cium mediated processing of calpain-5.

Discussion

Using oligonucleotide primers designed from human
and mouse calpain-5 sequences and rat genomic DNA
as a template, rat calpain-5 was identified and
sequenced. Its nucleotide sequence was 87% and 93%
identical to human and mouse calpain-5, respectively,
and maintained the active triad sequence of Cys, His,
and Asn in domain II. The single long open reading
frame coded for 640 amino acids with a calculated
molecular mass of ~76 kDa and an isoelectric point
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(pl) of 7.60. The amino acid conservation for individual
domains between rat, mouse, and human calpain-5 is:
79.2%, 92.2%, 94.4%, and 82.8%, respectively, for do-
mains I, I, ITI, and T (Figs. 1A and B). Tissue distribu-
tion of capn-5 in rats has shown strong expression in
lungs and kidneys while very week expression in heart.
However, in different brain regions it is ubiquitously ex-
pressed in all tested regions (Figs. 2 and 3). In human
capn-5 was equally expressed in all tissues may be due
to saturation of the gene (Fig. 4A), because at lower
cDNA concentration (250x) it was expressed only in co-
lon, testes, and brain, similar to those observed by other
studies [7,9] suggesting its role in these tissues. In addi-
tion, the distribution of capn-5 in different brain regions
showed strong expression in medulla oblongata, hypo-
thalamus, thalamus, cerebellum, and frontal lobe (Fig.
4B). However, Dear et al. [9] have shown no expression
of calpain-5 in medulla oblongata, weak in thalamus,
and the spinal cord expression pattern was similar to
that observed by us. These differences could be due to
difference in sample loading or the method of detection.

Domain IV, common to other mammalian members
of calpain, contains a calcium-binding domain [6] and
interacts with the small subunit and the endogenous
inhibitor calpastatin [18,19]. Lack of domain IV may
prevent capn-5 from interacting with calcium ions and
the small subunit in the same manner as ubiquitous cal-
pains. However, recent crystallization works clearly
show that there are key calcium-bindings sites within
domain II that serve as calcium-switch in the activation
of classical calpain-land -2 [6]. In addition, there is also
the possibility of the conserved C2-like domain (D-III)
that might serve as additional calcium sensor [2,5]. In
SH-SYS5Y cells we detected full-length calpain-5
(~76 kDa) in the absence of exogenous calcium how-
ever, addition of calcium showed reduction or loss of
the full-length calpain-5 band (Fig. 5A). These results
were similar to those observed previously, however our
antibody could not detect the cleaved product
(50 kDa) of calpain-5 as shown by others [9,20]. Further
upon treatment with different calpain and caspase inhib-
itors prior to treatment with MTX, we observed recov-
ery of the full-length capn-5 band after treatment with
calpain inhibitor and with thiol reactive agent but not
with caspase inhibitor (Fig. 5B), suggesting that calci-
um-mediated processing of calpain-5 is calpain- but
not caspase-dependent. Previous reports suggest that
interaction of small subunit (via domain VI) with the
large subunit of classical calpain-1 or -2 (via domain
IV) is important for calpain activation and heterodimer
formation [21]. Due to lack of domain IV in calpain-5, it
is highly likely that it is not associated with or regulated
by a small calpain subunit. Another possibility is that

domain T which is highly conserved may play an impor-
tant role in regulating the activity of these proteins [8].

The physiological function of calpain-5 in mammals
remains unclear, its high expression in testes as we and
others have demonstrated [7,9] is supportive of sex-re-
lated function, but further studies are required for bio-
logical evidence. In addition, recent knowledge about
various calpain family members that they contribute to
neurodegeneration and neuronal loss [14], and the
requirement of C. elegans tra-3 for necrotic cell death,
and initiation of neuronal degeneration [15] suggest its
possible role in neuronal loss. Identification of calpain-
5 in mammalian brain suggests that similar mechanisms
are conserved from nematodes to humans and they high-
light the fact that calpain-5 may be a potential target for
therapeutic intervention in an effort to battle neuronal
loss and degeneration.

References

[1] T.C. Saido, H. Sorimachi, K. Suzuki, FASEB J. 8 (1994) 814-822.

[2] Y. Huang, K.K. Wang, Trends Mol. Med. 7 (2001) 355-362.

[3] H. Sorimachi, S. Imajoh-Ohmi, Y. Emori, H. Kawasaki,
S. Ohno, Y. Minami, K. Suzuki, J. Biol. Chem. 264
(1989) 20106-20111.

[4] H. Sorimachi, S. Ishiura, K. Suzuki, J. Biol. Chem. 268 (1993)
19476-19482.

[5] C.M. Hosfield, J.S. Elce, P.L. Davies, Z. Jia, EMBO 1J. 18 (1999)
6880-6889.

[6] T. Moldoveanu, C.M. Hosfield, D. Lim, J.S. Elce, Z. Jia, P.L.
Davies, Cell 108 (2002) 649-660.

[7] N. Mugita, Y. Kimura, M. Ogawa, H. Saya, M. Nakao, Biochem.
Biophys. Res. Commun. 239 (1997) 845-850.

[8] T.M. Barnes, J. Hodgkin, EMBO J. 15 (1996) 4477-4484.

[9] N. Dear, K. Matena, M. Vingron, T. Boehm, Genomics 45 (1997)
175-184.

[10] K. Matena, T. Boehm, N. Dear, Genomics 48 (1998) 117-120.

[11] D.E. Goll, V.F. Thompson, H. Li, W. Wei, J. Cong, Physiol.
Rev. 83 (2003) 731-801.

[12] J.LK. Newcomb-Fernandez, X. Zhao, B.R. Pike, K.K. Wang,
A. Kampfl, R. Beer, S.M. DeFord, R.L. Hayes, J. Cereb.
Blood Flow Metab. 21 (2001) 1281-1294.

[13] S.K. Ray, N.L. Banik, Curr. Drug Target CNS Neurol. Disord. 2
(2003) 173-189.

[14] R.A. Nixon, Ageing Res. Rev. 2 (2003) 407-418.

[15] P. Syntichaki, K. Xu, M. Driscoll, N. Tavernarakis, Nature 419
(2002) 939-944.

[16] K.K. Wang, R. Nath, K.J. Raser, I. Hajimohammadreza, Arch.
Biochem. Biophys. 331 (1996) 208-214.

[17] N. Mukerjee, K.M. McGinnis, Y.H. Park, M.E. Gnegy, K.K.
Wang, Arch. Biochem. Biophys. 379 (2000) 337-343.

[18] H. Ma, H.Q. Yang, E. Takano, M. Hatanaka, M. Maki, J. Biol.
Chem. 269 (1994) 24430-24436.

[19] A. Wendt, V.F. Thompson, D.E. Goll, Biol. Chem. 385 (2004)
465-472.

[20] S.B. Sokol, P.E. Kuwabara, Genes Dev. 14 (2000) 901-906.

[21] K. Graham-Siegenthaler, S. Gauthier, P.L. Davies, J.S. Elce, J.
Biol. Chem. 269 (1994) 30457-30460.



	Molecular cloning and characterization of rat and human calpain-5
	Materials and methods
	Results
	Cloning of full-length of rat calpain-5
	mRNA expression of calpain-5 in different rat tissues
	mRNA expression of calpain-5 in different rat brain regions
	mRNA expression of calpain-5 in different human tissues
	mRNA expression of calpain-5 in different human brain regions
	Western blot analysis

	Discussion
	References


