Is There a Role for an IQ-Motif in Regulating the Activity of Calpain-2?
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CHARACTERIZATION OF IQ-MOTIF MUTANTS IN THE ABSENCE OF CALCIUM

Fig. 1A

SDS PAGE of IQ-MOTIF MUTANTS

Fig. 1B NON-DENATURING PAGE of IQ-MOTIF MUTANTS

Recombinant calpains were expressed in E. coli and purified by ion
exchange chromatography and affinity chromatography on
reactive red agarose and Ni-NTA agarose. SDS-PAGEof 4 g of
each protein, stained with coomassie blue, is shown below.

Electrophoresis was carried out at 4 ºC using two different nondenaturing buffer systems: alkaline Tris-glycine (LEFT panel);
neutral Tris-cacodylate (RIGHT panel). Both buffers contained
EDTA and reducing agents.

EXPERIMENTAL APPROACH to TEST THE
MODEL
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1) Casein hydrolysis

1) Assembly of heterodimers
2) Migration during nondenaturing electrophoresis
3) Stability at 30ºC and 45ºC
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STABILITY of IQ-MOTIF
MUTANTS
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IQ-motif mutants retain little
ability to hydrolyze casein.
Activity appears to be short
lived relative to WT.
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Each enzyme was preincubated at 30 ºC (green) or
45 ºC (blue) for 30 minutes
prior to assay of casein
hydrolysis. Data are shown
as % activity remaining
relative to a control that was
not preincubated.

TIME COURSES of casein hydrolysis: 20 ºC and 4 ºC

In the absence of Ca2+, calcium binding domains
(CBDs) bind to IQ- motifs.
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• R417 is within reach of acidic residues in EF-1 and
EF-2 of domain VI, possibly providing an important
interaction both in the absence and/or presence of
calcium.
• Q413 is at the end of a  strand also near the
interface of domains III and VI.

Q413S results in a loss of stability at 45 ºC.
Thanks to Chris Hosfield for creating and sharing Figure 5.
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DISCUSSION and CONCLUSIONS:
Figure 4

Active Site Residues:

•Mutations of Q413S and R417Q in the catalytic subunit of calpain-2 produce a novel enzyme
phenotype with apparent uncoupling of autolytic activity and caseinolytic activity.

AUTOPROTEOLYSIS ASSESSED BY SDS-PAGE
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Figure 4 Each calpain (0.15 mg/ml) was
7.5 10 12.5
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incubated at 25 C in the presence of 3.5 mM
calcium for the times shown (min). After heating in
the presence of SDS, samples were analyzed by
electrophoresis and stained with coomassie blue.
Densitometric analysis of the 80kDa band provided
quantification and comparison of the apparent rates
of autoproteolysis.
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•R417Q autoproteolyzes at a rate equivalent to,
or greater than (up to 4x), WT

21kDa

•Autolytic products produced by mutants are
not identical to those of WT
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•This suggests that the calcium dependent conformational change required for alignment of the
catalytic residues is intact in these mutant enzymes.
•The enzymes’ poor ability to cleave casein suggests that an additional conformational change is
required for binding exogenous substrates and that this is impaired by altering the IQ-motif.
• In the calcium free enzyme R417 is able to contact acidic residues within EF1 and/or EF2 of domain
VI, an environment that will change in the presence of calcium. We propose that it plays a
significant role in stabilizing the calcium bound conformation of the enzyme and contributes
to driving the calcium dependent conformational change required to bind the substrate
casein.
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•Q413S-R417Q and Q413S autoproteolyze
approximately 4 fold slower than WT
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• in contrast to most enzymes, the active site is not
pre-assembled.
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Ca2+-CBD:

NOTE: This model was proposed prior to knowledge of calpain’s
calcium free structure (Hosfield, Elce, Davies and Jia, EMBO J. 18,
6880 - 6889 1999; Strobl et al PNAS 97, 588-592, 2000). The structure
reveals that activation via removal of a steric block from a preassembled active site does not occur for calpain but, in fact, requires
alignment or assembly of the catalytic residues. The calcium free
structure thus provides a format for speculation as to the mechanism
of calpain activation and for interpretation of our results.

The structure shows that:
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1-5-10 Motif:
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Each enzyme is stable at 30 ºC.
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Ca2+-CBD binds a 1-5-10 motif and
calpain’s active site is now functional.
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IQ Motif:

The crystal structure shown was determined by
Hosfield, C., Elce, J.S., Davies P. and Jia, Z. Queen’s
University, Kingston, Ontario (EMBO J. 8, 6880
1999)
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Ca2+ binding destabilizes IQ-CBD and favors a transition.
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Figure 5 CRYSTAL STRUCTURE OF
CALPAIN-2 IN THE ABSENCE OF CALCIUM
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HYDROLYSIS OF 14C-CASEIN
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At both neutral and alkaline pH R417Q migration
is indistinguishable from WT enzyme but a
fraction ( 30%) of the enzymes containing the
mutation Q413S appear to form complexes.
Interestingly, it is well known that calpains tend
to form high molecular weight aggregates in the
presence of calcium.
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CHARACTERIZATION OF IQ-MOTIF MUTANTS IN THE PRESENCE OF CALCIUM
Figure 3
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Heterodimers are assembled and are stable during
purification.

THE ORIGINAL MODEL : a working hypothesis
Depicted below is a model for the calcium dependent activation of calpain
based on analogy to the well studied calcium binding protein calmodulin (CaM)
and its interactions with numerous targets. Characterization of the
interactions between apo-CaM or Ca2+- CaM with target proteins reveals
several types of CaM binding motifs such as IQ-motifs (IQxxxR, first identified
as calcium independent binding sites for CaM) and basic amphipathic helices
(referred to as 1-8-14 and 1-5-10 motifs where the numbered positions indicate
key hydrophobic residues). [See FASEB J. 11, 331-340 for a review of CaM
binding]. Examination of the amino acid sequences of calpain suggested two
potential IQ-motifs and two potential 1-5-10/1-8-14 motifs within the catalytic
subunit. We propose that these may be sites for binding the intrinsic ‘CaMlike’ domains within calpain.
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The activity of each of the classic calpain isoforms, calpain-1 (mu-calpain)
and calpain-2 (m-calpain), is strictly dependent on calcium binding.
Enzyme sequences predict the presence of at least 4 EF-hands to mediate
calcium binding. Each of the many other important mechansims known to
regulate calpain, such as autoproteolysis, inhibition by calpastatin and
interactions with putative activators, is dependent upon the calcium
induced conformational change within calpain. Thus the underlying, and
fundamentally important, question is HOW DOES CALCIUM BINDING
ALTER CALPAIN STRUCTURE? This question remains unanswered and is
the focus of our current work. While the ultimate answer will require solving
the structure of calcium bound calpain, a biochemical approach can provide
insight into the process.
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THE QUESTION :

RQ WT

Site directed mutagenesis was carried out on the two putative
IQ-motifs of calpain-2 (rat). The double mutants Q554M-R558N
and Q413S-R417Q and single mutants Q413S and R417Q were
expressed in E. coli in the presence of calpain small subunit.
The enzymes were purified and then characterized in the
ABSENCE or PRESENCE of calcium.

Figure 5

The mutant enzymes are catalytically
competent.
Why is casein hydrolysis so poor?

REVISING THE MODEL: The crystal structure shows that neither IQ-motif is critical for stabilizing
the calcium free form of the enzyme, however the IQ413-R417 is located at the interface of domains III
and VI. Precedence exists for calcium dependent interactions between CaM and IQ-motifs. The data
obtained with mutations in the IQ413 motif in calpain 2 are consistent with the possibility that a
calcium dependent interaction between domain VI (or IV) with the IQ motif may be important for
achieving a fully active enzyme that is stable in the presence of calcium and competent for binding
and cleavage of exogenous substrates. Our results do not distinguish between the activation
mechanisms proposed by Hosfield et al. or Strobl et al. as to which is critical for alignment of the
catalytic residues.

