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Abstract
Insulin-degrading enzyme (IDE) is a ubiquitously expressed metalloproteinase responsible for the
intracellular degradation of insulin. IDE also interacts with other members of the insulin
superfamily, including relaxin, but no studies have been reported regarding the interaction of other
relaxin-like peptides with IDE. In this study, we determined that relaxin, relaxin-3 and InsL3 all
competitively inhibited the degradation of insulin by IDE to different degrees, and all inhibited
covalent cross-linking of insulin to IDE. Each of the peptides was degraded by IDE to various
degrees (insulin>relaxin>InsL3=relaxin-3). In summary, relaxin, InsL3 and relaxin-3 all bound to
IDE, competed with the binding and degradation of insulin, and were all substrates for the
proteolytic activity of IDE. Therefore, it is possible that in addition to insulin, IDE may be
important for the cellular proteolysis of relaxin, InsL3 and relaxin-3.
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Introduction
The protease responsible for the intracellular degradation of insulin is insulin-degrading
enzyme (IDE), also known as insulysin [1]. IDE is classified as a zinc endopeptidase (E.C.
3.4.24.56), and is a member of the M16 family of zinc metallopeptidases, which feature an
inversion (H-X-X-E-H) of the traditional amino acid sequence at the zinc binding site [2]. In
addition to insulin, IDE binds or degrades other members of the insulin family, including
insulin-like growth factors I and II, relaxin, and bombyxin II [3,4]. However, IDE also
degrades non insulin-like peptides such as atrial natriuretic peptide, adrenal corticotropic
hormone, transforming growth factor alpha, β-endorphin, and glucagon [1]. There was no
apparent consensus amino acid sequence for substrate recognition among these peptides,
leading to speculation that specificity for IDE was determined by the structure of the
substrate [5]. It was later learned that most of these substrates have the capability to form
amyloid aggregates under certain conditions, and with the identification of Alzheimer’s beta
amyloid peptide and islet amyloid polypeptide (amylin) as IDE substrates [6,7], it is likely
that IDE targets potentially amyloidogenic peptides.

Relaxin has considerable structural similarity to insulin, and can also form amyloid under
certain conditions [8]. It has long been known that relaxin can bind to IDE, and can
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competitively inhibit the binding and degradation of insulin by IDE [3]. However, it was
less clear whether relaxin is actually degraded by IDE. One report examined a relaxin-
degrading enzyme that shared some, but not all, characteristics with IDE [9]. Therefore, the
first goal of this study was to determine whether or not relaxin can be degraded by IDE.
Because of the recent interest in additional relaxin family members, the second goal was to
determine whether InsL3 (relaxin-like factor) and relaxin-3 are bound or degraded by IDE.

Materials and Methods
Porcine relaxin was kindly provided by Dr. O.D. Sherwood. Human relaxin-3 and InsL3
were purchased from Phoenix Pharmaceuticals. Monoiodinated 125I-insulin was obtained
from GE Biosciences. The homobifunctional amine-reactive covalent cross-linking reagent
BS3 was from Pierce.

For studies of competitive inhibition of insulin degradation, IDE was purified from rat liver
by a series of chromatographic steps as described previously [6]. IDE and 125I-insulin were
incubated in the presence of unlabeled insulin, relaxin, relaxin-3 or InsL3 (1pM-1uM), and
the degradation of 125I-insulin was determined by the production of trichloroacetic acid-
soluble products. Curve-fitting and IC50 calculations were performed using GraphPad Prism
5. For covalent cross-linking, IDE and 125I-insulin were incubated on ice in the absence and
presence of excess (1uM) insulin, relaxin, relaxin-3 or InsL3 for 40 minutes, and then
exposed to BS3 for 30 minutes. Samples were separated on SDS-PAGE, and radiolabeled
bands were detected using a Storm phosphorimager (Molecular Dynamics). To determine
degradation of native peptides, recombinant IDE was prepared using 293T cells transfected
with a plasmid encoding human IDE fused to polyhistidine and FLAG tags at the N-
terminus, and purified using cobalt affinity chromatography. Each peptide (2ug) was
incubated alone or with IDE, in the absence or presence of the IDE inhibitor 1,10-
phenanthroline (1mM). Samples were subject to 16% Tris/tricine gels and stained with
Coomassie blue. The peptide bands were detected using near-infrared fluorescence on an
Odyssey imager.

Results
The interaction of relaxin family peptides with IDE was examined by competitive inhibition
of 125I-insulin degradation. Consistent with previous results [3], unlabeled insulin
reduced 125I-insulin degradation with an IC50 of 36.3nM, while relaxin was less potent at
182.0nM. Interestingly, both relaxin-3 and InsL3 inhibited insulin degradation with
potencies approaching that of insulin (53.7nM and 44.4nM, respectively). To determine if
the relaxin family peptides were interacting with IDE at the same site as insulin, covalent
cross-linking of 125I-insulin to IDE was examined in the presence of excess concentrations
of unlabeled insulin, relaxin, relaxin-3 or InsL3. In the absence of unlabeled competitor, a
radiolabeled band migrating at approximately 110kDa was readily detectable, consistent
with IDE cross-linked to 125I-insulin. No radiolabeled bands were detected without the
cross-linking reagent, or by cross-linking of 125I-insulin without IDE. In the presence of
excess unlabeled insulin, the band at 110kDa was undetectable. Similarly, cross-linking of
insulin to IDE was completely blocked in the presence of relaxin, relaxin-3 or InsL3.

To determine if relaxin family peptides are substrates for the proteolytic activity of IDE,
each peptide was exposed to IDE or buffer alone, and the disappearance of intact peptide
was monitored using SDS-PAGE chromatography and staining. As shown previously [10],
insulin was readily degraded by IDE, and this degradation was blocked in the presence of
the zinc chelating agent 1,10-phenanthroline. Relaxin was also readily degraded, and this
degradation was blocked with 1,10-phenanthroline. Both relaxin-3 and InsL3 were also
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degraded, but to a much lesser extent than either insulin or relaxin. However, in both cases
the degradation was blocked using 1,10-phenanthroline.

Discussion
Several members of the insulin family of hormones are substrates for IDE. For many years,
it was known that relaxin would bind to IDE [3], but it was unknown whether relaxin could
be degraded by IDE. One report described a “neutral thiol proteinase” (NTP) that degraded
monotyrosyl porcine relaxin [9]. While this enzyme shared many characteristics with IDE,
there were some inconsistencies that prevented absolute identification of this enzyme as
IDE. In this study, we have verified that relaxin interacts with IDE, and inhibits the
degradation and binding of insulin by IDE. Relaxin was less potent than insulin in inhibiting
IDE, consistent with the lower affinity of relaxin reported for NTP [9]. We have
demonstrated that IDE actively degrades relaxin. Taken together, these data suggest that
NTP was most likely IDE.

The more recent identification of the relaxin-like peptides has provided additional potential
IDE substrates for investigation. In this study, we provide evidence that relaxin-3 and InsL3
potently inhibit the degradation of insulin by IDE, and inhibit cross-linking of insulin to
IDE. This suggests that insulin, relaxin, relaxin-3 and InsL3 all bind to the same site on IDE.
In addition, both relaxin-3 and InsL3 were degraded by IDE, although to a much lesser
extent than either relaxin or insulin. Therefore, the data suggest that relaxin binds IDE with
relatively low affinity, but is degraded at a rapid rate. Conversely, InsL3 and relaxin-3 bind
IDE with high affinity, but are slowly degraded.

The physiological relevance of IDE degradation of relaxin and related peptides remains to
be determined. To date, in studies using rats with impaired IDE activity or in IDE-null mice,
only insulin and Alzheimer’s beta amyloid peptide have been shown to be physiological IDE
substrates [11–13]. IDE is ubiquitously expressed, and therefore is present in tissues that
produce relaxin family peptides or express the relaxin family receptors, such as testes,
uterus, brain, and kidney [14,15]. The subcellular localization of IDE is predominantly in the
cytosol, but it is also found in peroxisomes, mitochondria, and endosomes [1]. IDE has also
been identified as a secreted protein in some cells [16,17], as well as associated with the
extracellular surface of the plasma membrane [18–20]. Interestingly, relaxin-degrading
activity was detected in membrane preparations of rat uterine tissue, and this degradation
was blocked by protease inhibitor mix containing iodoacetamide, which is a potent inhibitor
of IDE activity [21]. Further study is needed to identify a physiological role of IDE in
relaxin, InsL3 and relaxin-3 degradation
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