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Type 2 diabetes mellitus (T2DM) is a fatal disorder
disease that is characterized by substantial B-cell mass
reduction in the context of insulin deficiency.!* Previous
researches have demonstrated that human islet amyloid
polypeptide (h-IAPP), an oligopeptide monomer with 37
amino acid residues, induces apoptotic cell-death in B-cells
and causes a development of T2DM.>® Previous studies
have also shown that fibrils, which are the final form of
aggregated h-IAPP, are not necessarily the most toxic form
of amyloid protein in general.”® Oligomers may induce B-
cell apoptosis.”'? Therefore, tremendous efforts have been
conducted to develop drugs which prevent h-IAPP from
forming oligomers. For instance, the use of oligomer-
specific antibodies has been investigated,'* as well as the use
of Cu(Il) ion, which prevents h-IAPP from forming the [-
sheet conformers, and cleavage agents with Co(Ill) cyclen
and Cu(Il) cyclen.'*16

Cleavage agent with Cu(Il) cyclen has been proposed as
novel catalytic drug. Candidates for catalytic drug are
mainly composed of two parts. One part is the catalytic
group that hydrolyzes the peptide bond of h-IAPP. This part
is composed of Cu(Il) cyclen complex, which allows for
secreted Cu(Il) ions to act as oligomer inhibitors. The other
part is the binding group that binds to h-IAPP through

Cu(ll) cleavage agent with BTA-derived binding group

Figure 1. Synthesized Cu(ll) cleavage agent with BTA-derived
binding group.

hydrophobic interactions. In regards to the hydrolysis reac-
tion by Cu(Il) cyclen complex, reaction time is critical and
closely connected with the binding group’s capacity since
the cleavage agent cleaves only the oligomer form and has
limited reaction time. Therefore, it is necessary to synthesize
the catalytic drug candidate with the other binding group.
Proposed binding group is I-Box-derived one. Benzothiazole-
anilines (BTAs) functional group has higher affinity for the
hydrophobic amyloid than I-Box(2-(4'-dimethylaminophen-
yl)-6-iodobenzoxazole) and BTAs also have a ability to
cross the blood-brain barrier (BBB) well.'”!® Figure 1 shows
the proposed structure of Cu(Il) cyclen cleavage agent with
BTA-derived binding group (Fig. 1).

New Cu(Il) cleavage agent with BTA-derived binding
group was synthesized and the efficiency of this noble agent
for h-IAPP cleavage was tested. Figure 2 shows that the
MALDI-TOF TOF MS spectrum of fragmentation pattern
when h-IAPP was incubated with new Cu(Il) cleavage agent
with BTA-derived binding group.

According to the previous literatures, residues 20-29 and
30-37 of h-IAPP (37mer) are considered as amyloidogenic
region.'*! Peaks shown in Figure 2 indicate the fragments
of h-IAPP. This spectrum demonstrates that highly amylo-
idogenic regions of h-IAPP can exist as dissolved form in
solution. This indicates that self aggregation of h-IAPP can
be inhibited by this noble agent. In our previous study, we
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Figure 2. MALDI-TOF mass spectrum of the product obtained by
incubation of h-IAPP (8 puM) with BTA-derivative cleavage agent
(1 uM) for 36 h at pH 7.50 (50 mM HEPES) in 37 °C. The peaks
with m/z of 1933, 2169, and 2543 correspond to h-IAPP;9.37, h-
IAPP](,_37, and h-IAPP14_37, respectively.
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synthesized Cu(Il) cyclen cleavage agent with I-Box-derived
binding group.

To compare the cleavage efficiency of two cleavage
agents, h-IAPP was incubated with each agents and cleavage
yield was quantified by using fluorescamine assay. The
resulting cleavage yield by BTA-derived binding group was
11.8 mol %, which was higher than that of the cleavage
agent with I-Box-derived binding group (8.3 mol %).%

Batch experiment was designed to verify whether this
agent can cleave the fibril form of h-IAPP. The h-IAPP was
incubated for 36 h before the addition of cleavage agents.
Then, cleavage agent with BTA-derived binding group was
added and the mixture was incubated for an additional 36 h.
There was no significant peak of h-IAPP fragments. In our
previous study, full aggregation of h-IAPP was observed
after 20 hours of incubation at the same condition (pH 7.5,
37 °C, 50 mM HEPES). Thus, no peak observation implies
that this noble cleavage cannot break down the fully aggre-
gated form of h-IAPP because monomer or oligomers of h-
IAPP cannot exist in 36 hours of incubation.

Peaks shown in Figure 2 except parent peak of h-IAPP
indicate fragments of h-IAPP containing hydrophobic region
that plays critical role in amyloid formation. These frag-
ments do not form amyloid fibril while parent compound h-
IAPP does. It is uncertain whether the cleavage agent is
active on monomenr or oligomers of h-IAPP. However, it is
clear in our study that new Cu(Il) cyclen agent has a cap-
ability to break down the h-IAPP monomer or oligomer
before it fully aggregates to form fibrils.

Therefore, Cu(Il) cyclen cleavage agent with BTA-derived
binding group must be considered as a candidate for
catalytic drugs.

Experimental

The cleavage agent moiety, without metal ion, was syn-
thesized as described previously.”® Complex with Cu(II), in
order to obtain the Cu(Il) cyclen aqua complex on the
catalyst, was carried out as described in the literature.>* The
structure of Cu(Il) aqua complex of 1,4,7,10-tetraazacyclo-
dodecane (Cu(Il) cyclen) was previously identified by
crystallographic methods.*

The synthesized cleavage agent moieties were dissolved in
methanol. Then 0.95 equiv. of CuCl, (in methanol) was add-
ed to the solution of the cleavage agent moiety to avoid
excess amount of Cu*" ion being present. If free Cu®" ion
exists, they may be directly combined with h-IAPP. After
solvent evaporation, the Cu(Il) cyclen cleavage agent stock
solution was obtained by dissolving in purified water. The
stock solution was incubated at 37 °C for 4 h before use
(Fig. 1).

h-IAPP was synthesized and purchased from Anaspec Inc.
Img of h-IAPP was dissolved in 1 mL of hexafluoroiso-
propanol (HFIP) and separated into 32 samples. The solution
was sonicated for 5 min, lyophilized, and stored frozen (70
°C). The lyophilized sample was re-dissolved in 1 mL
HEPES buffer (50 mM, pH 7.5, Sigma, USA) to make 8§ uM
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of h-IAPP solution. Incubation of the cleavage agent with h-
IAPP and subsequent identification of the cleaved fragments
was performed as described previously.®® Briefly, after the
cleavage agent was activated at 37 °C for 4 h, it was added to
8 uM h-IAPP solution and adjusted to final concentrations
of 1 uM for the cleavage agent and 8 uM for h-IAPP. Cleav-
age agent incubation was carried out at 37 °C for 36 h. After
incubation, the molecular mass of the peptides was measur-
ed using MALDI-TOF MS (Bruker Daltonics Autoflex II
MALDI-TOF/TOF mass spectrometer).

Cleavage yield was evaluated by fluorescamine assay.
After incubation, the mixture was filtered through a 10,000
Da MW-cutoff filter (Millipore Microcon centrifugal filter
device YM-10) at 13,000 x g for 30 min at room temperature
with a microcentrifuge (Hanil Model Micro 12). Filtration
process cuts off aggregated fibril weighing over 10,000 Da
and leaves only h-IAPP monomer, dimer, and cleaved frag-
ments. The 100 pL of filtrate was transferred to a 500 pL
microfuge tube. After addition of 10 uL of 13.5 M NaOH,
the sample was placed in an autoclave at 120 °C for 2 h in
order to hydrolyze amino acids. After cooling down to room
temperature, the mixture was neutralized with methane-
sulfonic acid (15.4 M, 7.5 uL), then boric acid solution (0.7
M, 48 pL) was added to adjust the pH to 9.0. After brief
vortexing and centrifugation, sample was loaded onto a 96
well plate (F96 Cert. Maxisorp, Nunc-Immuno Plate). Fluore-
scamine in acetonitrile (3.0 mg/mL, 10 puL) was also loaded
onto the 96 well plate and subsequently mixed. The relative
fluorescence of the samples was measured with alpha-imager
(Model 1220 INT). As a control, after the h-IAPP buffer
solution without cleavage agent was incubated, the same
molar cleavage agent (1 M) was added to the solution. The
mean fluorescence intensity of 3 experiments was used to
determine the peptide quantity.
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