
CYCLOTIDE SCAFFOLD TO 
BLOCK TAU-MEDIATED 

TOXICITY

ABSTRACT
One of the hallmarks of Alzheimer’s Disease pathology
is tau tangles. During disease conditions, tau becomes
excessively hyperphosphorylated and localised to the
post-synapse. This aberrant localisation of tau leads to
an increased interaction between N-methyl-D-
aspartate receptors (NMDAR) and the protein PSD-95.
This, in turn, causes excessive activation of the NMDARs
and thereby neuronal hyperexcitation and eventually
cell death. Previous research has shown that a short
peptide (Tat-NR2B9c), can block this tau-mediated
toxicity. However, Tat-NR2B9c is not stable in human
plasma and therefore failed to show effects in clinical
trials. Head to tail cyclisation of peptides have shown
better biological stability compared to their linear
counterpart due to their lack of C- or N- terminus, thus
resistant to proteases. In this study, we incorporated
therapeutic sequence NR2B9c into cyclotide to improve
its stability. Our results showed that this novel cyclotide
give protection against excitotoxicity both in vitro and
in vivo.
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Cyclotides are cyclic peptides with 6 cysteines
forming 3 disulfide bonds. Cyclotides are
arranged into 6 different loops. Loop 1 consists
of positive charge that gives the cell-penetrating
property. Loop 6 is the most flexible which we
use to graft our targeted sequence.1

One of the pathological hallmarks of Alzheimer’s
Disease is tau tangles. In disease state, tau and
more so hyperphosphorylated tau, interacts with
Fyn and localises to postsynaptic density. This
leads to the interaction of scaffolding protein
PSD-95 with NMDA receptor (NMDAR) which
causes downstream excitotoxicity pathway.2 A
small peptide known as Tat-NR2B9c can rescue
the cell death. However, Tat-NR2B9c suffer from
stability issue.

BACKGROUND
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Using cyclotide scaffold to deliver NR2B9c
therapeutic sequence to block excitotoxicity.

AIM



METHODS

Therapeutic sequence of NR2B9c was
incorporated into the flexible loop (loop 6) of
cyclotide. Loop 1 of cyclotide scaffold was
changed to poly-arginine to aid cell membrane
penetration.

Two cyclotides variant were synthesised: active
cyclotide containing NR2B9c (c5R-NR2B9c) and
inactive variant, in which the active residue is
mutated to alanine (c5R-NR2Baa).
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RESULTS – in vitro cytotoxicity
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The in vitro therapeutic effects were studied in
primary neurons that were first pre-treated
with peptides/cyclotides and then subjected to
NMDA excitotoxicity (100 μM). An inactive
variant, in which the active residue is mutated
to alanine (c5R-NR2Baa), was used as a
control. Cell viability was determined with
propidium iodide uptake. Neurons treated with
Tat-NR2B9c and c5R-NR2B9c show reduced
cell death after exposure to NMDA.
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RESULTS – in vivo cytotoxicity

The in vivo therapeutic effects were studied in
a pilocarpine-induced excitotoxicity mouse
model. Mice were treated with cyclotide
intravenously 1 hour prior to pilocarpine
administration. The survival of the mice was
monitored for 2 hours after pilocarpine.
Treatment with both the original Tat-NR2B9c
peptide and c5R-NR2B9c increases survival
and decreases the seizure severity compared
to the inactive control cyclotide c5R-NR2Baa.
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• Cyclotides scaffold can penetrate neuronal
cell membranes and cross blood-brain
barrier.

• Incorporation of NR2B9c sequence into
cyclotide scaffold can block tau-mediated
toxicity in vitro and in vivo.

• Future studies will aim to determine the
stability and half-life of our cyclotide and
its potential therapeutic benefits in
Alzheimer mouse models.

REFERENCES

CONCLUSION & FUTURE DIRECTION

daryl.ariawan@mq.edu.au

c5R-NR2B9c

NR2B9cPoly-Arg

1. S. J. De Veer, et al., Chem. Rev., 2019, 119, 12375
2. L. M. Ittner, et al., Cell, 2010, 142, 387–397.


	Daryl Ariawan (presenter)1, Nicolle Morey1, Julia van der Hoven1, Ole Tietz1, Janet van Eersel1, Lars Ittner1�Dementia Research Centre, Macquarie University, Sydney, Australia
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6

