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Introduction

¢ Human insulin, and analogues thereof:
> Essential for managing type 1 diabetes (T1D)
“ Major limitation of insulin therapy:
» Delayed onset and prolonged action leading to increased risk of
hyper- and hypoglycemia, respectively, because:
1 All insulin formulations (human and analogues) are hexameric
] Hexamer to dimer to monomer dissociation at the injection
site is slow
d Monomer formation is required for activation of the human
insulin receptor (hiR)
— Overall kinetics result in slow onset and offset (clearance)
of action

Hexamer!

% Novel insulins, Con-Ins G1 and G3,34 found in the venom of Conus
geographus (pictured), a fish-hunting cone snail: 2

» Rapidly lower blood glucose in fish prey
» Monomeric

» Potent agonists of the hIR A0
» Scaffolds for the development of ultra-fast acting insulins

Interface for

A-Chain B-Chain dimerisation of
l human insulin
1] l
Human GIVEQCCTSICSLYQOLENYCN FVNOHLCGSHLVEALYLVCGERGFFYTPKT

Con-Ins G1 GVVYHCCHRPCSNAEFKKYC* TFDTOKHRCGSYITNSYMDILCYR
Con-Ins G3 GIVYVCCDNPCTVATLRTFCH NSDTPKHRCGSELADQYVQLCH*
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No extended B-Chain,

y = Carboxyglutamic acid (Gla) O = Hydroxyproline (Hyp) no dimerisation

= Amidated C-terminus

Insulin Synthesis
**A-Chain Synthesis
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“+A-B Conjugation and Oxidation (One Pot Reaction)
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Purity: 96.0% Purity: 97.3%

Overall yield: 4.7%
684-fold yield improvement

Overall yield: 0.5%
83-fold yield improvement
compared to literature synthesis?

compared to literature synthesis*
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* A cryo-EM structure of Con-Ins G1 bound to the hIR was obtained
¢ The hIR has two binding sites: site-1 and site-2 as a dimer of
af-protomers (af),, thereby having four total binding sites
» Con-Ins G1 binds to only site-1, even under saturating
conditions. From the ensemble of the ligand-receptor complex
conformations, Con-Ins G1 binds in both a symmetric and
asymmetric fashion (multiple hybrid states) to site-1
» Human insulin, however, binds to all four binding sites in
symmetric fashion under saturating conditions
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Biochemical Evaluation of 15 & 16

¢ The cryo-EM data provides valuable insight into critical binding
interactions between Con-Ins G1 and the hiR
» Seventeen Con-Ins G1 analogues were designhed and synthesized
» The potencies of analogues were assessed in an IR pAKT assay

» Two analogues, 15 and 16, were identified with potencies
approaching human insulin
» 15 and 16 do not strongly activate the IGF-1R, a receptor

associated with mitogenicity
> 15 and 16 retain the monomeric character of Con-lns G1
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(a) Activity of human Insulin, Con-Ins G1, 15 and 16 in a pAKT signaling
assay at IR-B, (b) Activity of human Insulin, Con-Ins G1, 15and 16 in a
pAKT signaling assay at IGF-1R, (c) SV-AUC data for human Insulin, 15

and 16

Future Directions

*+ Additional biochemical and in vivo evaluation of 15 and 16:
> Activation of Akt versus ERK (biased signaling)
> Aggregation propensities (monomeric insulins have a higher
propensity to aggregate)
> Insulin tolerance test (blood glucose lowering capacity) ina T1D

model of:

1 Mice
3 Minipig (better model for subcutaneous injection)
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