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Introduction

Under abnormal conditions, many proteins are unable to obtain or maintain their native fold and are driven to a misfolded
state. Misfolded proteins self-assemble either to amorphous or to organized aggregates known as amyloid fibrils. In
humans, amyloid fibrils can be accumulated on the surface of any organ or tissue and lead to conformational diseases
known as amyloidoses. Type-2 diabetes (T2D), recorded in 350 million people, is caused by the deposition of the amylin
peptide (IAPP) in pancreatic islets. This deposition reduce and complete eliminate the mass of B-pancreatic cells leading to

disturbances in insulin secretion

Aim of the study

The aim of this study is to design novel non-amyloidogenic IAPP analogues using the very promising phylogenetic approach
of ancestral gene reconstruction. In addition, the specific aim of this study is to establish an assay enabling us to monitor, in
a dynamic way, the aggregation process of amylin fibrils in the early stages of nucleation, since as oligomers are very toxic.

Experimental workflow

Rational design of non-amyloidogenic IAPP

analogues using ancestral gene reconstruction

In an attempt to determine the emergence of the amyloidogenic peptides
inside families and discover promising non-amyloidogenic peptides
among species, we constructed phylogenetic trees by enforcing
topologies known from literature. These were afterwards used for
ancestral sequence reconstruction, aiming to design soluble, monomer
peptides functioning as inhibitors of fibril formation. The concept is based
on recent remarks suggesting that ancestral genes generate soluble,
stable and functional variants of the target protein. In particular, we
constructed phylogenetic trees and we examined the amyloidogenic
propensity of both extant and ancestral peptides for the IAPP.

XP_D15207527.1 Spotted gar
ADAOPTUEGS Asian arowana

A o ADADESWYVES European eel
XP_012675928 .1 Atlantic herring

XP_017552392.1 Red-beilied piranha
_’_pr_onugsu 1 Channel catfish
XP_002661886.3 Zebrafish
_°_-[_—sepo42 Goldfish

ADADS0XX 14 Rainbow trout

3vg|vvlv v YG
T VYAPTHV AYG
TLGPLYAPTHV YG
TIGEVYAPTHEY YG

¥icXvy I pENvCESAYC

XP_010899058.1 Northem pike
1BJQ2 Rainbow smelt

XP_008314146.1 Tongue sole
XP_0039775786.2 Japanese puffer
13JUG1 Nile tilapia
G3Q5Q8 Three-spined stickieback
_19_015252999 1 Sheepshead minnow

XP_004082907 .1 Japanese rice fish

H3IAWW 1 West Indian Ocean coelacanth
VBNV30 King cobra
G1KTWT7 Carolina ancle

> =
<

XP_006035219.1 Chinese alligator
XP_019400015.1 Saltwater crocodile
XP_019371169.1 Ghanal
XP_007071268.1 Green sea turtle
XP_005296649 1 Westem painted turtie
K7FSHO Chinese softshell turtie
XP_013802855.1 North island brown kiwi
ADADSSZILE White-throated tinamou
ADAQS3HALE Common ostrich
ADADS1VFOS Hoatzin
ADAD91JH4E Little egret
ACGADS1EVHS American crow
XP_005527032.1 Ground it
HOZNSE Zebra finch
XP_D18775258.1 Atlantic canary
XP_005481897.1 White-throated sparmow

XP_012406122.1 Tasmanian devil
—LXP_OO7503603 1 Gray short-tailed opossum
F1SQZ9 Wild boar
- _._E;\P_OO5680853 1 Domestic goat

_ XP_004006850.1 Domestic sheep
N21 {XP_OIOSSAZ'.N 1 Plains bison

Q28207 Cattle
XP_014646845.1 Southern white rhinocercs
‘| EAP_O14687882 1 Donkey
XP_003365228.2 Horse

P17716 Domestic dog
XP_006728882.1 Weddell seal
M3YIN7 Fermret
310224 Giant panda

XP_008584348.1 Sunda fiying lemur

XP_020143178.1 Gray mouse lemur
HOWQL3 Northern greater galago

XP_012291114.1 Nancy Ma's night monkey
XP_00392660¢€.1 Black-capped squirrel monkey
P10997 Human

1QX X0 Northem white-cheeked gibbon

G7PKDS Crab-eating macaque

ADADSENFST Olive baboon

LSKD40 Chinese treeshrew

XP_015353784.1 Alpine marmot

13MUV1 Thirteen-lined ground squirrel!

XP_006976540.1 North American deermouse
‘_‘_L:)(P_CDBSOBZN 1 Chinese hamster
12968 House mouse
XP_013367107.1 Long-tailled chinchilla

EP::BBQ Common degu

Tree scale: 0.1 et P 12966 Guinea pig

yoocooooonoaonnc
>>>P>PP>>> >
<L L€ L Lt <

nonNnnononNnnonNnnNnNnnNnnNonNnoaonannnononNnnnnnnNnnonnonnNnnNnNnnNnnNnNonNnnNnnNnn nonnonnoaonnnnNnnonoonnNnn

(B) Human (Homo sapiens) licliia FLV FGAIL YG
N1 Teleostomi ancestor liC A FLI | GAVYSP YG

N16 Tetrapoda ancestor liC A FLV | GA | YSP YG

N21 Bovidae ancestor [BC A FLA LGA | FISP YG

N33 Salmoniformes ancestor (fish phylogeny) liC A FL |GEVYAP YG
N38 Primates ancestor liC A FLV FGAVLESP YG

Black-capped squirrel monkey (Saimiri boliviensis) JlIC BT A FL FGA | L YG
Common shrew (Sorex araneus) JC A FL |IGAIPP YG

Northern greater galago (Otolemur gamettii) JliC A FLV FrcaviliSre YG
Human-Saimin-Sorex fusion BC A FL FGAIPP YG
Human-Saimirn-Otolemur fusion C A FL FGA V-P YGC

Figure 2. Ancestral gene reconstruction

A) Bayesian phylogeny of IAPP using full-length propeptide sequences (145-aa position) aligned with Muscle
and calculated in Phylobayes with the JTT+[4 model. The IAPP peptide sequence of each taxon is shown
next to it. Black circles indicate posterior probabilities of at least 0.95. Scale bar represents the average
number of substitutions per site.

B) IAPP peptides that were selected for resurrection/synthesis and characterization compared to the human
IAPP. Those include five ancestral sequences predicted in FastML, representing key nodes in the animal
phylogeny, three extant sequences that were predicted to have low amyloidogenic propensity according to
Aggrescan, and synthetic sequences we created by fusing the human IAPP with extant sequences in order
to remove aggregation hotspots.

Results
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Figure 3. Construction of IAPP analogues genes fused with the eGFP gene.
pT7CFE1 vector enables high levels expression of proteins and is designed
for cell free transcription-translation. IAPP and eGFP genes have been linked
through a specially designed nucleotide sequence that encode the linker
GSAGSAAGSGEF.
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Figure 4. In vitro translation system based on Hela cell extracts. The benefis of in vitro
expression of proteins over traditional in vivo systems include expression of toxic or
insoluble proteins and faster protein synthesis. These extracts contain all cellular
components such as RNA polymerase, regulatory protein factors, transcription factors,
ribosomes and tRNA essential for protein synthesis. When supplemented with cofactors,
nucleotides and a template containing the target gene, these extracts will synthesize the
protein of interest in a few hours.
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High-throughput
screening for
potential

‘ amyloidogenic or
non-amyloidogenic

IAPP analogues

Dynamic monitoring of the kinetics at the early

stages of aggregation of IAPP analogues

An assay has been developed in our group to monitor in real time (using Real
Time PCR machine) the kinetics of formation of soluble aggregates of various
designed IAPP analogues. Upon transcription and translation the IAPP peptides
via the linker are fused with the eGFP protein allowing them to fold
independently. So there is a dynamic balance between IAPP fibrils formation
and natural folding of eGFP. With this experimental approach, if amyloidogenic
IAPP will form fibrils much faster than the folding of eGFP will not not allow the
correct folding of eGFP and lower fluorescence due to unproper folding can be
measured. If IAPP analogues that either do not form fibrils (non-amyloidogenic)
or form fibrils at rates much lower than the rate of folding of eGFP will allow
eGFP to fold correctly and emit fluorescence. Human IAPP (hlAPP) exhibiting
increased amyloidogenic potential will be used as positive control, while eGFP,
as not capable of forming fibrils, will be used as negative control.
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Figure 5. eGFP fluorescence-monitored kinetic curves of the aggregation process of the
IAPP analogues peptides during the early stages of nucleation in real time.

Figure 6. Western immunoblot analysis. Expressed GFP protein (1), hIAPP peptide
(2) and various IAPP analogues peptides (3-7) were detected by Anti-His antibody
(1:2000).

Preliminary data have shown that the aggregation kinetics of various IAPP analogues peptides strongly affect the folding kinetics of eGFP, which is measurable in a way similar to real time pcr. Although the expression
levels of the different IAPP analogues peptides are similar (Figure 6), differences in the fluorescence curves were observed. The percentage of fluorescence emitted by GFP (negative control) is the highest, while in the

hIAPP (positive control) is the lowest.

Next steps

The confirmation of the oligomers formation of our samples would be performed by using size-exclusion chromatography coupled to a fluorescence detector. The same procedure will be applied for similar studies upon

addition of natural products of low molecular weight, as well as the addition of existing medications that are administered to patients with T2D.

Conclusion

Therefore, a high-throughput screening for potential amyloidogenic or non-amyloidogenic analogues of IAPP is established looking exclusively at the early stages of nucleation. Novel IAPP analogues that may stop the
whole cascade at the nucleation phase, will shed light to the mechanism of amyloid formation and provide a basis for more efficient treatment of T2D. This innovative approach can create a prototype system potentially

applicable to all kind of amyloidoses.
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