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Figure S1. Normalized ThT fluorescence intensity versus time for 3-6 replicates at each concentration with a fitting used a
model including primary nucleation, multi-step secondary nucleation and elongation (left) and with the additional
inhibition term (right).
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Figure S1 (continuation). Normalized ThT fluorescence intensity versus time for 3-6 replicates at each concentration with a
fitting used a model including primary nucleation, multi-step secondary nucleation and elongation (left) and with the
additional inhibition term (right).
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Figure S2. Scaling exponent calculations for the ThT kinetic experiments at pH 7.4: wt (A), mono (B), di with the whole set of
experiments, 2.5-150 uM (C), di experiments within 2.5-30 uM concentration, tetra (E), penta (F).
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Figure S3. Scaling exponent calculations for the ThT kinetic experiments at pH 5.3: wt (A), mono (B), di (C), tetra (D), penta (E).



== 1uM wt

—— 30uM wt == 1uM wt

104 — . — 1uM monoF 104 = 30uM wt pH5.3
> 30uM monoF = == 1uM monoF
2 — . — {uM diF 2 30uM monoF pH5.3
Los- ——— 30uM diF _g 0,8 == 1uM tetraF
E — = 1uM tetraF 8 ~—30uM tetraF pH5.3
e ~ 30uM tetraF S 054 == 1uM pentaF
§ 0,6 - — .= 1uM pentaF o 30uM pentaF pH5.3
(] = 30uM pentaF g
§ 0,4 2 04+

el

E 0,2 1 g 0,21
S 2

0,01 0,04

360

370

T T T T T T
380 390 400 410 420 360 370

wavelength (nm)

T T
380 390 400
wavelength (nm)

410 420

Figure S4. Pyrene fluorescence experiment. Extreme points of titration with the peptides (1 and 30 pM): left - for pH 7.4
(phosphate buffer), 1 and 30 uM, and right - pH 5.3 (acetate buffer), 30 uM, with the spectra of pH 7.4, 1 uM included.
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Figure S5. Native mass spectrometry analysis of the IAPP wild type (A,B) and the penta variant (C,D) in 200 mM ammonium
acetate solution pH 7 (A,C) or acidified to pH 5 with acetic acid (B,D). Only the oligomeric region of the spectra are shown
here.
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Figure S6. Circular dichroism spectra of hIAPP variants in acetate buffer (pH 5.3): (A) samples at a concentration of 30 uM
incubated at room temperature for one week; (B) variants at 150 pM, along with an additional spectrum at 100 uM
concentration, measured immediately after preparation. (C) Conformational transition monitoring of the di variant at 150

UM in acetate buffer (pH 5.3); the legend indicates the incubation time (h) for each spectrum.
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Figure S7. Circular dichroism spectra of hIAPP variants at a concentration of 150 uM in phosphate buffer (pH 7.4) during
incubation at 37 °C: wt (A), mono (B), di (C), tetra (D), penta (E). The legend in each panel indicates the incubation time (min)

for the corresponding spectrum.
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Figure S8. System compactness of multi-peptide assemblies from molecular-dynamics simulations.

(A) Violin plots of the radius of gyration (Rg) distributions for wild-type WT, tetrafluorinated (PTF), and pentafluorinated
(PPF) assemblies under both neutral (Standard) and protonated histidine states (HSP). (B) Time evolution of Rg over the
first 10 ns highlights differences in the rate and stability of chain compaction.
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Figure S9. Timescale of oligomer compaction from molecular-dynamics simulations.

Time required for the 10-peptide systems to first reach a compact state, defined as Rg < 25 A. Under neutral conditions,
tetra-fluorinated Phe23 compacts the fastest (17.8 ns), followed by penta-fluorinated Phe23 (25.7 ns), while wild type
compacts more slowly (41.3 ns). Protonation of histidines (HSP) delays compaction across all systems, most dramatically in
wild type (119.3 ns). Both fluorinated variants still compact faster than WT under acidic conditions, though the delay is
significant (54.2 ns for tetra-fluorinated and 80.5 ns for penta-fluorinated Phe23).
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Figure S10. Solvent accessibility of Phe23 side chains from molecular-dynamics simulations.

Distribution of solvent-accessible surface area (SASA) of residue 23 across WT, tetra-fluorinated, and penta-fluorinated
assemblies under neutral and protonated (HSP) conditions. Fluorination increases solvent exposure of Phe23, particularly
for the penta-fluorinated variant, while protonation increases the variance of the distributions.
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Figure S11. Hydration of Phe23 side chains from molecular-dynamics simulations.

(A) First shell (<3.5 A): mean number of waters within 3.5 A& of the Phe23 ring centroid.
(B) Total shell (<5.0 A): mean number of waters within 5.0 A.
(C) Time evolution (<5.0 A): per-frame average number of waters over the first 1000 frames (~ 1 ps) at stride = 1.
(D) By fluorination: comparison of hydration for no fluorination (WT, Phe23), tetra-fluorination (PTF), and penta-
fluorination (PPF) at Phe23. Bars show the mean of the per-system trajectory means; error bars are +1 SD across systems in

the group.
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Sequence: KCNTATC7QRLANFLVHSSNNFGAISSTNVGSNTY -CONH:

Resin Cycles

Name Resin 0.05-No Resin Swelling (HS)
Scale 0.05 mmol Final Deprotection  0.05-Final Deprotection (HS)
Loading 0.19 mmol/g

Type High-Swelling

Preloaded No

C-Terminus Amide

Mass Required 0.263 g

Amino Acid Specific Derivative Cycle

Lys - K Fmoc-Lys(Boc)-OH 0.05-Double Coupling (HS)

Cys-C Fmoc-Cys(Trt)-OH 0.05-Double Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Double Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Double Coupling (HS)

Ala-A Fmoc-Ala-OH 0.05-Double Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Double Coupling (HS)

Cys-C Fmoc-Cys(Trt)-OH 0.05-Double Coupling (HS)

EX7 -7 External Amino Acid 7 0.05-Double 4min 90C Coupling (HS)
Gin-Q Fmoc-Gin(Trt)-OH 0.05-Single 4min 90C Coupling (HS)
Arg - R Fmoc-Arg(Pbf)-OH 0.05-Double Coupling (HS)

Leu - L Fmoc-Leu-OH 0.05-Single 4min 90C Coupling (HS)
Ala-A Fmoc-Ala-OH 0.05-Single 4min 90C Coupling (HS)
Asn - N Fmoc-Asn(Trt)-OH 0.05-Single 4min 90C Coupling (HS)
Phe - F Fmoc-Phe-OH 0.05-Single 4min 90C Coupling (HS)
Leu-L Fmoc-Leu-OH 0.05-Single 4min 90C Coupling (HS)
Val -V Fmoc-Val-OH 0.05-Single 4min 90C Coupling (HS)
His - H Fmoc-His(Trt)-OH 0.05-Single 50°C 10 min Coupling (HS)
Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Asn-N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Phe - F Fmoc-Phe-OH 0.05-Single Coupling (HS)

Gly-G Fmoc-Gly-OH 0.05-Single Coupling (HS)

Ala-A Fmoc-Ala-OH 0.05-Single Coupling (HS)

lle - | Fmoc-lle-OH 0.05-Single Coupling (HS)

EX5-5 External Amino Acid 5 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Val -V Fmoc-Val-OH 0.05-Single Coupling (HS)

Gly - G Fmoc-Gly-OH 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Single Coupling (HS)

Tyr-Y Fmoc-Tyr(tBu)-OH 0.05-double deprotection, single coupling 4min

Figure S12. Protocol used for the synthesis of wt hIAPP.

90C Coupling (HS)
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0.05-No Resin Swelling (HS)

Step Operation Parameters Pause
1 Swell Resin Main solvent volume: 10 False
Time: 10

0.05-Final Deprotection (HS)
Step  Operation Parameters Pause

1 Deprotection ID: Standard Deprotection False
Deprotection volume: 3

2 Wash Main solvent volume: 4 False
Time: 5.0
Drain type: Default

3 Wash Main solvent volume: 4 False
Time: 5.0
Drain type: Default

4 Wash Main solvent volume: 4 False
Time: 5.0
Drain type: Default

5 Wash Main solvent volume: 4 False
Time: 5.0
Drain type: Default

0.05-Double Coupling (HS)
Step Operation Parameters Pause

1 Deprotection ID: Standard Deprotection False
Deprotection volume: 3

2 Wash Main solvent volume: 4 False
Time: 5
Drain type: Default

3 Wash Main solvent volume: 4 False
Time: 5
Drain type: Default

4 Wash Main solvent volume: 4 False
Time: 5
Drain type: Default
5 Wash Main solvent volume: 4 False
Time: 5
Drain type: Default
6 Coupling ID: Standard Coupling False
Bottle position: (from method)
Bottle position volume: 1.25
Activator bottle position: PositionACT
Activator volume: 1
Activator base bottle position: PositionACTB
Activator base volume: 0.5
Delay reagent time: 0
Delay reagent bottle position: PositionACTB
Delay reagent volume: 0
Main solvent volume: 2
Valuei: 1

7 Coupling ID: Standard Coupling False
Bottle position: (from method)
Bottle position volume: 1.25
Activator bottle position: PositionACT
Activator volume: 1
Activator base bottle position: PositionACTB
Activator base volume: 0.5
Delay reagent time: 0
Delay reagent bottle position: PositionACTB
Delay reagent volume: 0
Main solvent volume: 2
Valuet: 1

8 Wash Main solvent volume: 4 False
Time: 5.0
Drain type: Default

Figure S13. Standard cycles used for all syntheses. “Single coupling” cycles include one fewer coupling step than “double
coupling” cycles.
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Sequence: KCNTATC7QRLANFLVHSSNN2GAISSTNVGSNTY -CONH:

Resin Cycles

Name Resin 0.05-No Resin Swelling (HS)
Scale 0.05 mmol Final Deprotection  0.05-Final Deprotection (HS)
Loading 0.19 mmol/g

Type High-Swelling

Preloaded No

C-Terminus Amide

Mass Required 0.263 g

Amino Acid Specific Derivative Cycle

Lys - K Fmoc-Lys(Boc)-CH 0.05-Double Coupling (HS)

Cys-C Fmoc-Cys(Trt)-OH 0.05-Double Goupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Double Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Double Coupling (HS)

Ala-A Fmoc-Ala-OH 0.05-Double Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Double Coupling (HS)

Cys-C Fmoc-Cys(Trt)-OH 0.05-Double Coupling (HS)

EX7-7 External Amino Acid 7 0.05-Double 4min 90C Coupling (HS)

Gin-Q Fmoc-Gin(Trt)-OH 0.05-Single 4min 90C Coupling (HS)

Arg - R Fmoc-Arg(Pbf)-OH 0.05-Double Coupling (HS)

Leu-L Fmoc-Leu-OH 0.05-Single 4min 90C Coupling (HS)

Ala- A Fmoc-Ala-OH 0.05-Single 4min 90C Coupling (HS)

Asn -N Fmoc-Asn(Trt)-OH 0.05-Single 4min 90C Coupling (HS)

Phe - F Fmoc-Phe-OH 0.05-Single 4min 90C Coupling (HS)

Leu-L Fmoc-Leu-OH 0.05-Single 4min 90C Coupling (HS)

Val -V Fmoc-Val-OH 0.05-Single 4min 90C Coupling (HS)

His-H Fmoc-His(Trt)-OH 0.05-Single 50°C 10 min Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Asn-N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

EX2-2 External Amino Acid 2 0.05-Single 10min 90C Coupling -xtra Washes
(HS)

Gly-G Fmoc-Gly-OH 0.05-Single Coupling (HS)

Ala- A Fmoc-Ala-OH 0.05-Single Coupling (HS)

lle - | Fmoc-lle-OH 0.05-Single Coupling (HS)

EX5-5 External Amino Acid 5 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Val -V Fmoc-Val-CH 0.05-Single Coupling (HS)

Gly-G Fmoc-Gly-OH 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Single Coupling (HS)

Tyr-Y Fmoc-Tyr(tBu)-OH 0.05-double deprotection, single coupling 4min

90C Coupling (HS)

Figure S14. Protocol used for the mono and di hIAPP analogues syntheses.
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Sequence: KCNTATC7QRLANFLVHSSNN2GAISSTNVGSNTY -CONH:

Resin Cycles

Name Resin 0.05-No Resin Swelling (HS)
Scale 0.05 mmol Final Deprotection  0.05-Final Deprotection (HS)
Loading 0.19 mmol/g

Type High-Swelling

Preloaded No

C-Terminus Amide

Mass Required 0.263 g

Amino Acid Specific Derivative Cycle

Lys - K Fmoc-Lys(Boc)-OH 0.05-Double Coupling (HS)

Cys-C Fmoc-Cys(Trt)-OH 0.05-Double Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Double Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Double Coupling (HS)

Ala-A Fmoc-Ala-OH 0.05-Double Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Double Coupling (HS)

Cys-C Fmoc-Cys(Trt)-OH 0.05-Double Coupling (HS)

EX7-7 External Amino Acid 7 0.05-Double 4min 90C Coupling (HS)
Gin-Q Fmoc-Gin(Trt)-OH 0.05-Single 4min 90C Coupling (HS)
Arg - R Fmoc-Arg(Pbf)-OH 0.05-Double Coupling (HS)

Leu-L Fmoc-Leu-OH 0.05-Single 4min 90C Coupling (HS)
Ala-A Fmoc-Ala-OH 0.05-Single 4min 90C Coupling (HS)
Asn-N Fmoc-Asn(Trt)-OH 0.05-Single 4min 90C Coupling (HS)
Phe - F Fmoc-Phe-OH 0.05-Single 4min 90C Coupling (HS)
Leu-L Fmoc-Leu-OH 0.05-Single 4min 90C Coupling (HS)
Val -V Fmoc-Val-OH 0.05-Single 4min 90C Coupling (HS)
His-H Fmoc-His(Trt)-OH 0.05-Single 50°C 10 min Coupling (HS)
Ser-S Fmoc-Ser(tBu)-OH 0.05-Single 4min 90C Coupling (HS)
Ser-S Fmoc-Ser(tBu)-OH 0.05-Single 4min 90C Coupling (HS)
Asn -N Fmoc-Asn(Trt)-OH 0.05-Single 4min 90C Coupling (HS)
Asn - N Fmoc-Asn(Trt)-CH 0.05-Double 4min 90C Coupling (HS)
EX2-2 External Amino Acid 2 ?HOSS)-SingIe 10min 90C Coupling -xtra Washes
Gly-G Fmoc-Gly-OH 0.05-Single Coupling (HS)

Ala-A Fmoc-Ala-OH 0.05-Single Coupling (HS)

lle -1 Fmoc-lle-OH 0.05-Single Coupling (HS)

EX5-5 External Amino Acid 5 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Val -V Fmoc-Val-OH 0.05-Single Coupling (HS)

Gly-G Fmoc-Gly-OH 0.05-Single Coupling (HS)

Ser-S Fmoc-Ser(tBu)-OH 0.05-Single Coupling (HS)

Asn - N Fmoc-Asn(Trt)-OH 0.05-Single Coupling (HS)

Thr-T Fmoc-Thr(tBu)-OH 0.05-Single Coupling (HS)

Tyr-Y Fmoc-Tyr(tBu)-OH 0.05-double deprotection, single coupling 4min

90C Coupling (HS)

Figure S15. Protocol used for the tetra and penta hIAPP analogues syntheses.
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10 20 30
hIAPP sequence: H,N—KCNTATCATQ RLANFLVHSS NNFGAILSST NVGSNTY—C—NH,

Phe23 variant:

2000 ~ 12,26

1500
=)
<
é 1000
=
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Retention time (min)

C:\Users\ApTen.. -pure-powder.d\ Injection 1 ESI (+) MS profile M5 + spectrum 0.28

ss00000] 1302.656 monoisotopic mass
100.00% . 5

calculationfor peptide:
Hoee) 1302.322 72025999 N-terminalgroup : free amine
sn00000] 84-20%— C-terminal group : amide
26000004 Expected
2200000] 1303.323 Molecular mass:
54.15% 3902.8791
=
srouna] 3944% Electrosprayseries (positive

56.014 1303.656
200G Lo 29.47% mode) H
1000000 977.744 |

076.74921.49% charge m/z
saoonoy : = 1303.990 1953.477
600000, 15.76% ??gi;s 14.54% 13.86% +1 3903.8869
Y (1] I

woonno] 179,087 72;-5; 7,496 1563.571 |1964.962 +2  1952.4474
20000, | 4-49% — 2.78% 3.55% 4.28% 2604.666

T b | 27 -2 o7 +3  1301.9675
+4 976.7276

R e P P S S P T PR +5  781.5836
m/z (Da)

Figure S16. Analytical HPLC chromatogram and MS spectrum of wt hIAPP.



hIAPP sequence:

Phe23 variant:

10 20
H,N—KCNTATCATQ RLANFLVHSS
F

@

30
NNFGAILSST NVGSNTY—C—NH,

2000 - 12,75
1500 -
—
2
<
E
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Q
=
[}
2
£
500 -
|
. | .
0- B I — e -
T T T T N T T T T T T T T T
0o 2 4 8 10 12 14 16 18 20 22 2
Retention time (min)
- lr-\uams\nmm prep-fract2.d\ Injection 1 ESI (+) MS profile MS + spectrum 0.13
1308.658 monoisotopic mass
100.00% . .
s000000] calculation for peptide:
1308.991 N-terminal group : free amine
soou00a] 1308.329 g4 3505, ; i
81.65%— C-terminal group : amide
00000]
Expected
S0n000%y 1309.323
5,770 Molecular mass:
981.745 [ 22 1962.480
20160t 51.27% 3922
081.405 1962.720 : it
o] by 41.90% Electrosprayseries (positive
—| 1307.98§ " ]1963.467 .
785.500 | I339%| 13096 963 207 33.23% mode):
2000000} 785599 | 20.53% 27.14) charge m/z
2000000 654.93 982.494 1963571 +1 3923
014 14.82% |15.13% | 13.81% +2 1962
- 1315.314 RSO v 2616.647
0000058 42045 545:‘-34% 5.64% 13701?.'52 2;5;.526 o350, 2803.974 +3 1308
N s - 1.52%
o | N L . T +4 982
+5 785

Figure S17. Analytical HPLC chromatogram and MS spectrum of mono hIAPP variant.
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10 20 30
hIAPP sequence: H,N—KCNTATCATQ RLANFLVHSS NNFGAILSST NVGSNTY—C—NH,

F F
Phe23 variant:

2000

12,51
1500 -
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500 - |
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18 20 22 2

0+ !‘_‘ll I\

1|0 1|2 1I4 16
Retention time (min)

Ci\Users\ipTém .. 06\2F-hIAPP.d\ Injection 1 ESI (+) MS profile M5 + spectrum 0.19

1314.636 monoisotopic mass
900006 100.00% . i
calculation for peptide:
1314.971 - i . 1
1314.304 oo N term!nalgroup .freg amine
81.70%— C-terminal group : amide
Expected
986.231 1315.304 Molecularmass:
sooa, 51.61% | 53.08% 3941
. Electrosprayseries (positive
1313.964
o mode):
300000 780.186 35.05% 315,639
o710 28.54% charge m/z
t6.012 . *— 1971.455 +
S et o080 | 21.19% 1 3942
) - 970.95
ii?ﬁﬁ 1%324:;5 12.79%  11.79% 127525;:}/40 *2 1972
woo0s{ (42,035 ° R | N — 9.69%
3700 03855 4.97% 127:;/53 1991.933 2627.600 +3 1315
| e N A 0.57% 0.58% +4 986
+5 789

Figure S18. Analytical HPLC chromatogram and MS spectrum of di hIAPP variant.

1600
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hIAPP sequence:

Phe23 variant:

2000

1500 -

1000
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500 -

10 20 30
H,N—KCNTATCATQ RLANFLVHSS NNFGAILSST NVGSNTY—C—NH,
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Retention time (min)

Z:\suprams-dat...\LAPP-ox-pure.d Injection 1 ESI (+) MS profile MS + spectrum 0.21

L.7x10" . .
wssnr monoisotopic mass
L3016 calculationfor peptide:
) e N-terminalgroup : free amine
Lo C-terminal group : amide
1.2%10% Kilg
i Expected
1.0%10"

. Molecular mass:
I 3979
: e . -
- - Py Electrosprayseries (positive
soad mode):

J e 1326949
soxid Ex charge m/z
A0nd'] ;;‘;;E 805,389 +1 3980

10" 19.08% 594,466, i
o il +2 1991
2.0x104 398.23 890 1333.274 .93% 10.22% 10.13%

eav 115215 773,481 7. 7.95% = 1607.757 + 1327

road = 2417 N A = T;:;? ?;«7&‘.3 u:;;':fu — ‘:?ifns 2399.326 2744.894  3016.441 3 3

R [ | W L" e | , o osw +4 996
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Figure S19. Analytical HPLC chromatogram and MS spectrum of tetra hIAPP variant
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hIAPP sequence:

10 20 30
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a.0%10" — 55.27%
ssaad 1000.185 1:3‘;‘5“;"
o 95%
soxid 700052 | 12:92% 1998.891
25a1d. 799,754 34.10% 13301 ;(?;l] 1333.576 34.86%
.56%)| .
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Figure S20. Analytical HPLC chromatogram and MS spectrum of penta hIAPP variant
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