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1. Materials and Methods  
 
General β-amino acids were purchased from AAPPTec LLC. Wang resin was purchased from Novabiochem. Cucurbit(n)uril (CB[7] 
and CB[8]) were purchased from Strem chemicals and verified by microcalorimetric titration against paraquat. 

Synthesis Peptide synthesis was carried out manually as described previously.s1 The tri-β3-peptide was synthesized on 0.1 mM scale 
using standard fluorenylmethyloxycarbonyl (Fmoc) chemistry on Wang resin (1.2 mmol/g loading). A typical coupling cycle consists of 
initially washing of the resin with N-methyl-2-pyrrolidone (NMP) (3 x 1 min), followed by adding a solution of Fmoc protected β-amino 
acids (3,1 eq. with respect to resin loading), hydroxybenzotriazole (HOBT) (3eq.), 2-(1H-benzotriazol-1-yl)-1,1,3,3tetramethyluronium 
hexafluorophosphate (HBTU) (3eq.) and N,N-diisopropylethylamine (DIPEA) (4.5eq.). 4-Dimethylaminopyridine (DMAP) (0.1 eq.) in 
NMP was added drop wise only during coupling of the first β-amino acid to the resin. Coupling of the first β-amino acid was carried out 
for 12 h while from the second β-amino acid onward the coupling was carried out for 2 h. After each coupling cycle the resin was 
washed (3 x 30 sec) with NMP followed by capping of unreacted β-amino acids using 10% v/v acetic anhydride and 1% v/v DIPEA in 
NMP (2 x 20 min). After washing (3 x 30 sec) with NMP, deprotection of the N-terminus of peptide was carried out using 40% piperidine 
in NMP (2 x 20 min). After  washing with NMP (3 x 30 sec) the same protocol was followed till the last β-amino acid was coupled to 
the resin. After the final Fmoc deprotection step, the peptide chain was capped with an acetyl group (by treating the resin with a solution 
of 10% v/v acetic anhydride and 1%v/v DIPEA in NMP (2 x 20 min) and subsequently cleavage of the peptide chain from the resin was 
achieved by treating resin with a cleavage solution containing 2.5 % v/v water and 2.5% triisopropylsilane in trifluoroacetic acid (TFA) 
for 90 min. The cleaved resin was washed twice with the cleavage solution (2 x 30 sec) and the cleaved β-peptide in TFA was collected. 
The TFA was then evaporated under a stream of N2 and the peptide was precipitated by the addition of diethyl ether. The precipitate 
was then filtered through a sintered glass funnel and reconstituted in H2O/acetonitrile (1:1) for lyophilization.  

After lyophilization, the crude peptide was purified using preparative high performance liquid chromatography (HPLC) (Waters 2535 
quaternary gradient module with XBridgeTM prep C18 5µm OPDTM 19 X 250 mm preparative column). The eluents used were 0.1 % 
aqueous TFA and 0.1 % TFA in acetonitrile. Extent of purification was checked using an analytical HPLC (Waters 2535 quaternary 
gradient module XBridge C18 5 µm column with 4.6 X 250 mm dimensions). Same eluents as that of preparative HPLC were used. 
HPLC retention times were observed following analytical HPLC with a solvent gradient of 0-90% acetonitrile over 90 min (Figure S1). 
Mass of purified peak was determined using LC-MS (Waters 2535 module coupled to micromass LCT)): Ac-YSI calc. 465.54 [M], found 
466.39 [M+H], 488.37 [M+Na] (Figure S2). 

 

 

Figure S1. Analytical HPLC trace of AcYSI. 

  

Figure S2. ESI-ToF mass spectrum of AcYSI. 
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2. Optical microscopy Olympus CKX41 was used for inspection of samples using optical microscopy. Solutions (in milliQ water) 
were deposited on clean glass slides using a micropipette and dried carefully. 

 

 

Figure S3. Several optical images of deposits of AcYSI fibrils (3.9 mM).  
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3. SEM and AFM microscopy  

Scanning electron microscopy imaging was performed on Carl Zeiss Merlin scanning electron microscope. 2 µL of the peptide solution 
(in milliQ water) was drop cast on copper TEM grids. The solution was dried and analyzed without further treatment of the samples. 
Atomic force microscopy imaging was performed on AFM Nanoscope III, (Bruker) with intermittent contact mode. 2 µL of the peptide 
solution was applied to freshly cleaved mica surface using glass capillary displacement method. The sample was covered with petri 
dish to slow down rate of evaporation. After 15 min the sample surface was dried under the stream of N2. Afterwards samples were 
immediately imaged. Image processing was done using Gwyddion software. 

 

 

Figure S4. (A) SEM images of AcYSI (3.9 mM) and CB[8] (34 µM) and (B) AcYSI alone (3.9 mM). Scale bar of SEM images 1 µm. (C) 
AFM images of AcYSI (1.5 mM) and CB[8] (34 µM) and (D) AcYSI (1.5 mM) and CB[7] (34 µM). Scale bars of AFM images as indicated 
on the images. 
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4. Dynamic light scattering  

Different length scales of fibrils formed are assessed with a Malvern Zeta sizer at 25°C. Experiments were performed with a Nanotrac 
wave from Anaspec operating with Microtrac FLEX operating software. The observed sizes and standard deviations are based on the 
average number distributions of minimum five individual measurements per sample. 
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Figure S5. DLS of AcYSI at 2.1 mM (black), AcYSI at 3.9 mM (red) and AcYSI (3.9 mM) and CB[8] (34 µM). 
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5. CD measurements All CD measurements were performed in sterile PBS on a Jasco-J1500 instrument. The CD scale was 200 
mdeg/1.0 dOD and spectra were measured from 195 to 250 nm at a scanning speed of 20 nm/min. Data pitch was set at 0.5 nm and 
a bandwidth of 1.0 nm. For each measurement two spectra were recorded independently for comparison. In the case of temperature 
interval scan measurements complete spectra were measured from 90˚C to 5˚C with an interval of 10˚C and the incubation time at a 
particular temperature before scanning was set at 20 sec with a data pitch of 0.1 nm. LD spectra were compared and found to be 
zero for the low and intermediate concentration regime. For the upper end of the high concentration regime small 10-4-10-5 LD signals 
were observed. 

Figure S6. CD spectra of AcYSI (3.9 mM) recorded (A) at 20°C (black line) and after (red line) a temperature cycle from 20°C up to 
90°C and down to 20°C at 10 °C/min. 

Figure S7. CD spectra of AcYSI (1.1 mM) recorded (A) at 20°C (black line) and after (red line) a temperature cycle from 20°C up to 
90°C and down to 20°C at 10 °C/min. 
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Figure S8. CD spectra of A) AcYSI (1.1 mM); AcYSI (1.1 mM) and CB[7] (34 µM) before and after temperature ramping from 20 °C 
to 90 °C and back to 20 °C, B) AcYSI (3.9 mM); AcYSI (3.9 mM) and CB[7] (34 µM) before and after temperature ramping from 20 
°C to 90 °C and back to 20 °C at the rate of 10 °C/min. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure S9.  CD spectra of A) AcYSI (1.1 mM); AcYSI (1.1 mM) and CB[8] (34 µM) before and after temperature ramping from 20 °C 
to 90 °C and back to 20 °C, B) AcYSI (3.9 mM); AcYSI (3.9 mM) and CB[8] (34 µM) before and after temperature ramping from 20 °C 
to 90 °C and back to 20 °C at the rate of 10 °C/min. 
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Figure S10. CD spectra of (A) AcYSI (3.9 mM) and 0, 4, 13, 22 and 34 µM of either (A) CB[7] or (B) CB[8]. 

 
 
 

 
Figure S11. CD spectra of (A) AcYSI and CB[7] and (B) AcYSI with CB[8]. 
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6. Viscosity measurements Viscosity measurement was performed on a RHEOPLUS/32 Multi9 V3.10 instrument. Solutions (300 
µl) were carefully placed on the sample plate and viscosity was measured with shear rates (sec-1) from 0.1 to 100. 50 data points 
were collected for each measurement. 

 

 
 
Figure S12. Viscosity versus shear rate profile for AcYSI (3.9 mM, green and 1.5 mM, blue), AcYSI with CB[8] (3.9mM and 34 µM, 
red) and AcYSI with CB[7] (3.9 mM and 34 µM, black). 
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7. The nucleation aggregation model The equilibrium model describes the aggregation process as sequential monomer addition 
equilibria : 

X+X M2

Kn

M2+X M3

Kn

Mn-1+X Mn
Kn

Mn+X Mn+1

Ke

Mi-1+X Mi

Ke

[M2] Kn [x]2

[M3] Kn [M2][x]

[Mn] Kn [Mn-1][x]

[Mn+1] Ke [Mn][x]

[Mi] Ke [Mi-1][x]
 

In the above model X represents the monomer, i.e. the hydrogen bonded dimer of 2 peptide monomers. In case of a  co-operative 
aggregation process, Kn <  Ke  (with Kn  the equilibrium constant of nucleation, Ke  the equilibrium constant of elongation and co-
operativity σ =  Kn / Ke). In an isodesmic aggregation process Kn =  Ke (σ = 1). The concentration of each species Mi equals [Mi]= Kn 

i-

1[X]i for i ≤ n and [Mi] = Ke 
i-n Kn 

n-1 [X]i for i > n. With dimensionless concentration mi = Ke [Mi], dimensionless monomer concentration x 
= Ke [X], the dimensionless concentration of each species Mi equals mi = σi-1xi for i≤n and mi = σn-1xi for i>n. Hence dimensionless mass 
balance is  

𝑋𝑋𝑡𝑡𝑡𝑡𝑡𝑡 =  𝜎𝜎−1 �𝑖𝑖(𝜎𝜎𝑋𝑋)𝑖𝑖 + 𝜎𝜎𝑛𝑛−1 � 𝑖𝑖(𝑋𝑋)𝑖𝑖                                                      (1)
∞

𝑖𝑖=𝑛𝑛+1

𝑛𝑛

𝑖𝑖=1

 

with dimensionless total concentration 𝑋𝑋𝑡𝑡𝑡𝑡𝑡𝑡= Ke.Ctot and Ctot the total monomer concentration in mol/L. Evaluating both sums in eq. 1  
using standard expressions for converging series yields : 

 

𝑋𝑋𝑡𝑡𝑡𝑡𝑡𝑡 =  𝜎𝜎−1 �
(𝜎𝜎𝑋𝑋)𝑛𝑛+1(n𝜎𝜎𝜎𝜎 − 𝑛𝑛 − 1)

(𝜎𝜎𝜎𝜎 − 1)2 +
(𝜎𝜎𝑋𝑋)

(𝜎𝜎𝜎𝜎 − 1)2 � − 𝜎𝜎𝑛𝑛−1 �
(𝑋𝑋)𝑛𝑛+1(n𝜎𝜎 − 𝑛𝑛 − 1)

(𝜎𝜎 − 1)2  �                       (2) 

Solving equation 2 using standard numerical methods in matlab yields the dimensionless monomer concentration X. Subsequently , if 
all species with i>1 are considered aggregates, the degree of aggregation can be defined as: 

Φ = (𝑋𝑋𝑡𝑡𝑡𝑡𝑡𝑡 − 𝑋𝑋)/𝑋𝑋𝑡𝑡𝑡𝑡𝑡𝑡                                             (3) 

After fitting our concentration dependent CD data, assuming initial nucleus size of two. We saw very good fitting suggesting highly co-
operative nature of self-assembly. Although it was not possible to reliably extract the degree of co-operativity (ϭ) from the fitting (more 
data points are required) but the elongation constants (Ke) were estimated for AcYSI and AcYSI with CB[8] (in case of AcYSI with 
CB[7], no fitting is possible). Due to very sharp transition of peptide assembly from monomers to small protofibrills, it was possible to 
model this regime. At high concentration these individual fibrils comes in close proximity and starts to twist around themselves showing 
multi step “self-twining” assembly process.1 But due to very diffused transition of individual fibers to twisted fibers it was not possible 
to model this regime. 
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8. ITC measurements. A Microcal VP-ITC microcalorimeter with a cell volume of 1.4 mL was used. Titration curves were fitted with a 
1:1 and 1:2 model using a least-squares fitting procedure and the association constant and enthalpy of binding as independent fitting 
parameters. 

 
Figure S13. ITC data for CB[7] binding to beta-tyrosine (left) and for CB[8] binding to beta-tyrosine (right). 
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