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Experimental Methods

Narrow-Band Pump Generation

To perform the Narrow Band (NB) Pump experiments, we use the capabilities of our AOM to mask all
frequencies of the pump beam, leaving only a 3 cm™ Gaussian window centered at a chosen pump
frequency. This window is scanned with 2.7 cm™ steps in the frequency range from 1600 to 1700 cm™ to
produce the pump axis. The window size and scanning steps were chosen to match the pump resolution
of the Broad-Band experiments. Spectra were obtained by scanning line by line along the pump axis, in a
manner similar to transient pump-probe collection. We used a [1, off, -1, off] phase cycling scheme to isolate
the 2D signal from scattered light. Similar phase combinations of phase cycling have been used for other
2DIR applications." After fully assembling the 2D spectrum, it was smoothed along the pump axis using a
4 cm™ Gaussian smoothing window.

Phase Cycling Schemes

We used phase cycling to measure the relative amplitude of pump-light scattered by the sample region
being studied, as fibers are strong light scatterers.? In practice, our measured data are proportional to the
absolute value squared of the sum of all complex valued electric field contributions as shown in equation
1, where E+1 and E2 are the pump fields, s is a scattering amplitude, ELo is the local oscillator field (which is
also the probe in our experiment),® and Esi is the emitted 2DIR signal field.
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Equation 1 focuses on the cross terms, which are what primarily contribute to or contaminate the 2D
spectrum. The heterodyned 2DIR signal, Ej,E,, is processed to produce 2D spectra, while
(S*El*Esig + s*E;Esig) are the smallest terms and can be neglected. The remaining terms require phase
cycling to remove.*® Using a pulse shaper-based spectrometer permits shot-to-shot control of the phases
of the two pump pulses. By carefully selecting phases and combining measurements, particular signals can
be cancelled, which is highly effective at removing these scattered light signals. A typical 4-frame phase
cycling scheme is presented in equation 2, where I, 4,1 represents data where the phases for the first and
second pump pulses are set to ¢, and ¢,, respectively.

Sap % (Io,0) + ) = (o) + Iimor) (2)

By combining the phase cycled measurements in this manner, the terms in equation 1 linear in s cancel out
entirely. Normally, scattered light is a nuisance to obtaining clean spectra. However, in order to isolate the
signal from fibrils, areas with intense light scattering were chosen. To do this, we used the scattered light
contamination described above to our advantage by combining the phase cycled measurements according
to equation 3. This scheme cancels the 2DIR signal while enhancing s*E{E; .

Sseat % (Ijo,0) * Tjo.x1) = Uimo) + Iz (3)

Using S,., we were able to identify sample regions with both large 2DIR signal and large scattering
amplitudes (see Figure S3), which we assign to fibrillar samples and from which data in Figures 3 and 4
were collected. Within the conventional 4-frame phase cycling scheme in equation 2, the pump-pump cross
term will survive, which, though often neglected due to its |s|? scaling, is problematic for measuring 2DIR
of particularly strong scatterers such as solids. To measure signals associated with fibrils and remove this
source of scattering, we employed an 8-frame phase cycling scheme that eliminates this term."” In the 8-



frame scheme, we used an optical chopper to chop the probe pulse every second laser shot. The 8 frames
are combined according to equation 4, where ON and OFF refer to the probe beam. This 8-frame scheme
is employed in all 2DIR spectra following the initiation of aggregation (Figure 2a).

SZD x {(I[O,O,on] + I[n,n:,on]) - (I[O,TI,OTL] + I[n,o,on])}
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Simulation Methods

Exciton Scattering Matrix Simulations

We used the Nonlinear Exciton Scattering Matrix method developed by Mukamel,®-'° which avoids the need
to diagonalize t2-quantum Hamiltonians. Instead, each vibrational mode is treated as a two-state system
where the second excited state manifold is accessed through the mixing between excitons calculated
through a scattering matrix. The response is then calculated by summing all combinations of four
interactions with light. In principle this results in summing up N* interactions, but the complexity can be
greatly reduced by pre-determining all interaction strengths between two excitons and only including
scatterings where the interaction strength is greater than a defined threshold. Following Mukamel's
implementation' the exciton overlap factor is defined in equation (5.

Nee' = Z|¢e,m||¢e’,m| (5)

We then reject all pairs of interactions where this overlap factor is below 0.55. This number is chosen as it
is close to the 0.5 value Mukamel used in demonstrating the effectiveness of the technique while
significantly reducing computation time. (For reference, reducing the threshold to 0.5 would effectively
double the computation time).

To implement the simulation, first the coordinates for all backbone amide groups in a fibril structure is
obtained using coordinates from the crystal structure determined by Landau et al.'? Then the one-quantum
Hamiltonian is built using the Transition Dipole Coupling model.” We then diagonalize the one-quantum
Hamiltonian to obtain the eigen energies and eigenmodes. Pairs of eigenmodes whose exciton overlap are
larger than the chosen threshold are retained. The response functions are calculated in the frequency

domain using Green'’s functions. The response for rephasing, Sﬁi’%_vwl(ﬂ&tz,!)l), and non-rephasing,
§’1fi’yv3ﬂ,2rvl(!23,t2,!21) pathways are detailed in the following equations where ,;and t,are the

corresponding frequency and time grid points over which the spectrum is calculated. The frequency of each
exciton i is €., while y,,is a phenomenological dephasing rate set to 5cm™. The (u,*u,?uy?p,!) term is
defined in equation (8) where ., is the transition dipole moment of exciton i and F?vi is a unit vector along
the direction of the it" electric field.
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Where 6(t) is the Heaviside function.
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The gamma terms are defined below.
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Where D, , is

l_)m,n = Smn + igm,n jn (14)

Finally, the Green function, G,, ,(w) is as follows.

gm,n(w)z Z”lrbe’mlpg”m(jele"(w)lp:’n :”n (15)

Structural Comparison of ai-sheets and cross-a. fibrils

PSMs have also been associated with the a-sheet structure'. a-sheets are defined by the alignment of all
nitrogens and carbonyl groups in the same direction along the backbone as opposed to alternating
orientations as seen in B-sheets. Figure S1a shows the select residues of cytosolic phosphatase A2 (PDB
ID:1rwl)'® that adopt the a-sheet conformation'®, while S1b shows the cross-a fibrils of PSMa3 (PDB
ID:5i55)'"” observed by Landau et. al'® Both were obtained via PDB structures.

a) a-sheet domain b) cross-o. fibril

Cytosolic phospholipase A2

Figure S1. Secondary structures of a) select residues in cytosolic phospholipase A2 that exhibit the a-sheet domain
and b) PSMo3 cross-a fibril structure both obtained from crystal structure data.



Transmission Electron Microscopy (TEM)

After incubation the sample was centrifuged at 14,800 rpm for 20 minutes. The supernatant was decanted
off and the pellet was resuspended in a 10-fold dilution following the protocol from Landau et al.'”'® 5 mL
of sample was then adhered to a 400-mesh copper TEM grid with Formvar/Carbon support films (Ted Pella,
distributed by Getter Group Bio Med, Petah-Tikva, Israel) that had been glow discharged and stained with
2% uranyl acetate. The sample was imaged at 20 keV with 100 nm resolution.

Figure S2. Transmission electron microscopy image of PSMa3 fibrils formed after room temperature incubation.
Scale bar indicates 100 nm.

Scattered Light Analysis

To ensure the spectra obtained correspond to fibrils in the sample, a scattering analysis was performed
using the time domain data. An alternative phase cycling scheme (given in equation 3 of the main text) was
used to maximize scattered light interference signals, which are used as an in-situ measure of the presence
of aggregates. The sample in Figure S3a corresponds to the monomeric solution and therefore the
scattered light is negligible, while the samples in Figures S3b and c contain fibers, resulting in intense
scattered light.
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Figure S3. 2DIR signal compared to scattered light. The time domain data for scattered light is depicted in the top
panels. The bottom plots show the 2DIR signal (blue) and scattered light (orange) along the horizontal slices (pink
dashed line) taken at 1621 cm™ of a) PSMo3 solution after 25 mins, b) the o+ fibrils and c) the isolated cross-o.

fibril.

Monomer Spectra

Broad Band Pump 2DIR
The BB experiments were performed with 0.5 mM PSMa3 to capture the spectra of the monomer.
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Figure S4. BB 2DIR spectrum of 0.5 mM PSMa3 in D20 taken with a) parallel b) and perpendicular polarizations
using broad band pump. The difference spectrum is shown in c).
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