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Figure S1. Global analysis of the fs-TA spectra of GFP-S205V after 400 nm
photoexcitation. (a) Plot of the dynamics of three components from a sequential kinetic
model, which consists of the A* (Franck-Condon region or FC, black) — A* (likely with
charge-transfer character, red) [1,2] — I* (deprotonated chromophore in an unrelaxed
environment, blue) speciation in the electronic excited state. The corresponding evolution-
associated spectra (EAS) are displayed in Figure 2b (see main text). (b) Kinetic data traces
(dotted curves) are overlaid with the global fits (solid curves) using Glotaran software [3]
at representative time delay points of 1 ps (black), 10 ps (red), 100 ps (blue), and 600 ps
(green) after electronic excitation. The time-dependent fitting traces largely match the
experimental traces across the detection wavelength region, indicating that the kinetic

model well approximates the fs-TA data from the ps to hundreds of ps time scale.
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Figure S2. Excited state intensity dynamics of the 1180 cm™ mode of the GFP-S205V
protein chromophore upon 400 nm photoexcitation (including negative time points) using
conventional FSRS, wherein the Raman pump is at 801 nm. The time window from —1 ps
to 10 ps is shown, and the excited state Raman mode intensity data points (red circles) are
overlaid with the least-squares multi-exponential fits (black curve). The time constant of
the signal rise component near time zero (gray dashed line) is smaller than the cross-
correlation time of the setup (140 fs, see Section 2.4 in main text). The semilogarithmic
plot for a time window up to 600 ps can be seen in Figure 4b (main text), which better

shows the long decay time constant of 420 ps.

Notably, the lack of clear spectral oscillations (quantum beats) within the initial ~2 ps
differs from the wild-type GFP [4], which could be due to the dramatically altered ESPT
chain inside the GFP-S205V mutant [5]. Besides suitable resonance conditions, the fs
Raman observation of coherent mode intensity or frequency oscillations depends on the

intricate interplay between the photoexcited chromophore and its local environment [6,7].
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Figure S3. Raw experimental excited state FSRS spectra of GFP-S205V with Raman pump
at 801 nm (red) in Stokes FSRS, 539 nm (black) in Stokes FSRS, and 504 nm (blue) in
anti-Stokes FSRS at (a) 100 fs and (b) 600 ps time delay after 400 nm photoexcitation. The
spline baselines are shown in color-coded solid curves. The vertical green, blue, and black

dashed lines highlight the Raman marker bands shown in Figures 4, 5, 6, and 7 (main text).
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