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Part 1: Supplementary Figure
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Figure S1. Pre-resonance SRS by probe engineering. Here, the strategy to increase the
SRS detection sensitivity is by probe engineering to shift the molecular absorption to
approach to the pump wavelength.
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Figure S2. Absorption spectrum of retinol measured in DMSO.
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Figure S3. VP-SRS spectra of retinol at different concentrations in DMSO. A) VP-SRS
spectral profile of 1091 uM, 545 uM, 273 uM, 136 uM, 68 uM, and 34 puM retinol solution
diluted in DMSO. B) Zoom-in VP-SRS spectral profile of 68 uM, 34 uM retinol solution, and
pure DMSO solution in (A). C) VP-SRS spectral profile of the raw data in (A) subtracted by
DMSO spectral profile. D) Zoom-in VP-SRS spectral profile of 68 uM, 34 uM retinol
solution in (C).
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Figure S4. The bandwidth of VP-SRS covers over 300 cm™ in the fingerprint region. A)
VP-SRS spectra of adenine, PS beads and olive oil. B) Raman shift is calibrated from moving
slice due to the linear relationship between them.
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Figure S5. A) Spontaneous Raman and B) NIR-SRS spectra of olive oil, cholesterol, BSA,
retinyl ester solution, retinol solution, retinoic acid solution, and retinal solution.
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Figure S6. TA-subtracted spectra of retinoids recorded under 522.5-nm Stokes and 484-nm
pump. Spectral focusing is at ~1600 cm-1. (A,B) Original spectra (black solid) and fitted TA
background (black dash) of (A) retinol and (B) retinyl ester. The TA-subtracted retinoid
spectra (red solid) show much narrower FWHM compared with the raw data. (C) Raw and
(D) TA-subtracted spectra of retinyl ester (blue solid), retinol (orange dash), retinoic acid
(purple solid) and retinal (green dash).
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Figure S7. SRS spectra of embryonic neurons detected by NIR-SRS and VP-SRS
microscope.
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Figure S8. VP-SRS spectra from neuron cells under control, retinol depletion, and rescue.
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Figure S9. TA-subtracted spectra of retinoids in embryonic neurons recorded under 522.5-nm
Stokes and 484-nm pump. Spectral focusing is at ~1600 cm™. (A) The raw spectrum of a
DIV-2 embryonic neuron (black solid), TA background fitting (black dash). The red solid
curve shows the SRS spectrum of the DIV-2 embryonic neuron with TA subtracted. (B) SRS
spectrum with TA subtracted in DIV-2 (black solid), DIV-7 (red solid) and DIV-15 (blue

solid).
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Figure S10. VP-SRS reveals the retinoid distribution in mouse brain. A,C) SRS imaging at
1580 cm™ (left), at 1655 cm™ (middle) and composite (right), respectively, of (A) the ventral
lateral nucleus (VL) and (C) hippocampus. (B) and (D) are the corresponding hyperspectra

of region | and Il indicated in the composite images of (A) and (C), respectively. Scale bar: 20
pm
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Figure S11. Phasor analysis criteria to differentiate type I and type Il LDs in pancreatic
cancer cells. A) Phasor plot of the VP-SRS imaging of MIA PaCa-2 cells from Figure 5C. B)
Averaged SRS spectrum of type I (red line) and type Il (green line) selected by a red-circled
region, and by a green-circled region, respectively, in the phasor plot of (A). C) Phasor plot of
the VP-SRS imaging of G3K cells from Figure 5C. D) Averaged SRS spectrum of type I (red
line) and type 11 (green line) selected by a red-circled region, and by a green-circled region,
respectively, in the phasor plot of (C).
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Figure S12. Phasor analysis criteria to differentiate type | and type Il LDs in ovarian cancer
cells. A) Phasor plot of the VP-SRS imaging of OVCAR cells from Figiure 5E. B) Averaged
SRS spectra of type | (red line) LDs selected by a red-circled region in the phasor plot of (A).
There is no signal in the green-circled region in the phasor plot of (A). C) Phasor plot of the
VP-SRS imaging of OVCAR-cisR cells from Figure 5E. D) Averaged SRS spectra of type |
(red line) and type 11 (green line) LDs selected by a red-circled region, and by a green-circled
region, respectively, in the phasor plot of (C).
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Figure S13. VP-SRS spectra of G3K under control (black solid line) and retinol supplement
(red solid line).
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Figure S14. VP-SRS spectra of MIA PaCa-2 under control (black solid line) and retinol

supplement (red solid line).
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Figure S15. Scanning 30 frames on cells before SRS imaging acquisition was used to get rid
of non-SRS signal. A) Bleaching images of G3K pancreatic cancer cells by VP-SRS
microscope. VP-SRS microscope induces bleaching of cells especially in cytoplasm when the
power of pump and stokes is 30 mW and 40 mW, respectively. Pixel dwell time is 10 ps. B)
Bleaching signal in cytoplasm and nucleus were both recorded at different timelapses. C)
After 30 frames scanning, SRS imaging of the same G3K cells was acquired successfully,
(left) by summing up the SRS signal in the fingerprint region, (middle) at 1655 cm™
corresponding to the mixture of acyl C=C bond and amide I band, (right) at 1580 cm™
corresponding to C=C bond of retinoids. D) SRS spectrum of type | and type Il LDs indicated

by the white arrows in (C) normalized by signal of the mixture of acyl C=C bond and amide |
band at 1655 cm™. Scale bar: 10 um.
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Figure S16. SRS imaging of MIA PaCa-2 cells, (A) at ~1580 cm™ corresponding to C=C
bond of retinoids, (B) at 1655 cm™ corresponding to acyl C=C bond and amide | band. (C)
The raw spectrum of a type-Il LD in a MIA PaCa-2 cell pointed by green arrow in A and B
(black solid) and TA background (black dash). The red solid curve shows the SRS spectrum
with TA subtracted. Spectral focusing is at ~1570 cm™. Scale bar: 15 pm.
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Figure S17. SRS imaging of OVCAR-cisR cells, (A) at ~1600 cm™ corresponding to C=C
bond of retinoids, (B) at 1655 cm™ corresponding to acyl C=C bond and amide | band. (C)
The raw spectrum of a type-Il LD in an OVCAR-cisR cell pointed by green arrow in A and B
(black solid), TA background (black dash) and SRS signal contributed by acyl C=C & amide
| band at 1655 cm™(short black dash). The red solid curve shows the retinoid SRS spectrum
with TA and 1655 cm™ peak subtracted. Spectral focusing is at ~1600 cm™. Scale bar: 15 um.

Part 2: SNR enhancement

We assume that after the objective, the power focused on the sample is the same both under
NIR-SRS and VP-SRS.

For VP-SRS, Pump and Stoke wavelength are 482 nm and 522.5 nm, respectively. For
NIR-SRS, Pump and Stoke wavelength are 897 nm and 1045 nm, respectively.

SRL can be written as

Alp « —N X Opgman X Ip X Ig

where Al, denotes the relative loss in the pump laser, N is the number of vibrational bonds
in the imaging volume, Graman IS the Raman scattering cross-section, and I,, Is are the laser
intensities of the pump and Stokes beam.

Therefore, signal enhancement of VP-SRS compared to NIR-SRS can be written as

Alp_yp Nyp OR -vp o, Ip-vp  Is-vp
|4 — vV X aman-=V. X | X S=V .
Alp_nyiR NNIR ORaman-NIR  Ip-NIR  Is-NIR

1. For N which is the bonds in the focused volumn,

Nyp _ diameteryp® _ 4823

= = 0.155.

Nyir  diameteryr® 8973

2. For ogrgman, Which can express as

2
2 2
_ 3 Wpump T We
ORaman = K X Wpump X Wstokes X [(wg_w%ump)z '
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Therefore,
2

2 2

0 yp X 03y X |2RZVP T D
p—-VP S—VP 2 _ 2 2
(wg — 0p-vp)

ORaman-vP __ e p—VP

2

ORaman—NIR w?,_NIR + u)g

(g - wS_NIR)Z

3
Wp-NIR X W5_NIR X

12 12
1 1% |78 * 335
482 7 522.5 1 2 12
(335 ~ 82 )°
= = E E = =158
1 13 97 T 375
X X
897 X 1045 12 12
(525 — 597 )?
(325 ~ 897 )]

where, w, = 325 nm is the center wavelength of retinol absorption (Figure S2, Supporting

Information).

3. For Ip and I,

P
Ip_yp _ diameter,p® 897% 346
Ip—nik P 4822
diameter,\,m2
Is_yp _ 10457

ls_min  522.52

Therefore,

Alp-vp _ Nvp o ORaman-ve o Ip-ve  Is-vP _ () 155 % 158 x 3.46 x 4 = 339

= X
Alp_NjR NNIR ORaman-NIR  IP-NIR  Is—-NIR

Then for the noise where shot noise dominates and is proportional the photon count,

which induces the uncertainty of photocurrent ig, .

The shot noise ratio of VP to NIR is

i — N 482
.shot VP — VP — — 0733
Ishot—NIR Nnir 897

Alp_yp

In conclusion, SNR should be theoretically enhanced by :Ih’:;f"/’; = 037353 = 462 times.

ishot—NIR
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