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SI Materials and Methods
Stimulated Raman Scattering Microscopy. An integrated laser
(picoEMERALD; Applied Physics & Electronics) was used as
the light source for both Pump and Stokes beams. Briefly, picoE-
MERALD provides an output pulse train at 1,064 nm with 7-ps
pulse width and 80-MHz repetition rate, which serves as the Stokes
beam. The frequency-doubled beam at 532 nm is used to syn-
chronously seed a picosecond optical parametric oscillator to
produce a mode-locked pulse train [the idler beam of the optical
parametric oscillator (OPO) is blocked with an interferometric
filter] with 5- to ∼6-ps pulse width. The wavelength of the OPO
is tunable from 720 to 990 nm, which serves as the Pump beam.
The intensity of the 1,064 nm Stokes beam is modulated by a
built-in acousto-optic modulator at 10 MHz driven by a square-
wave function generator with a modulation depth of more than
70%. The Pump beam is spatially overlapped with the Stokes
beam with a dichroic mirror inside picoEMERALD. The tem-
poral overlap between Pump and Stokes pulse trains is ensured
with a built-in delay stage and optimized by the stimulated Raman
scattering (SRS) signal of pure dodecane liquid.
Pump and Stokes beams are coupled into an inverted laser-

scanning microscope (FV1000MPE; Olympus) optimized for
near-IR throughput. A 60× water objective (UPlanAPO/IR;
1.2 N.A.; Olympus) with high near-IR transmission is used for
all cell imaging. The Pump/Stokes beam size is matched to fill
the backaperture of the objective. The forward-going Pump and
Stokes beams after passing through the sample are collected in
transmission with a high N.A. condenser lens (oil immersion,
1.4 N.A.; Olympus), which is aligned following Kohler illumination.
A telescope is then used to image the scanning mirrors onto a large
area (10 × 10 mm) Si photodiode (FDS1010; Thorlabs) to descan
beam motion during laser scanning. The photodiode is reversed
bias by 64 V from a DC power supply to increase both the sat-
uration threshold and response bandwidth. A high OD bandpass
filter (890/220 CARS; Chroma Technology) is used to blocked the
Stokes beam completely and transmit the Pump beam only. The
output current of the photodiode is electronically prefiltered by
a bandpass filter (BBP-10.7; Mini Circuits) to suppress both the
80-MHz laser pulsing and the low-frequency contribution due to
laser scanning cross the scattering sample. It is then fed into a
radio frequency lock-in amplifier (SR844; Stanford Research Sys-
tems) terminated with 50 Ω to demodulate the stimulated Raman
loss signal experienced by the Pump beam. The R-output of the
lock-in amplifier is fed back into the analog interface box (FV10-
ANALOG) of the microscope. The time constant is set for 20 μs

(the shortest available with no additional filter applied). The
current SRS imaging speed is limited by the shortest time con-
stant available from the lock-in amplifier (SR844). For imaging,
512 × 512 pixels are acquired for one frame with a 100 μs of pixel
dwell time and 20 μs of time constant from the lock-in amplifier.
Laser powers after 60× IR objective used for cell imaging are as
follows: 61 mW for modulated Stokes beam; 145 mW for the
Pump beam of 2,133 cm−1, 2,000 cm−1, and 1,655 cm−1 channels;
and 64 mW for Pump beam of 2,950 cm−1 and 2,845 cm−1 channels.

Sample Materials for SRS Microscopy. Leucine-, lysine-, arginine-
deficient DMEM (catalog no. D9443), L-lysine (catalog no. L8662),
L-arginine (catalog no. A8094), L-leucine-2,3,3,4,5,5,5,5′,5′,5′-d10
(catalog no. 492949), and retinoic aid (catalog no. R2625) were
obtained from Sigma. Uniformly deuterium-labeled cell free amino
acid mix (20 aa) (DLM-6819) was from Cambridge Isotope Lab-
oratories. Homopropargylglycine (Hpg) and Click-iT Hpg Alexa
Fluor 488 Imaging Kit (catalog no. C10428) were purchased from
Invitrogen.
Deuterium-labeled DMEM (containing either leucine-d10 or

deuterium-labeled all amino acids) was prepared by adding the
appropriate amounts (same final concentration as in the regular
DMEM) of leucine-d10 together with non–deuterium-labeled reg-
ular lysine and arginine stock solutions; or of deuterium-labeled
cell free amino acid mix solution, into leucine-, lysine-, arginine-
deficient DMEM supplied with 10% (vol/vol) FCS, 100 U/mL
penicillin, and 50 μg/mL streptomycin. The deuterium-labeled
Neurobasal medium for culturing hippocampal neurons is made
by supplying all of the essential nutrients with deuterium-labeled
amino acids solution for neurons according to Neurobasal medium
recipe (Invitrogen), which is then added with B-27 Serum-Free
Supplement.

Fluorescence Microscopy Using Bioorthogonal Noncanonical Amino
Acid-Tagging Approach. Cells were incubated with 1 mM Hpg,
which is an alkyne-bearing analog of methionine, for 20 h. Then
fluorescence labeling was conducted using a Click-iT Imaging Kit
according to the manufacturer’s procedure. Briefly, cells were fixed
with 3.7% formaldehyde for 15 min. Then, cells were washed twice
with 3% BSA in PBS, followed by incubation with 0.5% Triton
X-100 in PBS for 20 min. After washing, cells were incubated
with Click-iT reaction mixture for 30 min. Then, after washing
with 3% BSA in PBS four times, fluorescence images were ob-
tained using a Leica TCS SP5 confocal microscope while the cells
were immersed in PBS solution.
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Fig. S1. Spontaneous Raman spectrum from 3,000 cm−1 to 1,200 cm−1 of HeLa cells growing in a regular medium clearly displays a cell-silent spectral region
as highlighted by the blue dashed box. The 2,940 cm−1 peak shows the signal of CH3 stretching mainly from cellular proteins. In addition, the 1,655 cm−1 peak
shows the amide I stretching signal also primarily from cellular proteins.
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Fig. S2. Fluorescence image of newly synthesized proteins in HeLa and HEK 293T cells using bioorthogonal noncanonical amino acid tagging (BONCAT). By
metabolic incorporation of homopropargylglycine (Hpg) followed with fluorescence staining after fixation, permeabilization, and click chemistry using Click-iT
Hpg Alexa Fluor 488 Imaging Kit, the newly synthesized proteins are shown in green. The fluorescence images of HeLa cells (A) and HEK293T cells (B) show
the maps of newly synthesized proteins in the whole-cell level with nucleoli being highlighted.
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Fig. S3. Multicolor time-dependent SRS imaging of live HeLa cells incubated in deuterium-labeled all-amino acid medium. (A–C) 2,133 cm−1 (C–D channel)
images of new proteins for cells incubated for 5, 12, and 20 h displaying increasing signals over time. (D–F) The corresponding 1,655 cm−1 (amide I channel) images
of primarily total proteins show the signals at a steady state. (G–I) 2,845 cm−1 (CH2 channel) images of primarily lipids. (J–L) 2,940 cm−1 (CH3 channel) images of
mainly total proteins with minor contribution from lipids. (M–O) Ratio maps between the new proteins (2,133 cm−1) and total proteins (1,655 cm−1) over time,
gradually highlighting the nucleoli.
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Fig. S4. SRS imaging of drug-induced protein synthesis inhibition effect in live HeLa cells incubated in deuterium-labeled all-amino acid medium. A shows
the SRS image targeting the 2,133 cm−1 of C–D vibration peak for newly synthesized proteins during 5 h of incubation with a deuterium-labeled set of all
amino acids. Note that the color scale of this image adapts the same intensity scale as shown in Fig. 4 A–C to illustrate the time-dependent signal growth.
In contrast, B displays the “vanishing” signal when 5 μM anisomycin was coincubated in the medium to block protein synthesis. When the image color scale of
both A and B are amplified by five times, C and D are the resulting amplified images. C shows the same cells but with five times higher brightness (even with
partial saturation) than A. D now starts to exhibit some faint but identifiable image contrast, which is possibly due to the intracellular free amino acids pool (1).

1. Piez KA, Eagle H (1958) The free amino acid pool of cultured human cells. J Biol Chem 231(1):533–545.
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Fig. S5. SRS imaging of newly synthesized proteins in both cell bodies and newly grown neurites of neuron-like differentiable mouse neuroblastoma (N2A)
cells. During the cell differentiation process by serum deprivation and 1 μM retinoic acid, a deuterium-labeled set of all amino acids is also supplied for 24 h.
(A) SRS images targeting the central 2,133 cm−1 vibrational peak of C–D bond show the newly synthesized proteins. (B) SRS images targeting the 2,940 cm−1

CH3 show the total proteins. (C and D) Zoomed-in images as indicated in the white dashed squares in A and B. (E) Ratio image between new proteins (C) and
total proteins (D). Although the starred neurites show relatively high percentage of new protein, the arrows indicated neurites displaying low new proteins
percentage. (F) Merged image between new protein (C) (red channel) and total proteins (D) (green channel). Similarly, the starred regions show obvious
new proteins, whereas the arrows indicate regions that have low-level new protein signal.
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Fig. S6. SRS imaging of newly synthesized proteins in both cell bodies and neurites of live hippocampal neurons growing in Neurobasal medium supplied
with deuterium-labeled amino acids for 24 h. (A) SRS image targeting 2,133 cm−1 vibrational peak of C–D bond shows the newly synthesized proteins in both
cell bodies and part of the neurites. SRS images at 2,940 cm−1 (B) and 1,655 cm−1 (C) are both attributed mainly to total proteins.
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