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total of 103 Gln in the mHtt-97Q ex1 protein. This strategy
offers higher detection sensitivity compared to previously
reported 200 μM by SRS imaging of alkyne tags.32 In cells,
however, the detection limit is set by aggregate-signal to
cellular-background ratio (Sagg/Bcell). There are two sources for
Bcell. First, the newly synthesized proteome incorporates Gln.
Since Gln accounts for 4.2% of human proteome,25 the
estimated detectability for mHtt-97Q ex1 is 86 μM when Sagg/
Bcell = 1 (details in the SI). Second, the intracellular free Gln
pool is about 8 mM,33 slightly lowering the achievable
detectability. To minimize this additional background, we
replaced the medium with buffer before imaging. Although a
detection sensitivity of 86 μM may be too high for imaging
normal proteins, it is highly feasible to detect polyQ aggregates
down to very small sizes. Our GFP fluorescence analysis by
time-lapse tracking of mHtt-97Q-GFP proteins (Figure S3a,b)
and tetramethylrhodamine (TMR) fluorescence analysis of
mHtt-97Q-Halo proteins (Figure S3c) suggest that once the
new and small aggregates form in cells, the concentration of
polyQ protein is already beyond 86 μM to as high as 400 μM.
Imaging and Quantification of mHtt Aggregates with

and without GFP Labeling in Live HeLa Cells. We next
validated our SRS imaging by transfecting HeLa cells with
mHtt-97Q-GFP plasmid (Figure 1a and Figure S2) and
culturing them in Gln-d5 medium. We first conducted parallel
SRS and fluorescence imaging on the same set of live cells. The

SRS image of C−D enriched aggregate (Figure 2a, 2167 cm−1)
agrees well with the fluorescence image of GFP (Figure 2a,
fluorescence). A clear off-resonance image demonstrates high
SRS imaging quality (Figure 2a, 2035 cm−1). The C−D peak
for Gln-d5 is shifted from 2147 cm−1 in solution to 2167 cm−1

after being incorporated into cellular proteins, suggesting a
change of the microenvironment. Indeed, we found that the
shifted C−D spectrum has Raman spectral features from both
Gln-d5 solution and solid (peaked at 2167 cm−1) (Figure S4).
As a comparison, label-free SRS images at CH3 (2940 cm−1)
and amide I (1664 cm−1) channels, widely adopted for imaging
total proteins,26 show much decreased detection specificity,
particularly pronounced for small aggregates (Figure 2b, arrow
indicated), which are indistinguishable from the nucleoli.
Moreover, the high contrast of the C−D image decreases
significantly if Gln-d5 is replaced by nonenriched leucine-d10
(Leu-d10) for labeling (Figure 2c). Our quantification on the
average Sagg/Bcell for each channel clearly demonstrated much
higher imaging specificity with Gln-d5 (Figure 2d).
After establishing the feasibility for SRS imaging of Gln-d5-

labeled mHtt-97Q-GFP aggregates, we aimed to image native
mHtt-97Q proteins without GFP (Figure 3a). GFP may
perturb aggregation formation of mHtt proteins, because it is
238 amino acid (aa) in length, which is about twice as large as
mHtt-97Q ex1 with only 152 aa. We successfully imaged
aggregates at the same C−D frequency (Figure 3b, CD on and

Figure 2. Live-cell SRS imaging of mHtt-97Q-GFP aggregates with Gln-d5 labeling. (a) SRS imaging of mHtt aggregates (arrowheaded, 2167 cm−1,
C−D on), validated by fluorescence imaging through GFP (Fluorescence). Off-resonance image at 2035 cm−1 shows no signal. (b) Live-cell SRS
images for an mHtt-97Q-GFP aggregate (arrowheaded) at Gln-d5 (2167 cm

−1), CH3(2940 cm
−1), and amide I (1664 cm−1) channels on the same

set of HeLa cells. (c) SRS imaging of an mHtt-97Q-GFP aggregate at 2143 cm−1 by leucine-d10 (Leu-d10) labeling. (d) Average Sagg/Bcell from SRS
images of C−D with Gln-d5 labeling (5.75 ± 1.03, n = 13); amide I (2.15 ± 0.34, n = 4); CH3 (1.66 ± 0.14, n = 10); and C−D with Leu-d10
labeling (2.45 ± 0.33, n = 10). Error bar: SD.
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Abstract: Innovations in optical spectroscopy and microscopy have revolutionized our 
understanding in live biological systems at the sub-cellular levels. In this talk, I will present our 
recent advances in developing and applying stimulated Raman scattering (SRS) imaging, a 
nonlinear vibrational imaging modality that offers rich chemical information, for specific and highly 
sensitive investigations of complex biological (i.e. cancer- and neuronal-) systems. First, we 
integrated Raman spectroscopy and imaging with transcriptomics analysis for metabolic 
phenotyping in cancer systems. Our subcellular Raman-guided strategy revealed potential new 
druggable targets that are not present in bulk analysis. Our further integrations with lipidomics 
and transcriptomics suggest possible underlying regulatory pathways. Second, we devised a 
method that couples SRS microscopy with selective deuterium labeling for live-cell imaging, 
quantification, and spectral analysis of polyQ aggregates, a key feature in polyQ associated 
neurodegenerative disorders. We achieved specific polyQ imaging with subcellular resolution and 
without the need of bulk GFP labeling, which is commonly employed in fluorescence microscopy. 
Our method should fill the gap and serve as a suitable tool to study native polyQ aggregates. It may 
unveil new features of polyQ aggregates and pave the way for comprehensive in vivo investigations.

“Stimulated Raman Imaging for Complex Bioanalysis”


