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Combine spatial and spectral information
at the subcellular location using hyperspectral
confocal fluorescence microscopy (HCFM)
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• Custom built
• Lateral res. = 250 nm
• Axial res. = ~0.6 μm
• Spectral range 490-800 nm
• Spectral res. = 1-3 nm
• Acquisition rate = 4100 spectra/s
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Single pixel 
spectrum

42,432 spectra

Multiple images
combined into a
composite image

Need a robust and efficient analysis tool 
Multivariate Curve Resolution 



Multivariate Curve Resolution – Mathematical isolation of pure spectral 
components and generation of independent concentration maps
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Jones et al., (2008) J Chemom. 22:482-490 



60 images combined
2-3 biological replicates for WT, CB, CK and PAL
303 cells analyzed
(2.5 x 106 spectra)

MCRMCR

Assignment of spectral signatures Assignment of spectral signatures 
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Mean Intensity of PSI 

Statistical significant of component intensitiesStatistical significant of component intensities

• PSI and PSII intensities were averaged on a per-cell basis
• Nested ANOVA  indicated greatest variance is between strains (99% confidence)

Mean Intensity of PSII 

As phycobilisome is truncated, PSII ↑ while PSI ↓
PSII and PSI are modulated in response to light sensitization

n = 303



ConclusionsConclusions

• Flexibility of Synechocystis  photosynthetic apparatus to changes 
in light sensitization

• Shows the importance of phycobilisome antenna to balance excitation delivery

• Unexpected spatial segregation of photosystems
what is the function of the PSII domains?

• Modulation of photosystems ratio is necessary to ensure linear 
electron transport – proper electron flux 

Where do we go from here?Where do we go from here?
• Hyperspectral confocal fluorescence microscopy is amenable to a wide

variety of systems
Natural, Bio-hybrid, and Biomimetic

• Allows for elucidation of spatial-temporal-spectral relationships at diffraction limited
resolution
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MCR and Other Modalities

Streak Camera Data

Resonance Enhanced 
Raman 

+

Energy Transfer in purple bacteria

Carotenoid distribution in H. pluvialis


