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\\‘/) Question — Does a diminished light-harvesting antenna change the

'PARC | pigment distribution and organization in thylakoid membranes?
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Combine spatial and spectral information
at the subcellular location using hyperspectral
confocal fluorescence microscopy (HCFM)




Synechocystis mutants — Progressive truncation of the phycobilisome
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Hyperspectral Confocal Fluorescence Microscopy -

2009 R&D100
Award Winner

M. B. Sinclair, et. al. Applied Optics,
45, 6283-6291 (2006)

* Custom built

* Lateral res. = 250 nm

* Axial res. = ~0.6 um

* Spectral range 490-800 nm

* Spectral res. = 1-3 nm

* Acquisition rate = 4100 spectra/s



Hyperspectral Confocal Fluorescence Microscopy - Records an entire
emission spectrum at each spatial voxel

2009 R&D100
Award Winner

M. B. Sinclair, et. al. Applied Optics,

45, 6283-6291 (2006)

® Custom built
* Lateral res. = 250 nm
* Axial res. = ~0.6 um
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* Spectral range 490-800 nm

* Spectral res. = 1-3 nm
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Need a robust and efficient analysis tool
Multivariate Curve Resolution
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Multivariate Curve Resolution — Mathematical isolation of pure spectral
-G components and generation of independent concentration maps

Multivariate Curve Resolution (MCR)

=Assumptions
= Linear additive model: D=CS™+ E
= # of components can be estimated
= Solve D = CST with constrained alternating
{rigorous) least squares methods
= Non-negativity constrained pure components
Y| (S) and concentrations {C)
= Sandia proprietary software (very fast and
memory efficient)
= ~1,000,000 spectra, PCA and MCR =25
min, 10 components, 50 iterations

Calibrate x-axis

despike WHERE?
PCA analysis WHAT? HOWMUCH?
Spectral Concentration
Preprocess Components Maps

Random #s, literature, PCA
Results normalized

Initial Estimates

Jones et al., (2008) J Chemom. 22:482-490



Intensity (counts)

PARC

60 images combined

2-3 biological replicates for WT, CB, CK and PAL

303 cells analyzed
(2.5 x 108 spectra)
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MRC derived concentration maps — Reveals subcellular location and
relative quantification of light-harvesting antenna
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Collins AM, Liberton M, et. al. (2012). Plant Physiology. DOI:10.1104/pp.111.192849



MRC derived concentration maps — Reveals subcellular location and
relative quantification of light-harvesting antenna
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MRC derived concentration maps — Reveals subcellular location and
relative quantification of light-harvesting antenna
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MRC derived concentration maps — Reveals subcellular location and
relative quantification of light-harvesting antenna
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MRC derived concentration maps — PSII/PSI ratio highlights spatial
segregation of the two photosystems
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Statistical 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)
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= Conclusions

* 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 PSIl domains?

* Modulation of photosystems ratio is necessary to ensure linear
electron transport — proper electron flux

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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IZ-G{e3 Carotenoid Distribution in Living Cells of Haematococcus

pluvialis (Chlorophyceae)
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In vivo hyperspectral confocal fluorescence imaging
to determine pigment localization and distribution

in cyanobacterial cells
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Hyperspectral confocal fluorescence imaging provides the oppor-
tunity to obtain individual fluorescence emission spectra in small
(=0.03-pm3) volumes. Using multivariate curve resolution, individ-
ual fluorescence components can be resolved, and their intensities
can be calculated. Here we localize, in vivo, photosynthesis-related
pigments (chlorophylls, phycobilins, and carotenoids) in wild-type
and mutant cells of the cyanobacterium Synechocystis sp. PCC
6803. Cells were excited at 488 nm, exciting primarily phycobilins
and carotenoids. Fluorescence from phycocyanin, allophycocyanin,
allophycocyanin-B/terminal emitter, and chlorophyll a was re-
solved. Moreover, resonance-enhanced Raman signals and very
weak fluarescence fram caratenaids were ohserved. Phvcobilin

cytoplasmic membrane of cyanobacteria, whereas Chl is not (6,
7). Additional light-harvesting capability, primarily for PS 11, is
provided by phycobilisomes, which are pigment-binding com-
plexes in the cytoplasm that associate with thylakoids to enable
energy transfer to Chl (8, 9). Phycocyanin (PC), allophycocyanin
(APC), and allophycocyanin-B (APC-B) are the main phyco-
bilisome pigments in Synechocystis sp. PCC 6803 (10).

Chl and phycobilisome pigments fluoresce at room tempera-
ture with spectral maxima in the 640- to 700-nm range. PC emits
fluorescence with an =650-nm maximum, APC at 665 nm, and
APC-B at 675 nm, and the main emission wavelength of Chl is
at ARS nm (11)Y Phvenhilisnmes are hiohlv flnareseent in isnlated




MCR and Other Modalities

Energy Transfer in purple bacteria
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