Unraveling Spatial & Temporal,... .....
Relationships in Biological Systems

Advanced Analytical Current Applications:
Imaging & Analysis
Tools Host pathogen interactions

Spatio-temporal signaling at immunological
synapse (two receptor systems), membrane

Hyperspectral Fluorescence Imaging specific, simultaneous dual color
_ . _ _ Understanding virulence mechanisms in F.
Vibrational Spectroscopic Imaging Novicida, spatial localization, protein
interactions
TIRF Microsco :
Py Bioenergy
Super Resolution Microscopy Visualize fluorescent proteins, natural

pigments in plants, goals of engineering to
optimize decomposition, understanding

Multivariate Image Analysis energy transfer
_ _ . Analytical measurements for improved algal
Image Correlation, Particle Tracking biofuels production at scale

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of
Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000

Sandia
National
Laboratories




Timlin Lab Research Focus

Unraveling Spatial-Temporal Relationships in
Complex Multicomponent Biological Systems at
Multiple Scales

= Advanced spectroscopy

= |nnovative imaging technologies

= Chemometric data analysis tools
— Multidisciplinary
— Cell biology, immmunology, and microbiology
— Biodefense and Bioenergy
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Receptor Cluster Formation in Immune
Response
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Visualization of Photosynthetic Pigments in

Purpose and Approach

Couple confocal hyperspectral imaging with
multivariate curve resolution to unambiguously
identify fluorescent pigment complexes involved
in energy transfer in wild-type and mutant
bacteria in vivo ... spectral and spatial overlap
makes this impossible by any other technique
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Key Accomplishments

» Developed new image analysis tools
(genetic algorithms, noise models, etc.)
* |[dentified and mathematically separated
6 highly overlapped fluorescence
species common to 7 strains/growth
conditions in vivo
* Tracked spatial patterns
* Relative intensities
» Confirmed thylakoid membrane
heterogeneity
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WJ Vermaas, JA Timlin, HDT Jones, MB Sinclair, LT Nieman, S Hamad, DL Melgaard, and DM Haaland.
2008. “In vivo hyperspectral confocal fluorescence imaging to determine pigment localization and

distribution in cyanobacterial cells.” PNAS

105:4050-4055.
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