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Report Title
Final Report: Spinning Disk Confocal Unit for Observing and Controlling Dynamics in Artificial Cells
ABSTRACT

We propose to purchase a spinning disk confocal unit, to enable high spatial and temporal resolution imaging of dynamic artificial cells. This
instrument will support Department of Defense (DoD) sponsored research efforts by several labs at UCSD, will accelerate progress on a
DoD Multidisciplinary Research Initiative (MURI) related to dynamic artificial cells, and greatly strengthen the education of students with
respect to the research of dynamic artificial cells. The spinning disk confocal unit will enable 4 color imaging of synthetic cells, and will
allow rapid capture of artificial cell dynamics to capture shape changes, growth, and division events. The device will also enable long-term
imaging of dynamics without significant phototoxic side effects. The laser excitation system will also provide rapid photoactivation
capabilities with excellent spatial and temporal resolution. Coupled with photoactivated membrane synthesis and protein modification, this
system will accelerate progress in achieving 4D control over vesicle dynamics and understanding how localization of proteins and lipids can
affect phenomenon such as vesicle shape, size, and protein synthesis. The system will upgrade and interface with an existing Zeiss
Axiobserver Z1 microscope equipped with a Hamamatsu scientific CMOS camera. This microscope is housed in a dedicated microscopy
room provided by the UCSD Department of Chemistry and Biochemistry. This microscopy resource will provide opportunities to educate
and train several graduate students and postdoctoral fellows on a state-of-the-art confocal microscopy system. Students will gain immediate
and long-term access to a dedicated confocal system, facilitating novel and challenging and long time duration experiments to be setup
readily. The proposed spinning disk confocal system would accelerate current DoD support research programs, provide support for research
objectives that are of interest to DoD, and will allow students and postdoctoral fellows to obtain valuable research related education related
to working with high performance optical microscopy systems.
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Controlling Dynamics in Artificial Cells

Acquired equipment and cost

Please see attached purchase order from UCSD (page 4) to the vendor Carl Zeiss Microimaging
Inc. In summary, $200,000 was spent to acquire a 4-laser spinning disc confocal unit with a
Direct FRAP (fluorescence recovery after photobleaching) add-on for photoactivation studies.
The instrument was purchased in September 2015 and was installed in January 2016. There was
a delay due to the requirement that equipment required shipment to Germany and back to our
lab.

Figure 1. Left: Photograph of the spinning disc confocal microscope. Right: closeup of the
spinning disc confocal unit

Summary of the research projects on which equipment has been or will be used

The instrument supports Department of Defense sponsored research efforts by several labs at
UCSD, and was primarily used on a Department of Defense Multidisciplinary Research Initiative
(MURI) related to dynamic artificial cells. The instrument has supported two DoD funded
projects at UCSD. The first is a Multidisciplinary University Research Initiative (MURI) funded
by the DoD Army Research Office (ARO) entitled “Dynamic Artificial Cells Composed of
Synthetic Bioorthogonal Membranes” (W91 1NF-13-1-0383). The second project is a DoD U.S.
Army Construction Engineering Research Lab (CERL) project entitled “Controlling Functional
Group Architecture in Artificial Cells” (W9132T-14-2-0002).

Exemplary DoD relevant research projects for which the microscope has been used

Imaging De novo phospholipid vesicle formation using a single soluble enzyme:

Linking gene expression with phospholipid formation with high efficiency and selectivity is an
important goal in the pursuit of synthesizing artificial cells. We designed a non-natural enzyme
based method for de novo formation of phospholipid vesicles from simple water soluble
precursors. We utilized a soluble mycobacterial enzyme FadD10 to generate fatty acyl
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