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200 Regulation of the microtubule cytoskeleton
° Yixian ZhengO Dept. Embryol., Carnegie Institution of Washington[D

My lab is interested in understanding microtubule nucleation and spindle assembly. In the area of
microtubule nucleation, we focus on understanding how gamma tubulin ring complex (y TuRC), a key
microtubule nucleator, nucleates microtubules and how it is recruited to the centrosome. We have
characterized 6 of the 6-8 components of the y TuRC. We have also successfully re-constituted a major sub-
complex of they TuRC. These studies have shed light on the assembly and function of they TuRC.

In the area of spindle assembly, my lab as well as other labs have shown that Ran, a small GTPase required
for nucleo-cytoplasmic trafficking, can stimulate spindle assembly in mitosis. Recently, we have shown that
Ran influences spindle assembly by increasing microtubule rescue frequencies and microtubule motor
activities via intermediary cellular factors. We found that at least one of these intermediary factors is importin-
beta, an essential receptor for nuclear importing in interphase. Our studies revealed that RanGTPase uses a
similar mechanism to regulate nuclear transport in interphase and spindle assembly in mitosis.
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10 VISUALIZATION OF PHOSPHOLIPID AND PHOSPHOINOSITIDE METABOLISM IN CELLS
° Glenn Prestwich Dept. Medicinal Chem. Center for Cell Signal., The University of Utah

Cells signal through lipids produced by phospholipid (PL) and phosphoinositide (PIPn) metabolism that
involve three enzymatic processes: (i) ester and phosphodiester hydrolysis by phospholipases (ii)
monophosphate hydrolysis by phosphatases, and (iii) phosphorylation of hydroxy groups by kinases. In
this presentation, | explore three approaches to understanding the dynamics and locations at which these
elaborately choreographed changes occur within cells. First, new chemically-synthesized PIPn and PL
immunogens have been used to produce lipid-selective antibodies. The applications of monoclonal anti-
PI1(3,4,5)P3 IgM and anti-P1(4,5)P2 IgMs will be described in stimulated and unstimulated neutrophils and
fibroblasts; applications in cancer immunohistochemistry will also be illustrated. Second, the intracellular
delivery of PIPns using a novel carrier has been developed and used to visualize (i) PLC-mediated calcium
flux, (ii) cell polarization by PI(3,4,5)P3 that mimics chemokine-induced motility, and (iii) intranucleolar
distribution of a novel PI(5)P-binding PHD protein involved in chromatin remodeling. Third, a novel
fluorogenic substrate for phospholipase A2 has been developed and used for real-time PLA2 activity
measurements, with > 20-fold increase in fluorescence upon hydrolysis. This substrate can be delivered
into living cells using small-molecule carriers, and the spatial and temporal changes in PLA2 activity can be
visualized by confocal microscopy.

20PKCOOOOOOOOODOODOOO
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Protein kinase C (PKC) is known to be acivated by lipid mediators and also play an important role in
various cellular signal transductions. As PKC consists of multiple subtypes, it is important to identify the
individual function of each PKC subtype for understanding the complicated roles of PKC in various
signaling pathways. Using GFP-tagged PKC subtypes, we have analyzed the translocation of PKC in living
cells and demonstrated the subtype-specific translocation of PKC. Furthermore, the activation of each
subtype through different pathways induces distinct translocations resulting in distinct cellular responses.
To elucidate the targeting mechanism of PKC, we further analyzed: 1) spatio-temporal translocation of PKC
subtypes in phagocytosis, 2) the domains responsible for the subtype-specific translocation induced by
various lipid signals, and 3) PKC tageting in the brain of Tet-regulated bitransgenic mice expressing GFP-
tagged PKC. These results showed that subtype- and cell-specific PKC targeting is very important for the
association with PKC substrate and also for the modulation of cellular functions. To elucidate the molecular
function of PKC subtypes within cells, it is necessary to analyze the targeting mechanism of PKC subtypes
in living cells and tissues.
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400 Dynamic imaging of cellular functions
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Signal transduction cascades involve multiple enzymes and are orchestrated by specific protein-protein
interactions. Such dynamics is revealed by optical means such as fluorescence readout. One of our
approaches is to use two GFPs of different colors to permit fluorescence resonance energy transfer (FRET),
which is sensitive to the relative orientation and distance between the two fluorophores and alters the ratio
of their emissions, an ideal readout for fast imaging and confocal microscopy. Cameleons are genetically-
encoded fluorescent indicators for calcium based on FRET. Another approach is to use circularly-permuted
GFP (cpGFP), which is sensitive to environmental changes. We have created calcium-sensitive cpGFP,
pericam. Because cameleons and pericams can be targeted genetically and imaged by our newly-developed
avant-grade microscopy, they offer great promise for monitoring calcium in whole organisms, tissues,
organelles, and submicroscopic environments where measurements were previously impossible. We are
extending optical methods to develop new indicators for visualization of cellular functions, which are
currently assayed by grinding millions of cells. These technologies will allow us to disentangle complex
interplays among many cellular events.
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