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Development of single—cell analysis systems for discerning
neural circuits in the mammalian brain
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Summary of thesis contents

The assembly of neural circuits that is responsible for higher brain function relies on
tightly interconnected neurons, which are diverse in molecular, morphological,
physiological and functional properties. Approaches for imaging isolated single
neurons would help researchers to characterize the complex organization of neural
circuits in the mammalian brain. For this purpose, the Supernova system was
developed (Mizuno, Luo et al., 2014). This system consists of two vectors:
tetracycline response element (TRE)-Cre and
CAG-loxP-STOP-loxP-RFP-ires-tTA-WPRE. In the cells transfected with the
Supernova vector set, leakage of TRE drives the weak expression of Cre and,
subsequently, RFP and tTA in a very small population of cells. Then only in these
cells, the expression of RFP was facilitated by the positive feedback of the tTA-TRE
cycles. | evaluated sparseness and brightness of the Supernova-mediated labeling. |
guantitatively examined the sparseness of the Supernova labeling and showed that
Supernova vectors introduced by in utero electroporation labeled less than 10% of
transfected neurons in the cortex at postnatal day 16. | also revealed that more than
half of Supernova-labeled neurons exhibited high intensity of neuronal labeling, by
which I could clearly observe the whole dendritic morphologies.

In the subsequent studies, | refined and expanded the Supernova system in
several aspects. First, | developed the Flpe/FRT-based Supernova system, which
consists of TRE-Flpe and CAG-FRT-STOP-FRT-RFP-ires-tTA-WPRE. By comparing
the Flpe/FRT-based and original Cre/loxP-based Supernova systems in cortical
neurons transfected, |I found that the Flpe/FRT-based system shows much more
excellent properties in sparseness and brightness than the Cre/loxP-based one.
Importantly, the Flpe/FRT-based system achieved neuronal labeling with essentially
no background (few darkly labeled neurons). By taking advantage of these features, |
was able to image the whole cellular morphology of a single callosal projection

neuron in the intact young adult mouse brain. In addition to the Flpe/FRT-based
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Supernova system, | constructed a Dre/Rox-based Supernova system. | showed that
both of these two systems could be used for neuronal labeling even in Cre expressing
transgenic mice. Second, | developed an adeno-associated virus (AAV)-based
Supernova system and successfully used it to visualize isolated single hippocampal
CA1l pyramidal neurons. This system makes the Supernova labeling even more
flexible to use than the in utero electroporation-based system, because the AAV-based
system has no brain region limitation and is suitable for labeling in cells in elder
mice.

The original Cre/loxP-based Supernova system was designed to enable
labeled-cell-specific gene knockout when it is combined with floxed mouse lines, in
which the essential region of each of target genes was flanked by two loxP sites. To
evaluate the efficiency, | transfected the Cre/loxP-based Supernova vectors into
hippocampal CA1l neurons in a2-Chimaerin (a2-Chn) flox/flox mice by in utero
electroporation. | found that almost all of Supernova-labeled neurons showed a
deletion of «2-Chn protein expression and this deletion was observed only in
Supernova-labeled neurons. These results indicate the high-efficiency of the
Supernova system for labeled-cell-specific knockout of endogenous genes.

In order to save time and efforts for generating floxed mice, methods that
can manipulate target gene expression in individual cells in wild-type mice would be
required. For the purpose, | combined the RNA inference technique with the
Supernova system. By electroporation of constructed Supernova-mediated expression
vectors carrying shRNA against target genes, | efficiently reduced the expression
level of reporter genes in sparsely labeled cortical neurons in two lines of Cre-reporter
mice. Moreover, | also adapted target transcription activator-like effector nuclease
(TALEN)-based genome editing technology to Supernova system and successfully
inhibited the expression of an endogenous gene, a2-Chn, in wild-type hippocampal
CA1l pyramidal neurons. To my knowledge, this is the first report for manipulation of

an endogenous gene in isolated individual cells in wild-type individuals.
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In summary, the original and improved Supernova systems are general
methods to label a sparse population of cells with high fluorescent intensity and
essentially little background, and enables simultaneous gene manipulation in these
labeled cells. Thus, Supernova system is a promising tool to elucidate the cellular and
molecular mechanisms underlying neural circuit development and function at single

cell level.
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Summary of the results of the doctoral thesis screening
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