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Background & Significance

Understanding how neurons develop early in an organism’s life is vital;
however, there is no easy toolkit to do so.
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1) Neurons carry signals in the brain. Synapses pass signal from the pre-synaptic
neuron to the post-synaptic neuron. The number of synapses between neurons is
quite important for neural signaling. Figure from Singh, 2024.

| Hevin 3) Ramirez et al. show that Hevin, or
SPARC-like 1, both helps refine and
destroy thalamocortical synapses in its
whole and cleaved form, respectively.
This is a unique behavior that lends
RARIENAR; itself to further study.
synapse
* refinement The thalamocortex system is the
‘ primary sensory relay circuit through
which sensory information is
transmitted to the cerebral cortex.

Figure from Ramirez et al., 2026.

Interrogation or utilization of the
Hevin synapse assembly/destruction
system would advance
neurodevelopmental research.

However, we cannot do this using
current methods, and at the
granular scale we would like.
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2) Much like in humans, synapses form in mice during their developmental period (above). The brain initially
over-creates synaptic connections, then coordinates destruction of the excess. This process of synaptic
destruction is linked to autism spectrum disorder and schizophrenia.

The cleavage itself is coordinated between two non-neuron cells in the brain — astrocytes and microglia
(below). How exactly the astrocytes and microglia coordinated this process was unknown until recently.

Figure above from Ramirez et al., 2026; figure below from Liu et al., 2020.
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Prior Work
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Optogenetics are a viable, widely-used method for in vivo manipulation. Placing a fiber optic
probe into a mouse brain is relatively routine (left; Doronina-Amitonova et al., 2013).

The PhoCI2f protein (right; sequence from Lu et al., 2021) has been used before in studies of
zebrafish development (below; Brown et al., 2022) via rational design.

PhoCl no irradiation eye irradiation Yeast surface

§ g Yeast surface display is a widely-used method of
o g generating binders, often using fluorescence-
o °® activated cell sorting (FACS). Figure from Chao et
35

al., 2006.
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Innovation

Can we place the Hevin system under optogenetic control?
* First optogenetic tool for in vivo synaptogenic control via Hevin.

* Why? Allows for granular control of where and when synapses cleave,
rather than full-thalamocortex synapse cleavage or expression.

* First engineered variant of Hevin with increased TLR4 binding affinity.

* Why? Ensures that more cleaved Hevin reaches the signaling protein
required to enable synapse cleavage.



Aim 1: Make Hevin Photocleavable

By making Hevin cleavable optogenetically rather than via a protease, we can control when and

where Hevin cleaves, bringing this tool under our control for the first time. x
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We combine the wild-type Hevin protein (top left; sequence from UniProt)
with the PhoCl2f protein (top right, sequence from Lu et al., 2021) which
is cleaved optogenetically; this forms the structure seen on the bottom,
which is hypothetically photocleavable and retains activity due to its

specific location of insertion.
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1) Protein production will occur in HEK293 cells; purification will be facilitated by an N-terminal
FLAG tag (figure from Creative Biolabs). 2) Western blot will be used to examine production against

wild-type Hevin. Western blot will additionally be used to confirm photocleavage in 405nm-
exposed construct (Figure from Rockland Immunochemicals). 3) Surface plasmon resonance will be

used to confirm synaptogenic function conservation (figure from Jackson ImmunoResearch)
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Aim 2: Increase Hevin-TLR4 Binding ;

Increasing Hevin’s binding to its signal molecule will help offset the non-100% efficiency of PhoCI2f (88%).
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Figure 1 Diagrammatic representation of the dose response curves for two concentrations of reversibly
competitive antagonist B on the effect of an agonist A. The value taken for response can be any value but
typically 50% is used. The first curve is without antagonist, the second two are with increasing concentrations
of antagonist

1) Yeast display and FACS will be used to screen for variants with higher
binding affinity to fluorophore-conjugated TLR4 (Figure from Lahti et al.,
2009). 2) Serial dilution ELISA will be used to differentiate highest-
performing mutants (figure from Wikipedia). 3) Protein production,

photocleavage, and synaptogenic function will all be tested as described
in Aim 1.

Solvent exposure analysis was used to identify free residues for site-
saturation mutagenesis. 29 residues within the non-synaptogenic region
were selected.




Aim 3: Confirm In Vivo Function

Our system is not perfect if it does not work in vivo.
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3) We examine cleavage in vivo by delivering 405nm light to
the thalamocortex and comparing the number of
thalamocortical synapses to wild-type via microscopy.
Figure from Doronina-Amitonova et al., 2013.

1) We deliver the modified construct from Aim 2 via an adeno- ’
associated virus (AAV). This is a well-studied delivery method.
Figure from Zhou et al., 2022.
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