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In this study, we focus on the identification of molecular machinery in
cells regulating or adjusting the binding affinity of KIF5C (Kinesin 1) to microtubules, of which
the importance has been highlighted after the analysis of KIF5C mutants found in patients with
severe malformations of cortical development and microcephaly. We made several KIF5C binding
constructs to mimic selective binding and have established KIF5C-TurbolD and KIF5C-APEX2 to label
key protein players in semi-intact cortical neurons. We are now proceeding to hits identification
using mass spectrometry analyses. We expect to reveal key regulators of KIF5C binding that could be
potentially helpful for early diagnosis and treatment of the related brain diseases.
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neuron cells

Microtubules (MTs) are well known as

highways for intracellular transport. MTs

are organized by the centrosome and

participate in cell polarity and mitotic
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microscopy found that the organization of KIF5C transports various cargos on axon
MT and the inter-centrosome linker are both  Fig 1. KIF5C transports various cargos along
interdigitated in interphase to keep axon MTs in dimer. However, how does
centrioles close and maintain cell polarity (Li ~ KIF5C bind to MTs and how this process is
et al.,, PNAS, 2018). The functional and controlled are not yet well understood.
stability of MTs are altered by its conformation and modification. KIF5 (Kinesin-1) is
essential motor protein. KIF5 dimerizes and undergoes polarized transport due to
preferentially binding to GTP-tubulin-rich MTs. In motor neurons, KIF5C dimerizes and
transports various cargos along axon MTs (Figure 1). Knockout of KIF5C in mice leads to
smaller brain size and loss of motor neurons. p.Glu237Val mutation in K/F5C is found to
cause severe malformations of cortical development and microcephaly in patients.
Interestingly, this mutation in KIF5C does not affect the binding ability but the affinity to
MTs, besides the defect in ATP hydrolysis. It suggests that besides the ATP hydrolysis ability
and MT binding ability, affinity to MTs is also critical for proper KIF5C function. Efforts have
been made to study the affinity of KIF5C to MTs. Our lab showed two types of KIF5C affinity
to MTs in vitro (Figure 2 & 3). Later, our preliminary data discovered two more types of
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avoid not only the low this proposal. It is found that KIF5C binds to MTs in four types of
efficiency in genetic affinities in vivo but only two types in vitro. It is therefore
manipulation in neurons suggested that additional proteins inhibit or facilitate KIF5C
but also high background loading on MTs in vivo. This project is going to identify the

of conventional Proximity- additional players and study the mechanisms behind.



based TurbolD protein labelling, it is planned in this project to perform TurbolD in semi-
intact neuron cells. Through adding purified KIF5C-TurbolD dimer, biotin and AMPPNP into
semi-intact neuron cells, KIF5C-TurbolD dimers will be loaded and locked onto MTs, then
the proteins in proximity of KIF5C will be labelled with biotin by TurbolD. Unspecifically
labelled proteins will be washed out. Later, the biotinylated proteins will be identified via
mass spectrometry. This study will provide a feasible method of study interactors with
increased efficiency in highly differentiated cells. By identify the inhibitory and helper
proteins of KIF5C that alters the binding affinity to MTs, it is expected to uncover the yet
unknown mechanism in controlling of KIF5C affinity to MTs in neurons. With a better
knowledge of affinity control of KIF5C, it is promising to develop therapeutic treatment for

patients with KIF5C defects in the future.

This study will construct various KIF5C TurbolD constructs with different binding affinity
to microtubules and perform TurbolD in semi-intact neuron cells. Through TurbolD-based
proximity labeling under different conditions, the protein of interests will be identified in

later mass spectrometry.

(1). In vitro neuron cell differentiation and culture conditions for cortical neurons are
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cell differentiation and culture
conditions for cortical neurons.
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and in vitro culture time are

optimized.
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(2). Various KIF5C constructs with different binding affinity to microtubules are verified.

MT binding assay of different KIF5C constructs: Fig 4. KIF5C Wild type without the
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aa 1-381 with mutations on L12a5 (here
M), and KIF5C Truncated aa 315-
381(here T) are purified in E.coli and the

are verified. WT binds to MTs whereas M

and T cannot bind to MTs.



(3). Various KIF5C-TurbolD heterodimer constructs are purified using Akta.

Different KIFSC-TurbolD constructs (heterodimer): Purification of KIFSC M-EGFP / TurbolD-KIF5C aa 325-381 heterodimer
MCS 1 MCS 2 s e
WT NS EGFP Histag* 8 TurbolD I KIF5C aa 325381

M KIF5C aa 1-381(L12a5) EGFP His-tag * 8 TurbolD Bl <iF5C aa 325-381

T KIF5C aa 315-381 [ EGFP His-tag* 8 TurbolD I KiF5C aa 325381
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Fig 5. Various KIF5C TurbolD constructs and the purifications using Akta.

(4). The difference of binding affinity of KIF5C TurbolD heterodimers to microtubules are

confirmed.
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Fig 6. The difference in microtubule binding affinity of various KIF5C TurbolD constructs are
confirmed by MT sedimentation assay. In line with the previous MT binding assay, only KIF5C

WT heterodimer binds to microtubules.

(5). The binding affinity of KIF5C WT TurbolD to microtubules is excessively high, regardless

of the stability of microtubules.
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(6). Switch the proximity labeling method from TurbolD to APEX2, for rapid and specific
labeling.

Different KIF5C-APEX2 constructs (heterodimer):

MCS 1 MCS 2

WT ST EGFP His-tag * 8 APEX2 I KiF5C aa 325-381
M KIF5C aa 1-381(L12a5) EGFP His-tag * 8 APEX2 I <iF5C aa 325-381
T KIFSC aa 315-381 [ EGFP His-tag * 8 APEX2 I KiF5C aa 325-381

Purification of KIFSC WT-EGFP / APEX2-KIF5C aa325-381 heterodimer

) IV 2_488 Cond % Run Log Fraction

Inpu{ ) 30 31 32 33 34 35 36 a7 38 39 40 41
E}UZ 19 185 20 205 21 215 22 225 23 235
Aend — -
— - &1
. - -
- - -
KIF5C WT-EGFP ' P mgw — — 75kDa
... W 50kDa
- - W 37kDa
APEX2-KIF5C aa 325-381 - - . e
-

Fig 8. Constructs of KIF5C APEX2 and purification of KIF5C WT APEX2 using Akta.

Summary:

In this study, isolated and differentiated cortical neurons from mice embryos were used. To
identify the key protein players, we used proximity-based labelling method KIF5C-TurbolD
in semi-intact cortical neuron cells. We made several KIF5C binding constructs to mimic
selective binding and established the protocol to let in vitro purified dimerized active KIF5C-
TurbolD proteins bind to MTs of the semi-intact cortical neurons and label the proteins in

close proximity.

However, due to the highly active labelling efficiency and long required labeling time (~18h)
of TurbolD, it is prone to have many false-positive hits identified and is difficult to control
the labelling process. Therefore, we decided to switch our system to the newly introduced
proximity labeling methods APEX2. APEX2 has a lower labeling activity and a rapid labeling
time (~10 min). Currently, we have optimized the labeling of KIF5C-APEX2 in semi-intact

cortical neuron cells and are proceeding to the next steps.






