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Article Addendum

Neuronal CaMKIl acts as a structural kinase
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CaMKII, calcium/calmodulin dependent protein kinase, is an
active kinase in the cell that phosphorylates a number of substrates
including several cytoskeletal and signaling proteins. In addition to
kinase activity, the f§ isoform of CaMKII also contains an F-actin
binding region. We recently identified a new F-actin rich struc-
ture in developing cortical neurons that endogenous CaMKIIB
bound. In nonneuronal cells and dendrite spines of hippocampal
neurons where an interaction between CaMKIIf and F-actin has
been identified, CaMKIIf was involved in regulating the differ-
entiation of dendrite spines and formation of synapses. In this
study, we took advantage of the temporal and spatial regulation of
CaMKII isoforms to reveal a specific role for CaMKII in binding
and stability of a novel F-actin rich structure. We used FRAP and
colocalization assays in this CaMKIIf rich system to demonstrate
a structural, rather than enzymatic, role of CaMKIIf. In this
addendum, we further discuss the significance of this study and the
possible implication to the field.

CaMKII is an evolutionarily conserved multimeric protein
encoded by four isoforms in higher vertebrates: o, B, y and 8.!
CaMKII is an abundant protein and constitutes up to 1-2% of total
protein in the adult brain.?? Although all isoforms of CaMKII can
be found in the brain, CaMKIla and 3 predominate and preferen-
tially form o and B holoenzymes and o heteroenzymes.2# CaMKII
isoform expression in the brain is developmentally and spatially regu-
lated in vivo and in vitro. In the cerebral cortex CaMKIIf expression
is detected embryonically, while CaMKIIo expression is postnatal.>”
CaMKII isoforms share 70-90% sequence homology and consist
of a catalytic, regulatory, variable and oligomerization domains.®
The variable domain of CaMKII is alternatively spliced which alters
subcellular localization and enzymatic attributes of the enzyme.”1°
In the variable domain of CaMKIIf lies a F-actin binding domain
that targets expressed CaMKIIp to actin filaments in stress fibers and

dendrite spines.!!"1? We recently found that endogenous CaMKIIB
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was highly enriched in a unique F-actin rich structure in developing
cortical neurons.'* This subcellular localization was pronounced and
specific to CaMKIIB (Fig. 1).

In addition to variable regions among the CaMKII isoforms,
oligomerization is important for proper CaMKII localization. For
example, monomeric CaMKIIP, which lacks an oligomerization
domain, does not colocalize with F-actin even though the F-actin
binding domain is intact.'"* Although the F-actin binding domain
in CaMKIIB may be unique and required for CaMKIIP targeting
to F-actin, the domain itself is not sufficient to bind F-actin
directly.'>!% CaMKII§ binds to F-actin likely via a non-variable
domain of the § isoform that also requires oligomerization.!>1¢
This further emphasizes that proper assembly of the oligomer may
be crucial for formation of a secondary structure which allows
CaMKIIP to anchor to actin filaments. In addition, all four isoforms
of CaMKII can freely hetero-oligomerize via their oligomerization
domains and the isoform composition of CaMKII influences enzyme
localization.?!317 For example two CaMKII subunits are sufficient
for targeting the holoenzyme to cortical F-actin.!?

CaMKII is readily activated in response to fluctuations of
cellular calcium concentrations. Calcium induces calcium/calm-
odulin binding followed by two phosphorylation events.!® The first
of these is phosphorylation of T286 (in @) or T287 (in B, y and d)
by a neighboring calcium/calmodulin-bound subunit. T286/7 auto-
phosphorylated CaMKII is enzymatically active, but a subsequent
calcium/calmodulin-independent phosphorylation at T305/306
suppresses the total enzymatic activity. The calcium/calmodulin-
binding site of CaMKIIf is adjacent to the F-actin binding domain.
The activation of CaMKIIf via calcium/calmodulin binding likely
masks the F-actin binding site and therefore, competes with F-actin
binding for CaMKIIf. We used KN93, which binds to the calcium/
calmodulin binding site of CaMKII, and demonstrated that calcium/
calmodulin binding was required to dissociate CaMKIIf from
F-actin.! We further confirmed this by examining a mutant that
cannot bind calcium/calmodulin, CaMKIIB-A303R, and found that
it bound F-actin similarly to wild-type CaMKIIP. Likewise kinase
and phosphorylation deficient mutants associated with F-actin to
the same degree as wild-type CaMKIIB whereas activated CaMKII
dissociated from F-actin.'# This data indicates that even though a
kinase and capable of phosphorylating actin!® the kinase activity of
CaMKIIB was not required for F-actin binding. Our findings are
consistent with biochemical studies indicating that dissociation of
CaMKIIB from F-actin requires calcium/calmodulin binding, but
not kinase activity,!1-12.14
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CaMKIIB binding stabilizes F-actin filaments

Figure 1. CaMKIIB (red) highly colocalizes with F-actin (green) in discrete
F-actin rich structures in an embryonic cortical neuron. These F-actin rich
protrusions are enriched around or underneath the cell body. CaMKIIB bind-
ing to F-actin is regulated by calcium signals and is important for the F-actin
filament stability. Image courtesy of Yu-Chih Lin and Lori Redmond.

We found that wild-type, calcium/calmodulin binding deficient,
and kinase deficient CaMKIIP increased the prominence of F-actin
rich structures whereas active CaMKIIf did not. This ability of
CaMKIIB to promote the F-actin rich structures was directly tied
to CaMKIIB binding to F-actin. When CaMKIIf—F-actin binding
was tight, F-actin rich structures were more prominent and when
binding was weak, prominence decreased.® This strong binding of
CaMKIIB to actin filaments and the loss of the F-actin rich struc-
tures after disruption of CaMKIIB—F-actin binding are consistent
with a role for CaMKIIp in actin stabilization and bundling in vivo
and in vitro.!%20

In summary, our work suggests that it is CaMKIIf binding to
F-actin that is the key to CaMKIIf’s ability to regulate actin filament
stability. Although several kinases have been shown to bind F-actin
and regulate actin dynamics, CaMKIIP is unique in that it regu-
lates the cytoskeleton independent of its kinase activity. CaMKIIf’s
dual function, structural and enzymatic, expands it’s role in cellular
signaling, and suggests CaMKIIf, and by inference other enzymes,

lacks a purely inactive or nonfunctional state.
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