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Abstract

Protein Kinase C delta (PKCO) is a newly characterized member of the PKC family, a
group of 11 isozymes classified as serine/threonine protein kinases. This family
plays a critical role in regulating several signal transduction pathways which
modulate cellular events. The general structure is divided in three regions: a
catalytic domain, regulatory domain, and N terminus. PKC6 is a complex molecule
comprised of nine isoforms observed in human (I/VIIl), rat (I/111) and mouse
(1/11/1IV-VI11/IX).? Function differs with cellular location and includes promoting cell
survival, growth and development, tumor suppression and apoptosis. Alternative
expression of the PKCo isoforms has been demonstrated to regulate cellular
differentiation during neurogenesis (PKCSIl) and initiation of apoptosis (PKC6I).2
Unlike conventional PKCs, PKCo is activated by diacylglycerol and phospholipid in a
Ca%*-independent manner. The regulatory domain of PKC6 includes C1 and C2-like
motifs separated by a hinge region (V3), which regulates protein activation. This
model emphasizes the C2-like domain of PKCOI, which targets the protein for
expression at the membrane. Three unique tyrosine residues are significant for
function: Tyrl2 replaces a highly conserved alanine or glycine and is involved in
stabilizing a hydrophobic core of the protein;? Tyr52 is an essential
phosphopeptide regulatory site;3 and Tyr64 regulates nuclear localization of the
protein and induction of apoptosis.* Residues essential for docking binding
partners to this signaling protein include Thr50, a potential docking site for Src
Homology 2 domains,” and a phosphopeptide binding site (Lys48, His62 and
Arg67), which constitutes a hydrophilic motif that initiates interactions with
binding partners.®

Introduction

PKCb is not your typical PKC isoform. The PKC family consists of three different
classes; the classical group which includes o, B, B,, and y, the atypical group,
including n and A/, and lastly, the novel group, which includes 6§, €, and 6 (Figure
1).2 The novel class has many unique qualities. PKCS is unique because it is
calcium independent, binds to a phosphopeptide binding site and has a dual affect
by either stimulating apoptosis or cell growth. PKCo is calcium independent
because the C2-like domain lacks a calcium-binding site. Instead the C2-like
domain is regulated by phosphorylation, and activated by diacylglycerol and
phorbol ester. In addition, the C2-like domain is a selective inhibitor of
translocation and function of the corresponding isozymes; PKCOI and PKCbIIl. PKC6
isoforms were explored in studies of retinoic acid induced differentiation of
human NT2 cells.! Although PKCS | and Il have similar structures, they perform
different functions; PKC6! promotes apoptosis while PKCoIl promotes cell survival
(Figure 2).”
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Figure 2: A schematic diagram of the PKC protein family;
Classical (c), novel (n), and atypical (a).?

Funding Statement
Funding statement.

Story

PKCb | is a 674 amino acid protein which has a C2-like domain located at the N
terminus (Figure 3). PKCS has seven splice variations observed in mouse tissues
and two in rat, and two in human tissues.! It was recently found that the
alternative splicing of PKCS is regulated by insulin in neuronal cells.®

Although the structure of the C2-like domain of the molecule of PKC6 is analogous
to the C2 domains of most proteins, the uniqueness of the binding surfaces found
on the C2-like domain arouse several questions that are now being investigated.
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Figure 2: A diagram of the polarizing roles of PKC6é activity in survival and
apoptosis. Depending upon caspase 3 cleavage of the V3 region of the protein,
PKC& can be involved in either pathway.’

Figure 3: Model of PKC6 C2-like domain. Build
from the BYD1 PDF file.”

What’s the Next Question?

When PKC5S is activated by the immunoglobulin E receptor Tyr52 is
phosphorylated by the Src protein Lyn and serves as a docking site for the SH2 (Src
homology 2) domain of Lyn. The SH2 domain of Lyn acts as a docking site for other
proteins including SHIP-1.1% PKC& may play a role in the regulation of these
proteins and these relationship should be further investigated.
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Figure 4: Mouse embryonic stem ceIIs dlfferentlate into dopaminergic
neurons with retinoic acid (RA) and ciliary neurotrophic factor (CNTF)
treatment. A. mRNA expression of PKCbI vs. PKC6Il in developing neurons. B.
Mouse embryonic stem cell (mES) growth after 2 weeks and C. mES growth
after stimulation with RA and CNTF.}
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Figure 5: Tyr64 is essential to nuclear translocation for initiation of
apoptosis, while Tyr52 is essential for binding to signaling partners. 4

How Do We Know?

Mouse embryonic stem cells (mES) differentiate into neuronal cells after
stimulation with RA and CNTF. This differentiation is accompanied by increased
PKC&Il mRNA expression, which suggests a role of PKC6l1l in neurogenesis. Addition
of brain-derived neurotrophic factor (BDNF) and epidermal growth factor (EGF)
did not increase PKC81l mRNA expression (Figure 4).1

ParC5 (parotid acinar cells) cells were transfected with three plasmids; pWT$,
PY52F6, and pY64Fd (Figure 5). Eighteen hours after transfection, cells were left
untreated (Cont), treated with etoposide (Etop), or phorbol 12-myristate 13-
acetate (PMA). Addition of a negative charge by aspartic acid, which mimics
phosphorylation at T64, is sufficient to target the protein for translocation to the

nucleus, thereby regulating apoptosis by controlling nuclear translocation of
PKC&1.4

Summary

Unlike typical PKCs, the C2-like domain of PKCS is Ca?*-independent and is an
important site for DAG and phospholipid binding. This novel regulation strategy
permits unique and diverse functions to be regulated by PKC6. The opposing
functions of PKCO isoforms suggest various functions that this molecule can take
in promoting a better solution to multiple cancers, Alzheimer’s disease, and even
Parkinson’s disease.
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