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The yin and yang of
nuclear envelope
breakdown through the
activity of phosphatase
holoenzyme
PP2A-B55°Y 6
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Cell division is a highly regulated
and guardedly orchestrated pro-
cess including nuclear envelope
breakdown (NEBD). A recent study
from Kapoor, Adhikary, and Kotak
identifies the symphonic role of a
phosphatase holoenzyme in NEBD.

The yin and yang of protein phosphoryla-
tion and signaling (Figure 1, top panel) [1]
symbolizes a balance between two oppo-
site forces. The reversibility of protein
phosphorylation may not always be a sim-
ple on-or-off switch leading to signaling
and amplification, but rather may be a har-
monic opposition of forces toward an out-
come (Figure 1) [1]. In higher eukaryotes,
the phosphorylation balance coordinates
NEBD and ensures the accurate segrega-
tion of the genetic material. NEBD is a fork
in the road of mitosis. The correct, well-
timed path allows microtubule/mitotic
spindle connections to the chromatids for
the segregation toward metaphase plate
alignment and continued cell division. The
misguided path leads to incomplete nu-
clear envelope (NE) disassembly, im-
proper segregation, and multinucleation.

Several lines of evidence point to kinase-
directed phosphorylation at the onset of
mitosis as the primary regulatory mecha-
nism of NEBD [2-5]. Substates of these
kinases are mainly found in the NE, nuclear
pore complex (NPC), and nuclear lamina

(Figure 1, bottom panel) [5]. The possible
role of phosphatase and the total balance
between kinases and phosphatases in
mitotic NEBD is largely neglected. Yet, it
is recognized that the erroneous activity
of phosphatases can lead to tumorigene-
sis [6]. The holoenzyme PP2A-B55 is
one of the major serine/threonine phos-
phatases involved in controlling many
signaling cascades [6]. The trimeric
holoenzyme consists of a catalytic (C),
scaffold (A), and regulatory (B) subunit.
Cryogenic electron microscopy (cryo-
EM) structures of PP2A-B55 holoenzyme
confirm multiple binding sites on the reg-
ulatory B55 subunit for substrate and in-
hibitor exchange, starts to provide a
molecular roadmap to the design of
PP2A-B55 [7]. Several lines of evidence
point to its potential role as a tumor
suppressor [6]. Hence, misregulation
from its B subunit may lift its constancy.
Overexpression of cancerous inhibi-
tors of PP2A-B55 is found in a variety
of human cancers, including breast,
ovarian, colon, and non-small cell lung
carcinoma [6].

A recent paper by Kapoor, Adhikary, and
Kotak in Cell Reports characterizes an un-
anticipated role of the PP2A phosphatase
B555UR6 (PP2A-B55°UR6) holoenzyme
activity in NEBD (Figure 1, bottom panel)
[8]. B55°YF serves as a regulatory B
subunit within this holoenzyme [8]. The
authors used the cell division of the one-
cell Caenorhabditis elegans embryo to
investigate NEBD during the first embry-
onic division. Mitotic spindles form outside
the NE, and the whole NE, must disinte-
grate to facilitate chromosome separation.
This study identified PP2A-B55°YF€ as
essential for timely nuclear envelope per-
meabilization (NEP) and complete NE dis-
assembly. This discovery helps greatly to
simplify the yin and yang vision of signals
harmonizing NEBD (Figure 1, bottom
panel). It also reveals that PP2A-B55°V76
targets multiple paths to synchronize the
onset of accurate NEBD.
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Drivers of NEBD are the yin and yang bal-
ance of kinase/phosphatase at the NE/
NPC/lamina and microtubule and dynein-
dependent forces inside and outside the
nucleus and at the NE [5,8,9]. The forma-
tion of the mitotic spindles rests outside
of intact pre-mitotic NE. At the NE, signals
need to begin to cue the dismantling of
the NPC and depolymerization of the
lamina. NEBD leads to the collapse of
the Ran-GTP gradient, puts a hold on nu-
clear transport, and produces a mixture
of nuclear and cytoplasmic macromole-
cules for NEP [5]. Mitotic spindles are
free to direct microtubular attachment to
the centromere-formed kinetochores of
the chromatids and eventual metaphase
plate formation.

In Kapoor, Adhikary, and Kotak’s Cell
Reports article, the major evidence is
the knockdown of B555Y7-8 | |eading to
multi-nuclei formation and lack of micro-
tubule movement [8], as previously seen
in temperature-sensitive mutants [10].
Throughout PP2A-B555YF-€  deletion,
NPC stays intact, lamin fails to be torn
or broken away from the NE, and im-
proper segregation occurs. These results
illustrate the importance of a functional
complete phosphatase in NEBD. The ho-
loenzyme PP2A-B55°Y7 is essential for
the well-timed tearing down of NE by bring-
ing together microtubular/dynein forces,
dismantling the NPC, and ripping the
lamin (LMN-1) away from the NE (Figure 1).

These findings add to the significance of
PP2A-B55 activity in mitosis, and its criti-
cal regulatory function, and warrant char-
acterizing disease-associated mutations
and potential avenues to target this holo-
enzyme therapeutically [7,8]. In this case,
PP2A-B555Y76  specifically the B55°VF©
subunit, begins to meet the criteria of
tumor suppressor gene by embodying
the opposing force to maintain the yin
and yang governing NEBD and, there-
fore, the harmony of cell proliferation [8].
Further structural studies combined with
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Figure 1. The yin and yang of protein phosphorylation and signaling. Top panel, taijitu, symbolizes a
balance between two opposite forces. PP2A-B55°"C_reliant nuclear envelope (NE) disassembly at the first-
embryonic division of Caenorhabditis elegans. Within the embryos, the import of PP2A-B555Y7€ into the
nucleus harmonizes the progress of dismantling the NE by removing phosphates from the lamina LMN-1
(purple) and nuclear pore complex (NPC) (blue-green), while altering microtubular/dynein organization (not
shown), leading to eventual nuclear envelope breakdown (NEBD) (bottom panel).
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phosphoproteomics analysis of PP2A-
B555Y6 will allow for the identification
of dephosphorylation sites on LMN-1,
several Nups, and possible microtubule/
dynein substrates [8]. In summary, the
yin and yang balance of NEBD is a signif-
icant step in mitosis and the harmonic
control by PP2A-B555YF6 makes it a tar-
get for therapeutic development.
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