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AL Em X H The nucleoporin ELLYS/Mel28 governs formation of nuclear envelope (NE)
subdomains in post-mitosis
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Background:

The eukaryotic nucleus is separated from the cytoplasm by the nuclear envelope (NE), containing thousands of
nuclear pore complexes (NPCs), which mediate the transport across the NE. In mammalian cells, a filamentous
meshwork of A-type lamin (lamin A/C) and B-type lamin (lamin B) called the nuclear lamina, lies beneath the
NE. Localization and distribution of the NPCs and lamins determine the A-type lamin-rich/NPC-free and B-type
laminrich/NPC-rich subdomains on the assembled NE during interphase, which correlate with the core region and the
noncore region on mitotic chromosomes, respectively. As the lamina and their binding partners are linked to various
human diseases, it is of special interest how the lamina collaborates with other nuclear components in the formation
and maintenance of the nuclear architecture.

During “open” mitosis the NE, the NPCs and the lamina are disassembled to allow formation of a mitotic spindle,
requiring them to rearrange in a spatially and temporally organized manner on chromosomes at the end of mitosis.
The interdependence of the NE and NPC assembly is not fully understood.

While only little is known about the reformation of the NE, significant progress has been made to understand the
postmitotic assembly of the NPC, which consists of ~30 different NPC proteins, also designated as nucleoporins (nups).
Essential for post-mitotic NPC assembly is the nucleoporin ELYS/Mel28. ELYS/Mel28 acts to “seed” the NPC on
chromosomes through interaction with the Nupl107-160 complex, a NPC subcomplex, and sequential recruitment of
other nucleoporins. In addition, ELYS/Mel28 localizes together with the Nupl07-160 complex to kinetochores, where

its role in mitotic spindle formation is unclear so far.

Aim of this study:
The aim of the present study was to address how NPC and NE interact during post-mitotic reassembly by



establishing experimental systems to analyze NE and NPC assembly in HeLa cells in vivo by live imaging and in vitro

by indirect immunofluorescent staining.

Summary of results:

The present study gives new insights into the coordination of NPC and NE formation and focuses on functions
of the essential nucleoporin ELYS/Mel28 during mitosis. Based on RNAi-induced knockdown of ELYS/Mel28 in
HeLa cells, immunofluorescence (IF) and live imaging data revealed that depletion of ELYS/Mel28 directly inhibits
the membrane bound NE protein lamin B receptor (LBR) from binding to mitotic chromatin and A-type lamin-
binding proteins like emerin from accumulating at the core region on mitotic chromosomes. RNAi knockdown
of nucleoporins, which are recruited during NPC formation, demonstrated that ELYS/Mel28 has a specific role
in recruiting the LBR to mitotic chromosomes, which was further confirmed by biochemical studies. The fusion
protein LBR-EGFP specifically co-precipitated ELYS/Mel28 from mitotic extracts. The interaction was regulated in
a phosphorylation-dependent manner. Pull-down experiments with the bacterially expressed recombinant N-terminal
region of the LBR verified the interaction between the LBR and ELYS/Mel28.

Furthermore, depletion of the LBR had neither an effect on post-mitotic NPC assembly nor on the transport function
of the NPC, suggesting that the dependency between the LBR and ELYS/Mel28 is not mutual.

On the other hand, the effect of ELYS/Mel28 on the localization of emerin during post-mitotic NPC assembly
was completely different from the recruitment of the LBR, as depletion of the LBR did not affect the localization of
A-type lamin-binding proteins. In the absence of ELYS/Mel28, A-type lamin-binding proteins, emerin, Lap2a and
Barrier-to- Autointegration Factor (BAF), lost their focused localization at the chromosomal core region in mitosis.
Furthermore, live imaging revealed that cytokinesis was accelerated in ELYS/Mel28-depleted cells. In this context,
the chromosomal passenger complex (CPC), which is a regulator of cytokinesis, was mislocalized from centromeres
and from the midzone in the absence of ELYS/Mel28. In addition, depletion of ELYS/Mel28 impaired the function
of Aurora B kinase, the central activity of the CPC, which also supports formation of the central spindle. The results
of the present study suggest that ELYS/Mel28 might influence the formation of the core region through the central

spindle, which is important for the accumulation of A-type lamin-binding proteins at the core region.

Conclusion:

Besides its well-established role in post-mitotic NPC assembly, observations and results of the present work gather
evidences for novel roles of ELYS/Mel28 in NE formation.

This study describes a tight association of the nucleoporin ELYS/Mel28 and the INM protein LBR for the first
time. Presented data reveal a predominant role of ELYS/Mel28 among other nucleoporins in the recruitment of LBR
to noncore regions of chromosomes during post-mitosis, which is part of the B-type lamin/NPC-rich NE subdomain
during interphase. Additionally, ELYS/Mel28 turned out to anchor LBR at the NE in interphase.

The interaction of LBR with ELYS/Mel28 gives a new direction to examine NE subdomains. Future studies of
a functional relation between LBR and ELYS/Mel28 during interphase will help to understand the physiological
significance of the association of LBR and B-type lamin with NPCs. Moreover, the present study demonstrates
that recruitment of LBR in post-mitosis is different from recruitment of A-type lamin-binding proteins as it is not
tubulindependent but requires the targeting of ELYS/Mel28 to chromosomes.

Further observations present a novel function of ELYS/Mel28 in the regulation of the A-type lamin-rich NE

subdomain, which is influenced by late mitotic events under control of the chromosomal passenger complex (CPC).



ELYS/Mel28 regulates the localization and activity of the CPC and indirectly affects cytokinesis. A prerequisite for
recruitment of A-type lamin-binding proteins to the core region and formation of the A-type lamin-rich subdomain
is the central spindle. ELYS/Mel28 might affect the stability of the central spindle, which in turn regulates the
focused binding of A-type lamin-binding proteins to the core region. This role of ELYS/Mel28 also demonstrates its
involvement in a checkpoint during prophase, which senses the presence of essential nucleoporins. Thus, ELYS/Mel28
plays an overall significant role for the outcome of mitosis.

This conclusion underlines that nucleoporins do not only have a structural role in the NPC, but contribute to other
essential processes in mitosis and interphase, for which evidences have accumulated in the recent literature (Xylourgidis
and Fornerod, 2009; De Souza and Osmani, 2009; Hou and Corces, 2010; Wozniak et al., 2010). Elucidating
the mechanisms of the regulation of the CPC through ELYS/Mel28 or the Nupl07-160 complex will deepen the
understanding of the versatile character of these nucleoporins.

Importantly, results of this study clearly show that both functions are independent from each other, and thereby
reveal new aspects of how post-mitotic reassembly of NPCs and the nuclear envelope are coordinated. In summary,
this study leads to the conclusion that ELYS/Mel28 is a key player for reformation processes of the NE and the NPC in

mitosis by its essential function in NPC formation and the newly assigned function in NE subdomain formation.
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