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THE NUCLEAR PORE COMPLEX & MEL-28

BAF forms homodimers and is required for correct nuclear breakdown and reassembly

after mitosis. BAF binds simultaneously nuclear lamins, LEM-domain protein and
chromatin, thus anchoring chromatin to the nuclear envelope. BAF is also involved in
sensing mechanical stimuli to regulate cell cycle progression and DNA replication.

BAF-1(G12T) MUTANTS ARE HYPERSENSITIVE TO TAGGING OF LAMIN OR BAF

baf-1(G12T) is lethal when GFP is
inserted into the endogenous locus of
lmn-1/lamin…

Chromosomes fail to segregate properly in baf-1(G12T); gfp::lmn-1 embryos during early
embryonic development…

… and baf-1(G12T); gfp::lmn-1 embryos never reach hatching.
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NE ACCUMULATION OF LMN-1 AND EMR-1 IS SLIGHTLY REDUCED IN baf-1(G12T) WORMS

To investigate if the point mutation in baf-1 affects the localisation of its known interaction partners in the NE, we quantified the
intensity of LMN-1 and EMR-1. This revealed a subtle reduction for both proteins at the NE when baf-1 is mutated.
n refers to number of cells analysed; * p < 0.05 ; ** p < 0.01 ; *** p < 0.001.

Chromosomes fail to segregate properly in baf-1(G12T);lmn-1

ENHANCED AGE-INDUCED NUCLEAR MORPHOLOGY DETERIORATION IN baf-1(G12T) WORMS
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o Class I: nuclei have uniform staining along smooth NE.
o Class II: enhanced intranuclear staining and mildly

lobulated.
o Class III: highly irregular nuclear shape. Staining

accumulated in bright foci and reduced peripheral signal.
o Class IV: class III description with some

extensions/prolongations of the NE (white arrow).

CLASSIFICATION  OF NUCLEAR MORPHOLOGY 

CONCLUSIONS

Bimolecular Fluorescence Complementation (BiFC) assays were performed to find
interaction partners of BAF-1. This identified nuclear pore complex protein MEL-28.

Nucleocytoplasmic transport occurs through nuclear pore complexes (NPCs), which consist of
multiple copies of ~30 different proteins called nucleoporins. NPCs disassemble along with
the NE during mitosis in animal cells, and reassemble once chromosome segregation is
completed.

MEL-28 (ELYS), a large AT-hook domain protein, is essential for meiotic and mitotic
chromosome segregation and for post-mitotic NPC assembly. MEL-28 is also expressed in
non-dividing cells, but its function in those is unknown.

DNA binding domainNPC and kinetochore localisation

Adapted from: Cohen-Fix & Askjaer, Genetics 2017
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LIFESPAN IS REDUCED IN mel-28 MUTANTS
Lifespan in fertile animals at 20°C Lifespan in sterile glp-4 mutants at 25°C

Mutation of mel-28 mutants
causes a dramatic reduction in
lifespan both in animals
producing gametes (left graph)
and in sterile animals (right
graph). This strongly argues
that MEL-28 has an important
role(-s) in post-mitotic cells,
possibly by regulating genome
organisation, gene expression
and/or NPC function.
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NORMAL NPCs IN SOMATIC TISSUES OF mel-28 MUTANTS 

Nucleoporins NPP-21/TPR and NPP-24/NUP88 are localised correctly in somatic tissues of mel-28 adults, suggesting that the
reduced lifespan is not due to dramatic alteration in NPCs.
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DEPLETION OF MEL-28 CAUSES A DELAY IN LARVAL DEVELOPMENT

Development was analysed by a semi-automatic luciferase-based method, which revealed 7-22% delay in mel-28 mutants in each larval stage.

IDENTIFICATION OF GENOMIC MEL-28 ASSOCIATION DOMAINS (MADS)
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Genomic MEL-28 association domains (MADs)
were determined by DamID in young adults
(shown is profile for chrI). MEL-28 association
is observed throughout the chromosomes,
whereas other nuclear envelope proteins, such
as NPP-22, LMN-1 and EMR-1 associate
predominantly with chromosome arms.

MADs are enriched for transcriptionally active regions of the
genome. Genome-track view illustrates that MEL-28 peaks are rich
in genes which accumulate markers of transcriptionally active
chromatin, such as H3K36me3, H3K4me3 and RNA POL-II, but
exclude LMN-1 (shaded region with one asterisk) and vice versa
(shaded region with two asterisks).
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ABSTRACT: Barrier to Autointegration Factor (BAF) is a highly conserved metazoan chromatin binding protein implicated in nuclear envelope (NE) breakdown and reassembly during mitosis as

well as chromatin compaction. The localisation of BAF to the NE is interdependent of nuclear lamins and LEM-domain inner nuclear membrane proteins (LAP2, emerin, and MAN1), but BAF is also
present in the nucleoplasm, thus creating an interface between the lamina and chromatin.
BAF is ubiquitously expressed and depletion of BAF causes early embryonic arrest. Strikingly, a single amino acid substitution in human BAF (Ala12Thr) causes Nestor-Guillermo Progeria Syndrome
(NGPS), which affects a variety of tissues and leads to severe skeletal defects and scoliosis. It is intriguing why a mutation in an essential protein expressed throughout development triggers the
development of symptoms only a few years into childhood. To explore Caenorhabditis elegans as model for this devastating disease, we have modified the baf-1 locus to mimic the human NGPS
mutation. We found that baf-1(G12T) mutants are hypersensitive to NE perturbations, particularly to modifications in the nuclear lamina. This dramatically affects mitotic chromosome segregation
and embryonic viability. Using Bimolecular Fluorescence Complementation, we discovered the nuclear pore and chromatin binding protein MEL-28/ELYS as a novel BAF interaction partner. In
proliferating cells, MEL-28 is required for nuclear pore complex assembly, whereas we found that MEL-28 associates with active chromatin in post-mitotic cells. We currently investigate the role of
the NGPS mutation on BAF’s interactions with MEL-28 and other NE proteins as well as BAF’s function in chromatin organisation through DamID. We propose that changes in tissue-specific
genome organisation are driving forces in disease development.

THE NUCLEAR ENVELOPE (NE) 

White arrows indicate chromosome segregation defects.
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BAF-1 INTERACTS WITH MEL-28

1. Introduction of a progeria-linked mutation into baf-1 causes chromosome mis-segregation in GFP::LMN-1 embryos.

2. NE accumulation of LMN-1/lamin and EMR-1/emerin is reduced in baf-1(G12T) mutants.

3. Age-induced nuclear morphology defects are enhanced in baf-1(G12T) mutants.

4. BAF-1 interacts with MEL-28.

5. MEL-28 is required for chromosome segregation and NPC assembly in embryonic cells.

6. Maternal contribution enables mel-28 mutants to complete embryonic and larval development: somatic cells have normal levels of NPC 

components NPP-21/TPR and NPP-24/NUP88.

7. Nevertheless, the lifespan of mel-28 mutants is dramatically shortened and developmental pace is reduced in mel-28 mutants.

8. MEL-28 associates with transcriptionally active chromatin.

As previously reported, embryos produced by mel-28
mutants have severe chromosome segregation
defects (left, arrow) and die before hatching.
Homozygous mutants are able to develop and reach
adulthood thanks to maternal contribution, although
they produce only inviable embryos.

p=0.01

Adapted from: Samson C. et al, NAR 2018


