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Abstract :

The dynamic behavior of chromosomes during meiosis prophase —| has been likened to a middle
school dance, where partners find one another (homologous chromosomes), form couples (bivalents or
synaptonema complex) that move about and trade information, and then separate to opposite sides of
the dance hall (nucleus). Individuals can be attracted to more than one partner or find themselves
trapped behind or between other couples and, failing to form a couple effectively, end up on the wrong
side of the dance hall. As with meiotic prophase—I, chromosomes move rapidly to find its partner called
rapid prophase movements, but it is not clear how these movements will be regulated to form couple
effectively.

On entry of S. cerevisiae cells into meiosis, telomeres attach to the nuclear envelope (NE) and
transiently cluster on a limited area near Spindle pole body (SPB; an equivalent to mammalian
centrosome) to form a “chromosomal bouquet”. Telomere clustering is thought to promote recognition
and stable pairing of homologous chromosomes. A component of the S. cerevisiae SPB, Mps3, which
is an inner nuclear envelope protein with the conserved SUN domain, is involved in the telomere
clustering/movement during meiosis. Mps3 protein changes the localization during meiosis; from SPB
to NE. This relocalization of Mps3 is independent of Mps3 Sun domain, actin, Csm4, Ndj1, but
depends on S. cerevisiae CDK (cyclin-dependent kinase; Cdc28-cyclin) and DDK (Dbf 4 -Cdc7)
activities. When cells with an inhibitor-sensitive allele, the cdc28-as1 and cdc7-as3, are treated with
the inhibitor (1INM-PP1 and PP1, respectively) upon meiotic entry, relocation of Mps3 is severely
hampered. This suggests that CDK and DDK regulate dynamics of the NE component during meiosis.

Indeed, when the movement of telomeres is visualized using a GFP-fusion protein of Rap1 (a telomere
binding protein), the treatment of the cdc28-as1 and cdc7-as3 mutants with the inhibitors hampers the
movement of Rap1 on NE as well as bouquet resolution. In fact, rapid prophase movements of
telomeres are absent in the mps3-3A (188T-A, 189S-A, 190S-A substitutions) mutant, which lacks
putative CDK-DDK phosphorylation sites. The mps3-3D (188T-D 1895-D,190S-D) phosphomimic
mutant suppresses CDK and DDK requirement for rapid prophase movements. While, the: SUN
domain of Mps3 is partially required for telomere and chromosome movements. Interestingly deletion
of nuclear pore proteins Nup152 and Pom152 completely suppresses mps3-aaa defects in Mps3
relocalization but not in movements. In the absence of these nucleoporins, Mps3 completely
relocalizes on the NE during mitosis in both wild type as well as mps3-aaa mutant.

It is likely that CDK and DDK collaborate to regulate telomere clustering, bouquet resolution and
rapid prophase movements by phosphorylating Mps3-containing complex on NEs and Mps3 functions
such as relocation is negatively regulated by the nuclear pores.

In my thesis, | revealed a novel control pathway of a NE-bound protein during meiosis, which plays
a critical role in events in meiosis prophase-| such as pairing of chromosomes and the recombination.
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