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Functional characterisation of Tudor domain-containing proteins, Kotsubu and
im g4, | Kumo, in the piRNA pathway.
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In vertebrates’ germline, transposon silencing is a crucial event to maintain genome
integrity and fertility. One way to achieve this is via Piwi-interacting RNAs (piRNAS),
which are small non-coding RNAs expressed in the gonads. In germline cells, one of the
major piRNAs processing sites is the nuage, membraneless perinuclear organelles
where PIWI-family Argonautes, Tudor domain-containing, and other proteins co-localise
to facilitate piRNA biogenesis and transposon silencing. However, the molecular function
of nuage-localising factors that are important for piRNA biogenesis is not fully
understood. Therefore, this thesis addresses some of these questions by characterizing
an unreported nuage protein, Kotsubu, and further elucidate the role of Kumo, a key
Tudor domain-containing protein in the piRNA pathway.

Kotsubu is one of the Drosophila orthologs of the mammalian Tudor domain-containing
protein-1 (Tdrd1). In this work, | show that the loss of kots resulted in the downregulation
of piRNAs in a male-dominant matter. Additionally, Kots forms large condensates in the
spermatocytes that co-localises with components constituting the nuage-associated
organelle, called piNG-bodies, which is not observed in ovaries. Notably, the loss of
other piRNA pathway components resulted in the displacement of Kots from the nuage.
Particularly, the absence of kumo led to a reduction in the number of Kots foci in
spermatocytes. Kumo is a nuage component that has an N-terminal RING (Really
Interesting New Gene) and B-box domains. RING domains are known to be
characteristic of proteins that function as E3 ubiquitin ligases. To study the potential E3
ligase activity of Kumo and understand how its function might correlate to the reduction
of Kots foci in spermatocytes, conserved residues in the Kumo RING domain were
mutated to generate a non-functional motif. Mutations in Kumo RING domain resulted in
defects in transposon silencing. Additionally, using cultured cell system and
immunoprecipitation, | show that Kumo RING domain was enhanced in the ubiquitin
fraction. Finally, the potential substrates of Kumo were analysed using TUBE (Tandem
ubiquitin binding entity), and piRNA pathway proteins including Kots were identified,
suggesting the possible role of Kumo in regulating nuage components via ubiquitination.
Through this study on Kots and Kumo, | thereby reveal the complexities in nuage
organisation and piRNA biogenesis.
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AT, Ya v Pa RN AEMRICRBIT S T AR YA Ly TICHERET BN FpiRNAD LAk
B % 2 DDTudor domain¥ > 77 & . Kotsubu (Kots) & Kumo (F 721%Qin) IZ DWW T OMEREMT 2 5 Lz, %<
OB TIX, AR R ZepiRNAE, AT RERIIZAONDEX T —Va b WO FERA LT RTF TTrt
T END, FRXORIETIE~Y U ADTdrdlAEa 7O 1 D THRZ /37 BKotslZ DWW T OMNT 2 A L,
KotslEX 7 — ¥ 2 lTRfE L. BRIEZ W5 2 ORBRED R RICKIT DpiRNADAESG BRI L > T T
VAR OMENCEE L TWAZ ER LD ENTZ, ZOREIE, 2022 CLinK A EFEH - FHE L LTET LY
2 —ZRCTEEMN Y ¥ — T VIR E I NI,

Fo. KWL OBETIE, KotsZ VA7 N2 X F o U H—B L L THEEREL WD REM 23 L=, Kumo
BRI EIFaA X F oY H—PIC L BDONDHRINGEF— 7 285, T CTICpiRNAOAESRKICEEG L Tn5D =
ERHLMNERS>TWD, K LORTH:THRE L7zKotsid Z OKumo & FHAMEM L. KumoD¥EHE THREICEE L T
W5, E5ZKumod Vv 7 F—T7 BNIFERANTpiRNAIC LD F T VAR Y OMBINCHETH D EEZHLMTL
7

piRNAZE G AR ITZ < O ¥ VXV EREG T 2EHR2RTHY . KX Th, Eid2 204 X7 HD5 %%
TR O & 1372 5725 T2 D3, #ﬁtfxl% - KotsD[FIE & BEREMNT, F7-BEMOKumo ¥ > XV &
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