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Abstract

T LADEREEE (ENTR40%AE)ZEEODEBRFE. BBICKYT /LELLORBHE
BOTER, —H., TOERFLER- BHEICKYT /LABEFREEL, £ETHBOBHELD
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%, THICHW, T/ LD17%Z2 5O D EBEFLINE- IR ERRT S, LAL., LINE1OEBZ
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(&, LINE-1OJ— R B0ORF1Z /N E(ORF1p)A", NI AR OMRELICK RS AT
2%z RHEHLU . LINE-1 RNAKORF1pEEEH(LI RNP)Z & V), #RZIZBITL. ORF2R2 >
NOBOREEBRFEHICK>TT /AILEAEKSD, LAL, MR LEICLT

RNPA'RZ Y e hhid, HEZICBITIZEETERY, TOLY, L1 RNPZMRE LA
EULREITDCEALINEMOEBZNHEH T IHRBO—DTREREVL EBBL I,
FORFIpHEZ AV TAREEBEZTE 2L S, ORFIp4MIBHAZE—JICRLZICEL L
cehrs, MIHREEORFIpE DT D ATLAEBATWVWSR L ETB TS, ORFIpl: R £
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DPHEBMLULTWE, COPREEBERGENIVESTHBEETHD VY Y —LNOEZEZES
o T T, HiRabSafifhds KU HiRab7aiEkZ AV TR ERBZITE 2 /2& Z 5, Rab5a&Rab7a
EXIAYBEOMELICE VTORFIpERBETZCENFASH ERB D 2, KRIZRab5az ]
—RIBDAIEEMRNAZYEREICEAL, BRIRREFTE2/1ETS, ORFIpORRD A H
KU, BRIRBEE NI-Rab5alFORFIpNEIEZREL LEEXSND., UEOERS S, HHkE
BREANRBENEORFIpREPEEZN LTI Y Y —LNEE- 7BENDENRBRE N,
The transposable elements, which occupy a vast portion of the genome (more than 40% in
humans), have been a driving force behind genome evolution through transposition. On the other
hand, the chaotic transposition and proliferation of these elements can lead to the malfunction of
genome functions, posing a threat to the maintenance of life. In the early embryonic development
of eukaryotic organisms, including humans, widespread erasure of DNA methylation occurs
immediately after fertilization. In parallel with this process, the transposable element LINE-1,
constituting 17% of the genome, is highly expressed. However, the mechanisms responsible for
inhibiting LINE-1 transposition, maintaining genomic stability, and ensuring normal development
remain elusive.

Our study revealed that the ORF1 protein (ORF1p) encoded by LINE-1 exhibits a granular
distribution on the cell membrane of mouse 2-cell stage embryos. LINE-1 RNA forms a complex
with ORF1p (L1 RNP), translocates to the cell nucleus, and is inserted into the genome through the
reverse transcriptase activity of the ORF2 protein. However, if L1 RNP is trapped on the plasma
membrane, it cannot transition to the cell nucleus. Therefore, we hypothesized that anchoring L1
RNP on the plasma membrane could be a mechanism to suppress LINE-1 transposition.
Immunostaining using anti-ORF1p antibodies revealed that ORF1p gradually decreased after
reaching its peak at the 4-cell stage, suggesting that early embryos possess a system to degrade
ORF1p. ORF1p was observed as numerous granules on the plasma membrane, and its
distribution pattern closely resembled the distribution of Rab5a and Rab7a, which are involved in
vesicle transport. This vesicle transport system facilitates cargo transport to the lysosome, a
protein degradation organelle. Immunostaining with anti-Rab5a and anti-Rab7a antibodies
confirmed the co-localization of Rab5a and Rab7a with ORF1p on the plasma membrane of early
embryos. Furthermore, injecting synthetic mMRNA encoding Rab5a into early embryos for
overexpression resulted in the disappearance of the granular distribution of ORF1p. It suggests
that the overexpression of Rab5a promoted the transport of ORF1p to the lysosome. Taken
together, the vesicle transport and the lysosome-mediated degradation of ORF1p might safeguard
the genome during pre-implantation embryogenesis.
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Silencing of transposable elements by vesicle transport in early mouse embryo
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2. MRBAREEOHME (FR)

The transposable elements, which occupy a vast portion of the genome (more than 40% in humans), have been
a driving force behind genome evolution through transposition. On the other hand, the chaotic transposition
and proliferation of these elements can lead to the malfunction of genome functions, posing a threat to the
maintenance of life. In the early embryonic development of eukaryotic organisms, including humans,
widespread erasure of DNA methylation occurs immediately after fertilization. In parallel with this process, the
transposable element LINE-1, constituting 17% of the genome, is highly expressed. However, the mechanisms
responsible for inhibiting LINE-1 transposition, maintaining genomic stability, and ensuring normal
development remain elusive.

Our study revealed that the ORF1 protein (ORF1p) encoded by LINE-1 exhibits a granular distribution on the
cell membrane of mouse 2-cell stage embryos. LINE-1 RNA forms a complex with ORF1p (LT RNP), translocates
to the cell nucleus, and is inserted into the genome through the reverse transcriptase activity of the ORF2
protein. However, if L1 RNP is trapped on the plasma membrane, it cannot transition to the cell nucleus.
Therefore, we hypothesized that anchoring LT RNP on the plasma membrane could be a mechanism to
suppress LINE-1 transposition.

Immunostaining using anti-ORF1p antibodies revealed that ORF1p gradually decreased after reaching its peak
at the 4-cell stage, suggesting that early embryos possess a system to degrade ORF1p. ORF1p was observed as
numerous granules on the plasma membrane, and its distribution pattern closely resembled the distribution off
Rab5a and Rab7a, which are involved in vesicle transport. This vesicle transport system facilitates cargo
transport to the lysosome, a protein degradation organelle. Inmunostaining with anti-Rab5a and anti-Rab7a
antibodies confirmed the co-localization of Rab5a and Rab7a with ORF1p on the plasma membrane of early|
embryos. Furthermore, injecting synthetic mRNA encoding Rab5a into early embryos for overexpression
resulted in the disappearance of the granular distribution of ORF1p. It suggests that the overexpression off
Rab5a promoted the transport of ORF1p to the lysosome. Taken together, the vesicle transport and the
lysosome-mediated degradation of ORF1p might safeguard the genome during pre-implantation
embryogenesis.
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