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Studies on maternal mex-3 mRNA localization

mechanisms in C. elegans embryos
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Asymmetry of distribution of mRNAs and proteins is critical for cell fate determination
in the developing embryos. Especially, in very early stage of embryogenesis, mRNA
asymmetric distribution, or “localization”, is important for temporal/spatial regulation
of maternal mRNA expression because transcription is silenced in this period. There
are various mechanisms such as mRNA stabilization, degradation, diffusion, anchoring
and transportation to regulate the mRNAs localization. In the regulation of mRNA
localization, two elements, namely cis- and frans-acting elements, are major player.
Cis-acting elements exist within the mRNA and act as localizing signals. Trans-acting
elements exist in distinct molecules such as RNA binding proteins or miRNAs that
recognize cis-acting elements to regulate mRNA localization.

In C. elegans, although this is a good system for studying the relationship between
maternal mRNA distribution and cell fate determination, the molecular mechanism of
intracellular mRNA localization remains largely unknown. Previous studies in C.
elegans demonstrate that UTR is important for mRNA localization as known in other
organisms. For example, the maternal transgene mRNAs possessing both of pie-1 5
untranslated regions (UTR) and nos-2 3° UTR are localized to germline cells after the
four-cell stage, as well as endogenous pie-I and nos-2 mRNAs. To explore the
regulation of maternal mRNA localization, the laboratory that I belong has developed
assay systems and investigated the localization mechanism for maternal pos-7 mRNA.
All of the mRNAs that have been studied on localization mechanisms in C. elegans are
localized to germ cells. Thus, study of the mRNAs that localize to somatic cells will
promote better understanding of the molecular mechanisms that distinguish germ
cells from somatic cells, in addition to the mRNA localization mechanisms in (.
elegans. Thus far, mex-3 gene is only gene whose maternal mRNA is localized to
somatic cells in very early stage of embryo among the genes whose function is well
characterized. The mex-3 mRNA is uniformly distributed in oocytes. After pronuclear
formation of 1-cell stage, the mRNA is gradually localized to the anterior half of
embryo, and is predominantly localized in the anterior somatic AB cell and its
daughters at the 2-cell and 4-cell stages, respectively. After 4-cell stage, it is rapidly
disappeared from the somatic cells.

Firstly, I evaluated whether localization of the mex-3 mRNA can be mimicked in a
reporter assay system. I made a construct that includes the pos-I germline promoter,
the mex-3 coding sequence fused in-frame to the reporter VENUS sequence and the
mex-33 UTR. VENUS is a variant of YFP. The construct was introduced into worms by
biolistic transformation. mRNAs derived from the construct were detected by in situ
hybridization with a probe of the VENUS antisense sequence. This reporter assay
system reproduced the localization of endogenous mex-3 mRNA and I found that mex-3

3’ UTR is sufficient for the localization.
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To narrow down the cis~acting element, I performed deletion analysis of the mex-3 3’
UTR. For this analysis, I generated deletion variants that lack some regions of the &’
UTR. As a result, I found that a 179 nt-sequence of the meX-é’ 3’ UTR is required and
sufficient for the mRNA localization to anterior half of embryo. Out of the 179
nt-sequence, I also found that a 35 nt-sequence, which is conserved among
Caenorhabditis species, is critical for the mRNA localization to anterior blastomeres.
Next, I searched for a frans-acting element that binds’ to the identified cis-acting
element and contributes to mex-3 mRNA localization. Mutations in such frans-acting
elements should abolish the mex-3 mRNA localization. Using candidate approach, I
found that the asymmetry of mex-3 mRNA distribution was partially impaired in
mex-5 mutant. At 2-cell stage, the levels of mex-? mRNA of somatic AB cell were
markedly decreased in mex-§ mutant. mex-5 gene encodes a CCCH-type zinc finger
RNA binding protein. MEX-5 protein is expressed from oocyte and its localization
pattern is very similar to that of mex-3 mRNA. After pronuclear formation of 1-cell
stage, MEX-5 protein starts to localize to anterior half of embryo. MEX-5 protein is
more abundant in the somatic AB cell at 2-cell stages. At 4-cell stage, MEX-5 protein is
predominantly expressed in AB daughter cells (ABa and ABp). After 4-cell stage, it is
rapidly disappeared from somatic cells.

mex-b has a paralogous gene, mex-6. The MEX-6 expression pattern is similar to that
of MEX-5. MEX-5 and MEX-6 are known to function in a partially-redundant manner.
In mex-5; mex-6 double-mutant, the localization of the endogenous mex-3 mRNA was
abolished: The mRNA became low level and distributed uniformly. I examined
endogenous mex-3 mRNA of these mutant gonad by in situ hybridization. As a result, I
found the levels of mex-3 mRNA were decreased in oocytes of these mutants. These
results suggest that MEX-5 protein functions to stabilize mex-3 mRNA during
oogenesis.

To examine whether MEX-5 protein also functions to stabilize mex-3 mRNA after
oogenesis, mex 5 temperature sensitive (Ts) mutant was employed. The upshift
experiment in which MEX-5 is inactivated just after fertilization caused the decrease
of mex-8 mRNA of anterior somatic blastomere, supporting that MEX-5 protein also
stabilize the mex-3 mRNA in early stage of embryo.

The specificity and affinity of the interaction between MEX-5 and linear RNA sequence
were biochemically tested, and MEX-5 protein is reported to bind tract of six or more
uridines within a 9-13-nucleotide window. The 35 nt-sequence essential for the mex-3
mRNA localization is U rich and fulfills the features of binding site of MEX-5, thus I
tried to test im vitro binding of MEX-5 recombinant protein to the 35 nt RNA. In
electrophoresis mobility shift assay, the band shifts were observed in MEX-5
recombinant protein with the mex-3 35 nt-sequence. Competition analysis using cold
negative control RNA confirmed that this band shifts were specific. Thus I conclude
that MEX-5 protein is a franms-acting factor that directly binds to the 35 nt RNA
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sequence and stabilizes mex-3 mRNA.

Based on the observations, I propose a model that MEX-5 protein protects mex-3
mRNA from degradation at anterior blastomeres through binding 35 nt-sequence of
mex-3 3 UTR.
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ZHBEDICB VT —ODZ BN L EHERMBPERE LD LS AOBEMEIL, REALYSE
WRBITODEERBETHD, FLREBETFREAVAERZ2EVWOWMHBIZB W TIE, B
DERIERRAy Y ¥ —RNAMRNA) ZMBEH CRYEICBELIS I LICLY,
BR25MREMEEBERLTNDS, &FEZEITRE C elegans DB B VT mex-3
BEF O mRNA BRTAFERICBOW CRIRNICREET S EBIcEHER b b, FEeED
oo mex- 3BIETOERFIIBRELHFAEZIEIZLBMONTREY ., mex-3mRNA O BE
B HED R HBEMORECEETHILEELOND, €FFEIX. Tmex-3 mRNA OB
BIZBEET AR LAY M mBRNAROEBORE] BIO® (2= 2y NeERT
587V 2ARFORE] i LT, mex-3mRNA O BIE/LER 5 B L7,

[VRAZ VAV MORIES DWW TIE, mex-3mRNA O« o EIk % LR — & —EEF
ORWTHRANOREZRENTA 1LY, - UTRGAEBTMRER)ICEET S
179nt OFEED mex-8 mRNA ORI F R CORBIZHEN>+HTHBI I LERLE, =
DELHIA MEX-3 EREORENMICLSETHH I L ETLE, E6I10, 20 179nt OHE
SO P TIEZETHRFEEOE 35nt DEIEN, mex-3 mRNA O BEMICSLETH B -
LERLIE, —F T, Z® 35t 2 CHEBEICIIR+STH- 7=,

TPV ARFORE] OV, BRAVNHTCTEERBHE 2352 L R8mbhTW
27D RNA EF VNI EERND, ZDH9H MEX-5 Fo X7 EDOERET mex-3
mRNA ORI F TCORWEBREBR LN R RBZILEZRVWELE, MEX-5 # 87 &I
mex-3 mRNA ¢ RBEOMFRICBELT S0, £FE X MEX-5 # v 7 BN
mex-SmRNA 2 SENLCHRET A LI T BT FRUITORBONREIROND LT
DEERREL Tz, TOBRDERTCIOERHAEZFTEUTOHNREEE, ) MEX-5
FUNRTEPROEMBICHFETDILOICRD par-l ERE T, mex-3DRBESBEET
ARohndddiciasd, (i) MEX-5 DREBRSZHEHEERKEL A VT, MEX-5 2 REMHILT 2
EERNIC mex-3mRNA OREBHLIETT5, &bic, (i) L£ICRE L7~ mex-3mRNA ©
BTEALIZ % B 72 mex-3 mRNA 3-UTR N ® 35-nt @ RNA {2 MEX-5 & > %7 B R RER S N
THET 5.

UEDRER»HEHFEIL mex-8mRNA O BEAEEIZOVWT. IMEX-5 EEEDN mex-3
mRNA @ 3-UTR OF DFEE L7z 3bnt FBIRICHE AT A LICL Y., mex-3mRNA ¥ RD
AIF R CRIRMICZERSE, BN THRTS RO TOH mex-3 mRNA B X OZ v 3
JEDPBFERT L) LT IHELRELRL, MEX-5 # 32 ENET 5 CCCH & Zn
finger Z U NI EITN—T1FE, THETRNAOSBREZREETABHIIHAZ LB N
TWER, KFFEIZLY mRNA OREESBEOTHT 2 H1#H 42 JEENTRR I,
BE—DF U ARFREDLICREELSMEBIERBITON, KFEEE o0 ITIZ
mRNA FEMHERNFHT LR FRAICEBRTAZ EXHFTE D, AFEIZ. TESR mRNA
DAy BT 2L, ERETORIILEK, BEFLERGAOER. RBREANT
DEET vEARYE, ZREOHENTZEAEGDLE T, mRNA BELDOVABLIT T v 2
TLAVPERELEZLDT, mRNA RELEEFRECERT 3B EHERETHS,
LEDZ &b, ARXEELEREOERHEH LT L EERESLE K THB LT,
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