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Summary (Abstract) of doctoral thesis contents

In Drosophila, a specialized cytoplasm, or germ plasm localized in the posterior pole
region of early embryos is partitioned into the primordial germ cells (PGCs). Germ plasm
contains the maternal factors required for germline development. One of the maternal factors,
nanos (nos) mRNA encodes an evolutionarily conserved CCHC-type zinc finger protein that
plays an essential role in germline development in various animal species. Maternal Nos protein
is partitioned into PGCs and remains detectable in these cells throughout embryogenesis. In
PGCs, Nos is required to repress somatic differentiation, and to induce germline development.
Previous studies have demonstrated that Nos, along with Pumilio (Pum), acts as a translational
repressor for specific RNA targets by binding to their 3’ untranslated region (3° UTR). However,
little is known about the targets of maternal Nos in PGCs. The preliminary result in my
laboratory suggests that CG32425 3’UTR acts as an RNA region that enhances protein production
from mRNA that contains it in normal PGCs, but not in PGCs lacking maternal Nos (nos PGCs).
Since this result was in contrast to the prevailing role of Nos, which binds to the 3' UTR of target

mRNAs to repress their protein production in PGCs, I focused on the role of CG32425 3’UTR.

1) CG32425 3'UTR mediated Nos-dependent upregulation of RNA and protein expression in
PGCs

I generated a fusion gene, which carries CG32425 3'UTR at a location downstream of
EGFP-coding region (UAS-EGFP-CG32425 3'UTR). This fusion gene was transcribed in PGCs by
using Gal4/UAS system, and EGFP protein expression was examined in PGCs of late embryos
(stage 12-15). I found that EGFP expression from UAS-EGFP-CG32425 3'UTR was much lower
in nos PGCs than in normal ones. Furthermore, mRNA expression from UAS-EGFP-CG32425
3'UTR was significantly reduced in nos PGCs compared to normal ones. Therefore, it is
reasonable to conclude that EGFP-CG32425 3’UTR mRNA is stabilized in PGCs in a

Nos-dependent manner via its 3> UTR.

2) Identification of regions required for Nos-dependent upregulation of RNA and protein
expression in CG32425 3'UTR

CG32425 3° UTR was deleted to produce three regions, R1, R2, and R3, and these regions
were tested for their effects on RNA and protein expression in the EGFP-reporter assay system
described above. RNA and protein expression from UAS-EGFP-R3 was reduced in nos PGCs,
compared with that in normal PGCs. In contrast, RNA and protein expression from
UAS-EGFP-RI1 and -R2 were slightly higher in nos PGCs than in normal ones. In R3, four
Nos-binding sites were present, and only one Pum-binding site that overlapped partially with one
of the four Nos-binding sites was observed. The above observations suggest that R3 is required

for Nos-dependent RNA stabilization in PGCs.
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3) Expression of endogenous CG32425 mRNA and its protein product in PGCs

CG32425 mRNA was distributed throughout cleavage and syncytial blastodermal embryos
at stage 4. RNA signal rapidly decreased in the somatic region, but was enriched in PGCs of
cellular blastodermal embryos at late stage 5. During the rest of embryogenesis, the signal
remained detectable in PGCs. CG32425 protein expression was almost undetectable in PGCs
from embryonic stages 4 to 8. The protein expression was later increased in PGCs from stage 9
until the end of embryogenesis. In contrast, in nos PGCs, expression of CG32425 mRNA and its
protein product was much lower than that observed in normal ones. Considering that
predominantly-expressed CG32425 mRNA in PGCs was maternal in origin, these observations
strongly suggest that maternal Nos stabilizes maternal CG32425 mRNA in PGCs, which in turn
causes expression of its protein product in these cells. However, in this study, I failed to clarify

the role of CG32425 in PGCs.

4) Endogenous ovo mRNA is stabilized by Nos in PGCs

Maternal ovo is known to be essential for PGC development. ovo mRNA, like CG32425
mRNA, is maternally supplied and is enriched in PGCs to produce Ovo protein in these cells.
Moreover, ovo 3'UTR contains Nos-binding sites. In the absence of maternal Nos, expression of
ovo mRNA and its protein product was significantly reduced in PGCs, compared with that in
normal ones. These observations suggest that ovo mRNA is stabilized in PGCs in a
Nos-dependent manner. Thus, I speculate that maternal Nos stabilizes ovo mRNA to supply its

protein product in PGCs, that is essential for germline development.

This study provides the first evidence that supports a role for Nos in stabilizing RNA in
PGCs. Thus, I propose that Nos protein has dual functions in translational repression and
stabilization of specific RNAs to ensure proper germline development. My data provides the first
step toward elucidating the novel function of maternal Nos in germline development of various

animals.
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Summary of the results of the doctoral thesis screening

ETEARR Y, RIERICEBEREREEBE X 2H—DOMIaTH D, v a vya v Ol
B id, R AR S 40 5 da R AR R I ok 3 5, AR sUZEJRAR B 1. IR 0 14 S LS AL & 3
HIMIE 2B Y ATy XS ISR S LD, MR IS I AR SRR O F A B4y A B
HRFBEENTEBY , AHERINFRNZERTORBALZIEELSELHBELFFOLEE X
b T&E7-, WmMEEIcEEN BMERFDO—>TH S B nanos mRNA A= — R4 %
BEPE Nanos (Nos) # > /%278, CCHC® D Zn 7 4 » H—FF —7 %A+ 5 RNA A
2R 7ETHY . B Pumilio (Pum) # /87 F L2, #H mRNA © 3'UTR (27
AL, TOFREMEA T e TV, B Nos Z X7 HiE, 20 L5 2 HIER
PR 2 N LT, ARSI OREEZIToTWVWD EBZX LN TE NN, Y Nos &
N7 EORER) mRNA X+ ICH 602> Ty, B Nos # > 37 H OFER) mRNA
ZRIET D720, Pum ¥ VX7 B LG T 5 43 H¥EH O mRNA © 3'UTR % EGFP = — R
fEik O TS L. & O mRNA Z 8R4I h TS S & EGFP % > "7 o5 Bl
BIEFT L2 E Z A, 6 O mRNA @ 3'UTR #A T 5854 12i%, #f:1 Nos ¥ » 327 &
KAFMIZ EGFP % U XV EORBNWAT 5 Z EnRW bl Sz, ZOfFEIL, f:1% Nos
2N BIZE Y mRNA OFIRAMFl SN TWLZEE2REBLTWVWSD, LrL, 205k
THFZEClx, PARIZK LT, B Nos # v R 7 BEKFHIIZ EGFP % 87 B ORBLN L5
T % 1 fEO 3UTR NRE SNz, RIFIETiE, B Nos & v /X7 E O #H 7= 7o HéhE 128
nbETHEL, CG32425 3 UTR ICHEH L., LA F O BTz,

o, AT RO RO FHMEEZ MR LT, CG532425 mRNA © 3'UTR % EGFP % =
— R 28O FiIchEa L, %Yo IR A MIEIZ W CEleg B8 1 % Gal4d/UAS v
AT LEHWTEEE SEZ, 0632425 3 UTR #fiA S84, EWHEE T, nos
BERMWTEGFP # v R BORBENE LMK FLTWE, I, EFKRIZHST nos &
R TIE mRNA ORBLLBEEZEICER T LW, Zo@AeEE T OiE5 21T Gal4/UAS v
AT LBHANWLNTEY, EWKE nos ERROM TIEE LN LOEFHHEI AR, 2L
LRI, WBIFRAEBMBENICE W TR Nos # V)7 B 11X, CG32425 3'UTR # /i L C
mRNA OEEGEHHFE ., T2obbRENLMICHFLHELTVDL I EEZMIAREBLTND,

0, WD EGFP VAR —% —7 vt A4 ZHW\W T, CG32425 3 UTR @ 3'{fil 211bp @
fEik 28 mRNA OZEICEDLDL Z EE2HOLMNC L, ZOEKICIE 4 >0 Nos fE4Hd
BINGFIEL 1 DDOHAFIET H Pum fEAELS X Nos fE S B & A —"—F » 7 LTz,

AT IR R IR IC L Y A 0D NIEE O R CG32425 mRNA & fEPE Nos # o /%
JEICEWRERRESNDZEEH LML, LML, BBIRAMBICR T D REE
CG32425 D#EHF % RNAIEEZH W THLNZT 2 Z LiIx T e ho T,

BT, BRI AT RN TR Nos % V' N7 BN R ELT D5 CG32425 mRNA LLA O £
E mRNA ¥R L7=E 2 A, B ovo mRNA R Nos iKW EAE/LENDZ ENAHDL
MmeERol-, 2O mRNA X Zn 7 4 v H—FF —T7 2 (4T HBERF2a—KLTEY,
BT AR SEAR B N2 38 W TAGE R AE AR - O R BUE ML OB 2 A L. GaJR AR TH A g 0 % &
WCHETHDLZERRESNTWD, ZO/MRIT. BN Nos # U X7 BN ATERIEIR
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T ORBIEHEALICEAD L X v X7 E% % a2 — 725 mRNA 2ZFEESHE D & CATEM
MMEDREEZIToTNnDEEZLND,

Nos # /X7 B O T BERE A4 W L7 ARS8, R AHMINIZE T 5 mRNA %
EAEEDON RO L2 B2 0, ERAEMFEROMLICHET 2 2 ERE2E—3
THEINT,





