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Post-transcriptional regulation by RNA-binding proteins is highly important to establish
gene regulatory networks during all stages of germ cell development. RNA-binding
proteins generally make functional complexes to control their target mRNA, but what
kind of protein structures are needed to form these complexes and bind specific mRNA
are largely unknown. One family of RNA-binding proteins that is essential for germ cell
development is NANOS. I focused on murine NANOS2 and NANOS3, which have
different yet critical functions. NANOS3 is required for protection from apoptosis
during migration and gonadal colonization of primordial germ cells in both sexes,
whereas NANOS?2 is male-specific and required for male-type differentiation of germ
cells. What is interesting about these proteins is their reported one-way functional
redundancy, i.e., NANOS2 can rescue NANOS3 function but NANOS3 cannot promote
the male pathway. These two proteins are structurally similar, both having a conserved
zinc finger domain and similar N-terminal. In the case of NANOS2, this zinc finger
domain is required to interact with its partner, DND1. The other key protein domain,
the N-terminal, is required for interaction with CNOT1 of the CCR4-NOT deadenylation
complex. Previous studies demonstrated that NANOS2 and DNDI colocalize with
processing body (P-body) components, such as CNOT]1, in germ cells. NANOS2 carries
out some of its post-transcriptional regulatory activity by targeting specific mRNA to
these P-bodies. If the binding between DNDI1 and NANOS is inhibited, these specific

P-bodies are not formed and the male pathway does not proceed. However, although



there are many reports of the phenotypes of such mutant mice, no study has looked at
the dynamic process of events leading to P-body formation by germ cell-specific RNA-
binding proteins. Furthermore, in Nanos2-knockout germ cells, up-regulated NANOS3
instead localizes with DND1 to these P-bodies, but cannot rescue NANOS2 function,
and it is unknown what its role is during this male differentiation stage. The purpose of
my thesis study was to therefore clarify the role of NANOS2 in P-body-mediated RNA
regulation and reveal why NANOS3 is unable to substitute.

In the first chapter, I report my results obtained using conditional Nanos3/Nanos2
knockout mice and chimeric mice expressing chimeric NANOS protein constructs to
assess why NANOS3 cannot rescue NANOS2 function. These in vivo analyses
demonstrated NANOS3 to be a “weaker” version of NANOS2 with inhibitory action
against apoptosis. My study also suggested that mouse NANOS3 is different from
human NANOS3 in that it cannot bind CNOT . It is unknown whether human NANOS3
can promote the male pathway, but human NANOS3 may have stronger regulatory
ability than mouse NANOS3. I additionally found that DND1 and NANOS2 binding is
highly dependent on the specific NANOS2 structure itself, which is why NANOS3 is
unable to regulate target mRNA to promote the male pathway.

Although I determined that the specific NANOS2 structure is key in its
interactions with other proteins, the dynamic events leading to the formation of an
individual P-body remained unclear. This question led to my second aim: to reveal how
NANOS2 and DND1 interact with target mRNA and P-body components in real time. I
decided to use live imaging techniques to analyze their interactions. In the second
chapter, I report my achievement of establishing a system to view mRNA in real time
using dCas13, an endonuclease-dead RNA-specific RNase. I also used two different
mouse cultured cell lines to investigate P-body formation and mRNA targeting in the
presence or absence of the germ cell-specific NANOS2 and DND1. The target mRNA

visualized was Dazl, one of two known NANOS?2 targets. In my cultured cell system, I



was able to visualize the targeting of Daz/ to P-bodies after inducing the expression of
NANOS2 and DNDI. I next compared Daz!/ localization under multiple conditions with
wild-type and mutant NANOS2 and DND1. Based on the time-lapse imaging under all
conditions, I proposed the following model of the events leading to mRNA regulation
by NANOS2 and DND1: In the presence of NANOS2, DND1 binds a specific target, in
this case Dazl. NANOS2 then binds Dazl-bound DNDI1, bringing with it CNOT1 of the
CCR4-NOT complex, leading to the formation of P-bodies.

In conclusion, my thesis study revealed the specific structural basis for NANOS2
function in P-body-mediated RNA regulation, as well as the effects of its expression on
the localization of other involved proteins and target mRNA. Determining how RNA-
binding proteins regulate their targets is highly important in understanding the
downstream pathways in development. By combining new in vivo analyses, I was able

to shed light on this highly intricate mechanism.



Results of the doctoral thesis screening

R SO A R

Name in Full

55 Wright, Danelle

T i t 1 e
fm M REH Studies on the function and target-RNA recognition of RNA-binding proteins

essential for mouse germ cell differentiation

v U AOQEFMIAIL, BERORBEREICIHRAERAMPA S AT IZBE L%, RN
HHVIEINFEMIEIZ b T 5, ZOWRBTIE, #x REEHEE T RIEHEEES @< 2
ERFM BN D, Wright SAX, vV AOHEEATEMBESLICEEZERHEE2H22 20 RNA
#a# 2t 7 H NANOS2 & NANOS3 D REMIT 2 To e, MA T —REENEL T 51
bbb 6T, NANOSS idMiit D AFER (BB PO MBREEEMB CTRE L, ZOMFICSLE
THDHDICH L, NANOS2 IR B ICBEI# 0L MM THEMICEI L, BESEO—#
BB R X OVEME AR MR O 0k #FFE 3 5, NANOS2 X NANOS3 OrEx# #iH L5 2
25, NANOSS3 ix NANOS2 o2 M T& Wiy, HEhBESLEIRD LN D,
Wright & A IEARB X ORI T, NANOSZ D arF 4 aF /v 70 b (cKO) = v
A B X T NANOS2Z/NANOS3-cKO « 7 2 & Bk L | HEME A4 50 M I 23 LB T 0 NANOS2
L NANOS3 O REZ LB L7z, S 6, MFDOT I/ KIHEM & zinc finger K A A
v (ZF) 2MHEICANEI LR AT X NI HOBBEBEITEZITY £ &b, NANOS2 &
ODHEEREI LIS RNA #3278 DND1 L OfAMRFT 2 E%21ToT, BT,
NANOS2-DND1 #4925 Dazl mRNA OMARNBELZEFTT 5720, HBEARICENY
T dCasl3-EGFP % i\ /= DazImRNA OMBENA A -V 7 RBEICKI L. LT,
I DEEFRMBIZEB W T Dazl mRNA & 3ic8 Y iEi#k L 72 NANOS2, DND1, KU RNA %
RO HE L LT a7 ART 4+ (P-body) 253 %2 DDX6, DCP1, CNOT1
DIATARA—V T EIToTe, —HBOMERRE2L, LTOZ LALLM LT,
(1) NANOS2 /K48 Lot ATM IR CTHRE T 5 NANOS3 0id, HEMAFMR D 7 A b
—VAEMHETOIEERD D,
(2) NANOS2 & #EA L CHEMEA MM 2LIcB 5 DND1 @ # > %87 B3 8L, NANOS2
RBEITEET D, NANOS3 iITITEE LA,
(3) HEMEATMBEOSLFHEEIC T, NANOS2 @7 3/ RIBHEM & ZF O J5 78 B B 7 %
%485 ,NANOS2 ® DND1 #E A& M2 NANOS3 L vV < % D3k & 1% ZF »##sE+ L CCHC-
CCHCEFIEND 6 o7 I /7 BOBWICERL, Th 5% NANOS3 RIc@E# T2 &
NANOS2ZF & DND1 L &1k 5, £/, NANOS2 7 2 / KIEfEK D P-body KHF
CNOT1 ~ORAE LB HICEETH D,
(4) MEMEATEMILTHRBET 5 DNDL 1%, Daz/ mRNA &4 L7=#%., NANOS2 L#EA L.,
NANOS2 8 CNOT1 & #AT 5 Z L TP-body BB RESIN S AREEEZ R WE L, M
% T, DND1 @ DazImRNA &M, BL U7 I/ KigEKRE N L7z NANOS2 » CNOT1
RAMX, &£ P-body DEERFERICEET S,



FREOBERERNS, BEMEATEMIRICE T 5 NANOS2 3 X 1 NANOS3 O RMOBERENH &
Melpol, £, DND1 8L CNOT1 & DS, BEHR P-body DR EZ®EL T,
NANOS2 78 DAZL mRNA @ P-body RTE & iR & R U, HEVER 32 & — @0 ic #mil
TAHRRERFTE I, BOERRIVWTALHBAERNEL, YOS FLEERAR
EBRABLLBIHPRETCES, T, KO~ AOHER® mRNA o 2 —320 i, £H
MHREOCB N Z/EALLELOABIRICIVBBEEZRRL, HEL OFRLRBEELE

T Z ELIEMEICHEST S,
FERoBEAIZXLY, FEER . KRN EMOFEEICASICET D LWL,



