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The prion-like domain (PrLD) is a class of intrinsically disordered protein regions
that do not form stable three-dimensional structures. PrLD is characterized by low
sequence complexity and richness in polar amino acids and glycine. This domain has
attracted huge attention because its ability to form condensates associates to
neurodegenerative diseases. However, most PrLD-containing proteins often do not form
condensates in healthy conditions. Studies in yeast and plants have suggested that
insertion of PrLDs into proteins confers evolutional advantages in environmental
responses and phenotypic diversities. However, in vertebrates, the focus has been on
pathological aspects and little is known about the physiological significance of PrLDs.

In this study, I aimed to uncover the physiological role of PrLD in one of the PrLD-
containing proteins, nuclear factor associated with dsSRNA 2 (NFAR2), in mice. NFAR2,
which possesses a long (>200 amino acids) C-terminal PrLD, has a PrLD-less splicing
variant, NFAR1, generated from the same interleukin enhancer-binding factor 3 (/If3)
gene. Through binding to DNA and RNA, both NFAR1 and NFAR2 (NFARs) regulate
gene expression in multiple fashions. They reside primarily in the nucleus to promote
and repress transcription, while a fraction of them shuttle between the nucleus and
cytoplasm to export mRNAs for translation. To respond to environmental stresses such
as virus infection and oxidative stress, NFARs either suppress or facilitate translation
depending on their target mRNAs. In contrast to these common functions, NFAR1 and

NFAR2 differ in subcellular and subnuclear localizations. NFAR2 is more prone to be



in the nucleus than NFARI, due to the PrLD. Within the nucleus, both NFAR1 and
NFAR?2 localize to the nucleolus in common, while only NFAR2 is also enriched in the
nucleoplasm. Given that the potential functional difference of subcellular localization
originates from PrLD, further phenotypic studies of NFARs mutants will provide a
better understanding of the physiological implications of PrLDs.

For that aim, I generated //f3 mutant mice that lack the PrLD of NFAR2
(1If3APTLD/APILD mjce) by introducing a stop codon at the beginning of the NFAR2-
specific PrLD-coding exon using CRISPR/Cas9. //f3 null mice have been reported to be
perinatally lethal because of neuromuscular respiratory failure, whereas [[f3APrLD/APrLD
mice were viable without a significant decrease in their survival rate. However, the
effect of PrLD deletion could be more prevailing in tissues such as the brain, where
NFAR2 expression predominates over NFAR1. Therefore, I investigated the effects of
PrLD deletion in the brain on the subcellular localization of NFARs, mRNA expression
and translational regulation, and mouse behavior, across chronic physical stress on mice.

First, I showed with immunostaining that PrLD of NFAR2 is responsible for the
chronic stress-sensitive nucleoplasmic retention of NFARs in the amygdala (AMY).
Second, I used RNA-seq and ribosome profiling to investigate the role of the PrLD in
the regulation of mRNA expression and translation in AMY under chronic stress.
NFAR2 PrLD deletion mimicked stress-induced transcriptome and translatome
alterations even in the absence of chronic stress and altered the chronic stress-
responsive control of mRNA expression and translation in the AMY. Third, using
comprehensive battery of behavioral tests, I found that [[/f3APrLD/APILD mjce exhibit
increased body temperature and activity, reduced anxiety-like behaviors, and impaired
conditioned fear memory. Consistent with the deficit in fear memory, [/f3APrLD/APrLD
mice showed lower fear-induced neural activity than wild-type mice, as judged by c-
Fos immunostaining, in the ventral hippocampus (vHIP) that is structurally and

functionally connected to AMY to encode emotion and fear. Finally, I investigated



chronic stress-associated behaviors in a passive avoidance test on various //f3 mutant
and wild-type mice. Although both NFAR1 and NFAR2 were involved in fear-
conditioned memory formation regardless of PrLD, the presence of PrLD in NFAR2 was
required specifically for tolerance of mice to chronic stress in the formation of
conditioned fear memory.

In conclusion, this study demonstrated that PrLD deletion in NFAR2 reduces the
stress-sensitive nuclear retention of NFARs in AMY, where it alters stress-induced gene
expression changes, and reduces the tolerance of mice to chronic stress in the formation
of fear-associated memories. These results suggest that the insertion of PrLD into
NFAR2 confers molecular interactions for nuclear retention which may impact the
chronic stress-responsive spatiotemporal regulation of mRNA expression and
translation by NFARs. These controls by the PrLD may increase the tolerance of AMY
and its associated nervous system to chronic stress and, consequently, the tolerance of
mice to chronic stress in conditioned fear memory formation. These results provide a
novel insight into the evolutional advantages of PrLDs in vertebrates for environmental

adaptation.



TSR
Results of the doctoral thesis screening
HLimXEERER
i\EaEme in I‘uglll U_I‘F %
e SC R TLF3 07 U A B AL B A b LA T Ot s 7% 5 & A i &

il 18 9~ %

HUNRTEDT U AR A A (Prion-like domain, PrLD) I35 E DO EE & 5720
RREMWTEI O —FTh D, WR-KHSEEZ T L TEELLSTWVWE W) ZOMHREIL, BHE
EOE7/M0 fé#ﬁ%‘iﬁ%wﬂﬁl®4~>&Lf@ﬁﬁéhﬂW\éowaA PrLD 73 A k48
IEHHERICOVWTIERBEHO RN Z W, HEHEO LTI AE, PrLD 22— K35
I7//@Lﬁ%1774//7éﬂéﬂﬁ Bl FICEHL, TORAT T A4 T %ZT
%5 PrLD # R Liz~v o A& ER - fgfr 925 2 £ 12K o T PrLD O A& HI &2 51~ 7,
L3 s+ 05 EA S D NFARL (PrLD 72 L) # X OV NFAR2 (PrLD & Y ) T RNA #
HHAUNRNITETHY, BIEA NV AKFICE» D ME ~BITL TR ML AREEOER
B RAGI#E T 5, £72. NFARL 2% 7 5 NFAR2 O BLIIM TRV, 2D X572
NS HBEEIL, A THICBIE A ML REZEO &S WRIEICE T 5 2 b L 2 A Mg
B FR, WRIZA P VAT TOITENCK § 2 PrLD RO ZE % i LTz,

HBEEITET. RKKTOMILA P L AZTLESELZLENAON TV DHEER LR
(ST ADOHFKRARLRA) 2L, BAER~ T 2O RHEIZE T NFARL/2 A0
HMRE~BITT A2 Z 2R L. PrLD XK~ U A TIZA ML R LT NFAR1/2 ®
EIREALRBEICIR T L B b L 2K R E BT b Kbtz RICK A D RNA-
seq BLRIRY —L7ua7ZrA 0 T xEToMR, FEM T RIZEWTEEX ML

CEv5lEkEI S5 mRNA BB - Fifk 7' 7 7 7 4 VEAL & [RER O Z L2, PrLD K18
YUATIHEARMLAZLTHLBICEE TS 2RI LEZ, 2L TPrLD XK~ 7T AT
BPER b L ABREERICHE 22 mRNA B - IR 70 7 7 A VBT AR~ 2D T

CIFEHBERBEO LN WVIEEICR Ao T, S HICHBER L. RUENEE S 9 5 24 4
tEAH 7 2 b %v?XTﬁoto%Eﬂvﬁx%ﬂﬂm7mk%v¢21im%£r@%
O EE R b LRIk LTl 2R L7z ookt L, PrLD KRB~ U 2 TIX 2 G B LA
BHERA ML AL TEATLZIZEZH LN L,

YL EomrZEic L HE#E L. NFAR2 @ PrLD ARHIEICB W TEME R b L 2 EZ D
EREEBLIOZNICE I EBER N L RISEEOREE - FIREEZH . 2 b o6l
BRI B IE R P L AMMEEM ST DLW IHehETAVERB L, 202 L
X, PrLD DA 7 Z A4 7 (FAN) ICLDHEMERA N L A~O@EIS &V D RS « 24k
bR L, BELELLTVWEWVWITFTAY v D L — I\ZL77)\TT?‘Z>}:M\9¥H <%
522D Thbd, Lo THEAEZES T, ARXPASHICEELRERET L0 TH
D, FNOBREICHIELWEDTH D & WL,



