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(Regulation of RNG105/caprinl dynamics by pathogenic cytoplasmic FUS and TDP-43

in neuronal RNA granules modulates synaptic loss)

Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are
incurable neurodegenerative diseases. A contributing feature of these diseases is
decreased synaptic density and loss of mature dendritic spines before the neuronal loss.
A common histopathological hallmark of ALS and FTD neurons is the cytoplasmic
aggregation of fused-in-sarcoma (FUS) and TAR DNA binding protein 43 (TDP-43),
RNA-binding proteins (RBPs) normally located in the nucleus and play multiple
functions in RNA metabolism. In ALS and FTD neurons, FUS and TDP-43 translocate
excessively from the nucleus to the cytoplasm and accumulate within cytoplasmic RNA
granules. RNA granules, formed by liquid-liquid phase separation (LLPS), play roles
under physiological conditions in transporting mRNAs encoding proteins required for
synapse formation/potentiation from the cell body to dendrites, and locally translating
those mRNAs in response to synaptic stimulation. The accumulation and eventual
aggregation of FUS and TDP-43 within RNA granules are thought to influence LLPS
status and RNA granule function. However, it is unclear whether FUS and TDP-43
accumulation in RNA granules affects the dynamics of other RNA granule components
that normally regulate RNA granule function, and whether such changes in the dynamics

of RNA granule components are related to the FUS- and TDP-43-induced impairment



of synapse formation/potentiation.

To address this issue, I used primary cultured neurons from the mouse cerebral
cortex to investigate the effects of FUS and TDP-43 overexpression on the dynamics of
RNA granule scaffold RBPs such as FMRP, Staufenl (Staul), Stau2, Pumilio2 (Pum?2),
and RNG105 (a.k.a. caprinl). First, using fluorescence recovery after photobleaching
(FRAP) and cell permeabilization assays, I found that FUS and TDP-43 accumulation
in dendritic RNA granules increased RNG105 dynamics and facilitated its dissociation
from the granules. This dissociation was specific for RNG105 and was not observed for
FMRP, Staul/2, or Pum?2.

Since RNG105 is reportedly responsible for the transport of mRNAs in dendrites
and essential for synaptic plasticity and long-term memory formation, alterations in the
dynamics of RNG105 within RNA granules was thought to affect mRNA localization
and local translation in/near the granules. I therefore investigated the effects of FUS
and TDP-43 on mRNA localization and translation in RNG105-localizing RNA granules
in dendrites. Fluorescence in situ hybridization (FISH) with a poly(dT) probe and
analysis of translation activity using the SunTag system revealed that the accumulation
of FUS and TDP-43 in RNA granules reduced the levels of mRNA and translation
in/near the granules.

To validate whether these reductions were mediated by the dissociation of
RNG105 from the granules, I generated RNG105 mutants that are not dissociated from
RNA granules by FUS or TDP-43. To this end, I first identified the FUS- and TDP-43-
sensitive domain of RNG105 as the RNA-binding domain (RBD) RBD1. I then replaced
RNG105 RBD1 with the RBDs of Pum2 and Staul to generate RNG105 mutants that
stably localize to RNA granules. Indeed, these RBD1-substituted mutants abrogated the
FUS- and TDP-43-induced increased dynamics and dissociation from dendritic RNA
granules. These non-dissociable RNG105 mutants suppressed the reduction of mRNA

and translation levels in RNA granules. Furthermore, they suppressed the loss of



dendritic spines caused by FUS and TDP-43. These results suggested that the defects
caused by FUS and TDP-43 were mediated by dissociation of RNG105 from RNA
granules.

In conclusion, this study showed that the accumulation of FUS and TDP-43 in
RNA granules increases the dynamics of RNG105 and dissociates it from the granules,
which mediates the FUS- and TDP-43-caused defects including loss of mRNA and
translation in/near the granules and synapse formation impairment. FUS and TDP-43
have been thought to co-aggregate with RNA granule components and exert toxic effects
through suppression or sequestration of components essential for neural function.
Contrary to this co-aggregation model, I found that FUS and TDP-43 increased the
dynamics of RNG105 and caused it to dissociate from RNA granules. The newly
discovered mode of regulation that excludes the required factors, RNG105 and its
associated mRNAs, from RNA granules provides a novel model for FUS- and TDP-43-

induced RNA granule dysfunction.
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17 25 i 1 0 SR A AL o 3 X OV i S R E AR R E O R A MR B IC B W T, FUS ° TDP-43
REOKHKERETENDHEMBOMBE TREKZERT 22 LD, P F T ABKRIKT
EFEOREBOFRREEZEZISNTWVD, 2N 5 OREEEAIT RNA BFIZ FUS ©° TDP-43 /8%
BT THRINSD, RNABRKOBRKNFICHEZ 2B I AWRANEL W, HEH
OB I A, U ZAKIMEEHKOMHREEME T FUS K0 TDP-43 Z @ 5
BHXE, #HA AV EFERMBITICEL ST, RNABK ZHK T 5 RNAKGSY > /X7
BOYAFIZ A, mRNA OERBERR. BLXUORNABRVEEGT S F T A (ANA
V) BRERRANDEEREMATL /2. '

HEFITE T, FUS BXL U TDP-43 O EFE A RNG105 ¥ > /X7 B O RNA KN T Dt
B2 BmE ., RNGI0s 2K NS MBS B2 22 AN U, 2RIV, BRNO
mRNA BN L. BREETORMMZMRBE T LZ. £/&. RNG105 OfF#HEIZIX
RNG105 D RNA#SG RAAL O RBDI WHBEBETHSHILEZRELL. TIT, ZORAA
> %&ftd RNA BRI D RNA #5545 2NV BHH KO RNARKA RAA > TEBRT LI LT,
FUS/TDP-43 [T X D Wk n 5 8 L 72\ RNG105 ZRMAKZER Lz, Z DIk R B R
RNG105 3. FUS/TDP-43 12X % RNA BRI AN O mRNA D & /AT BEFRE T2 1L .
X 51 FUS/TDP-43 IZ X2 A8 VIERERADK T ZEZEBML . 2115 DOH R,
FUS/TDP-43 2 X 5% % RNG105 OB N5 & &R LT,

LA E DT, GFP S mRFP1 ¥ 72D RNA#AY >N VEEZHMWTITbiz, L
AL, RNA BRIZE-EASBEICE o TR INZ D, FUBHSBIIEZEZ 5250
BEMENEZ SN, T I THEHFIZ. ¥ 70 W RNAEASSY >/ BYRNTEHE O RNA #
B ONTEIIH LU THKEORITZITo/k. TORE, 7020w £iCXK>TRNG105
DA EEREIIE ML 72 DD, FUS/TDP-43 iIC X 2RI S OFEEICIZY JI3Z8 L 20
LR LTz,

AFFEIC L D, FUS BX N TDP-43 ® RNA BRI~ DHEFEH RNG105 OB AN TD S A
FITAOHEMEER NS OREEEREET S EICX0,. mRNA OBRFE DR, AL
HETORAPUHROE T, TUTANA DHERERBAODE TN ERIIND I ENW
S5MIZTEo /2. fEk. FUS ®° TDP-43 @ RNA Jki N OHEFE & BEIT. RNA Fh i ik K
FOFAFIVAZHBLTERANICREET 22Tk THBIIEGTZ2EEASNT
EMN. AR XIE RNGLI05 DA F IV AD LR EBBRNS ORENREBICEDL Z &%
AL, FUSB LU TDP-43 OFi i EMEFE R L7z, Ko TEEZBRIT. A XN
AAPBCEELEREZTL2H0THD, FMNOBLGICHIELWVWHOTHL EHEL 2.





