K e

AL (B 24y )

¥R F S

PN GO A AF

FALR G DR

AL Fm 30 H

At (BR)

B K B & 2205 &5

2020 29 A 28H

LB TER R

AL BRI 65 55 1% Y

RNG140(caprin2)-mediated translational

implicated in mouse eye lens differentiation

SR Bz i OEA
#Hf il
UiEs Coal SV S e

HHIR s 5EA
RiERY: EFE EFER

regulation




HrmXOEE

K 4 Nakazawa, Kaori

i CE B RNG140 (caprin2)-mediated translational regulation implicated in mouse eye lens

differentiation

(w7 2D L X43EITEIT D RNG140 (caprin2) 12 K 5 FIEREIHE4E D ARAT)

Regulation of gene expression at the translational level is key to determining cell fate and
function. Like many other developmental processes, gene expression during eye lens development
is highly controlled. An RNA-binding protein RNG140 (also known as caprin2) is a candidate for
such a translational regulator in lens development because RNG140 conditional knockout in mice
has been reported to cause lens compaction defects and features of Peters anomaly. Although
RNG140 is known to inhibit translation in rabbit reticulocyte lysates, it is unknown how RNG140
blocks translation and how such translational regulation is relevant to the in vivo function of
RNG140 in lens development.

To elucidate the effect of RNG140 on translation in cells, I generated Chinese hamster ovary
(CHO) cells that overexpress RNG140. Ribopuromycilation analysis of the cells showedl that
RNGI140 overexpression significantly reduced nascent polypeptides, suggesting that global
translation was suppressed by RNG140. Polysome profiling of the cells using sucrose density
gradient centrifugation showed that RNG140 overexpression increased inactive 80S ribosomes
that are not engaged on mRNAs. This was confirmed by an increased association of eukaryotic
elongation factor 2 (eEF2) on ribosomes, which is a hallmark of inactive 80S. These results
indicated that RNG140 increases inactive 80S ribosomes and suppresses global translation in CHO
cells.

Next, RNG140-associated proteins were identified by mass spectrometry of RNG140
immunoprecipitates from RNG140 overexpressing cells. As a result, eukaryotic translation

initiation factor 3 (elF3) subunit proteins were identified as major RNG140-associated proteins.



To test the effect of RNG140 on elF3-mediated translation initiation, I performed translation
assays using a luciferase mRNA reporter fused to 5’UTRs that cause elF3-dependent and
independent translation. RNG140 overexpression did not affect eIF3-independent translation, but
did suppress elF3-dependent translation. These data indicated that RNG140 suppresses elF3-
dependent translation initiation.

To determine which mRNAs are affected by RNG140 in cells, I performed ribosome profiling
upon RNG140 overexpression in CHO cells. Overexpression of RNG140 identified transcripts
with reduced translation efficiency (more-T: more likely target transcripts) and increased
translation efficiency (less-T: less likely target transcripts). Furthermore, I compared the length
and the number of coding exons of the transcripts between the more-T and less-T groups. The
length of the coding sequence (CDS) and the number of coding exons in the more-T group were
markedly larger than those in the less-T group, suggesting that RNG140 preferentially targets
transcripts with longer CDS and more coding exons to repress translation.

Gene ontology (GO) enrichment analysis found that the more-T group included a number of
factors involved in cell proliferation, for example, ubiquitin ligases, phosphoinositide 3-kinase
(PI3K), PIK-related kinases such as TRRAP, DNA replication initiators, and mitotic regulatory
proteins. Consistently, the rate of cell growth was decreased by RNG140 overexpression in CHO
cells. These results suggested that RNG140-mediated translational repression of cell proliferation-
associated mRNAs slows cell growth.

To investigate whether the RNG140-mediated translational regulation operates in vivo, I
generated RNGI140 knockout mice by CRISPR/Cas9-mediated genome editing. RNG140
knockout (Rngl40”) mice had a 5-bp deletion in the exon 6 sequence, which caused a frame-shift
and generated a downstream premature stop codon in the exon7 sequence. Quantitative RT-PCR
and western blotting confirmed that RNG140 transcript and protein were decreased in the eye lens
of these mice. Moreover, Rngl40"" mice had a significantly reduced size of the lens nucleus compared

with Rngl40™" mice.



Finally, I conducted ribosome profiling of Rng/40" mouse eyes at postnatal day 0.5 (P0.5)
and compared with that of Rngl40"" mice. RNG140 deficiency increased the translation
efficiency of transcripts corresponding to the more-T group in the CHO ribosome profiling, but in
contrast, decreased that of the less-T group. Notably, mRNAs involved in lens differentiation, such
as crystallin mRNAs, were short, and their translation efficiency was reduced by RNG140
knockout. These results suggested that RNG140-mediated translational repression operates in
mouse eyes in vivo, which reduces the translation of a set of mRNAs, whereas it allows other
mRNAs, including those associated with lens differentiation, to escape repression and be translated
during lens differentiation.

In summary, I characterized RNG140-mediated translational regulation. Several lines of
evidence have shown that RNG140 binds to eIF3 and inhibits translation initiation. RNG140
preferentially inhibited translation of long mRNAs, which can be a way to differentially regulate
mRNA translation for proliferation and differentiation. Thus, this study provides insights into the
mechanistic basis of lens cell transition from proliferation to differentiation via RNG140-mediated

translational regulation.
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RNA#GY N7 BIBERTOREGEHFMHCRNADOREMB R ES T T E2EEELS
LTWwa, HFEFOPRT AU, BEMRETT T ZAZH 0, HPRICHEEERT 2 RNA
fE& 45 /N2 E RNG140 (caprin2)iZ & 5 BRI HAS B X2 ORI IR D L > Lo
fbEOEEMZMET L. £9. Chinese hamster ovary (CHO)#MI I IZ BT RNG140-
GFP O BHI REMNMRICHG A2 EZ, VAo —aOx A b—a  REE. > alEE
EARECE. RUY—LHESD eEF2 AL/ 70y MEKE> THRINL 2. TO/RKER,
SEMEMRMETL, mRNA CEAL TWARVLRRAEERO 80S UiR Y —LAD8
TH5ZEERMBLKL. KIZ RNG140-GFP 3Bl CHO #ilain b ORI R OERFITIC
LU, RNGI40 IZWRNBBER T elF3 ¥ NV E-F NV EHBEERATHALTWS Z
EEAMLUZ, TITeelF3IKEMNRUVEKREFRNZBMRO LR —F — @ 2170, RNG140
O HIFEERIT e IF3KFM PR ZFEMICAHT AL LER L. & 512 RNG140-GFP
BHMBEOVRY—LTOT7 740 7 %&fT, RNG140 HHIZ L 5 mRNA O#R%) =
OELZHEBERICHENT Lz, TORE., ESOEV mRNA 13 RNG140 12 & % BRI H 2%
HBA, WIZEW mRNAOBRVAEBECHH N TS ZEE2RAH L, £\ mRNA O
IZ1Z HECT, PI3K/PI4K 2 EDOMiAMBMICED 2 /I —TICHBEENS mRNA &< &
FNTWVLRZENEETFA PO —MITICK o TREB I N, EEIZ CHO #Mia o5
WX RNG140-GFP O 3 il FEH I L - TEF L 7.

KIZHEFFE#H L. CRISPR/Cas9 #£IZX > T RNG140 /v 77O MU AZERL =,
RNGI40 BIRD L > X TEWRBEZRTN, /v I 77 MIXDZTORENEEFIZETL
mZEE2ERM RT-PCR., 14/ 70y b, REMEBRAICIVERLZ. 2O T AN
SIRERZEBL. VRV —LTOT7rA ) T EToMER, RNG140 / v 7 77 ~ O #
RBEADFE T CHOMMICH TS RNG140 OEHI BB & IWHENS S 2 AL
7z. T2 B, HECT,PIBK/PI4K 72 EIZ A I NS5 KV mRNA O®MRII LA L, HicE
V" mRNA OB R BIIHAMITE T Lz, ZUAFU > mRNAREL > XD EICE 5
T2%5 mRNA OEZIRRUCTEL, TNH6D /v I 7T RITALBIT2HMABLIIET
Lize ZO#EREIT, RNG140 L > XMMLICBEET 527 U A& ) 72 D mRNA % #R
MEH Dy =45y MizliznwZ &&2RrBL A,

PLEDORFZIE. L > Ao LI R EH T 5 RNG140 12 & 5 mRNA 2 #R 9§ 3R 40 51 3,
mEmiz i EMH LoD iEMEl L2k S ICHEETINEVNIFHZRET IV EIE
EBT2LEHIC. mBNADORERENZOR S LEETLIEVWSIHREKLEZ AL L 205
Thd., Lo TEEZBE2I. AMANEMOREICSIDLWLWEHML &,



