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IncRNA

» Transcribed from genomic DNA (cDNA)

Different biological

> Lots of classes —— :
involvements

» > 200 nucleotides

» Costly poly-adenylated & can contain
introns

»> DON'T ENCODE FOR PROTEINS

FOR REAL?!
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Also long non-coding RNA
are transcribed by RNA-pol Il + spliced
+ capped
+ polyadenylated

'
Nucleus Cytosol
> IncRNA (1) Polar granule component
: __. (2) Polished rice
A A A Peptide (3) Apela
1 i 2 i 3 e 4 4 (4) Myoregulin/Dworf
(5) SPAR
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Putative ncRNA contains only
shorts ORFs (< 300 nt) that could
encode for functional peptides
with less than 100 amino-acids

HIDDEN PEPTIDES




HIDDEN PEPTIDES

how to identify them

A Coding RNA B
. . Frame 1 [ I T T T ] Frame 1 sy e o sy e gruye)
(A) ORF prediction iy T— _
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e : ) ORF []False ORF SPAR
mm) Difficult to predict which ORF encodes S
O ~—— |lFreernas [P NS ES— D Sample preparation RNA sequence
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(B) Computational Analysis ¥ Nuclease digestion i ‘
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mm) Prediction by comparison between species Lt || Poysomes — ¥ RNAsequencing 3
e ® Ji + * RRGH ARk Unmatched spectra with known proteins
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Sucrose gradient



HIDDEN PEPTIDES

how to identify them

A Coding RNA B
(C) Ribosome profiling o - e
Frame3[ | TTTI  Frame 2 e s ey sy vy Wy

RNAs bound by ribosomes are in active

Frame 3 l;cj'riil

translation, but also protected Hidden peptide-coding RNA
. . Frame 1 [ 11 | [orF
1#8363, with nuclease to isolate these mm%mm__a I = — == j Ex Ex2
o . Frame 3

RNAs, then sequencing and mapping R _Iv% it
(D) Peptidomic approach e e - 8aas— | S

Peptides concentrated and then analyzed . 408, 608 o MWCO, SDS-PAGE, etc.  Database, RNA-seq

in MS \ + Nuclease digestion + *

~—_—||80s o ai

Mass spectrometry Custom peptide

lﬁosgzwo: between MS/MS spectra and

custom peptide sequence database OG— ¥ RNAisolation sequence database
OUG— Polysomes = + RNA sequencing | + |
Ty ..l.-\ :
* Asad rapping Unmatched spectra with known proteins

1 Unmatched spectra correspond with hidden

peptide 7 _SEE . ¥
Sucrose gradient 5[ T ORF | 3 Identification of peptides
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(Polar Granule Component)
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Located to actively translating ribosomes

Peptidomic Approach

Confirmation of spectral pattern of endogenous peptide
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3 ORFs found in LINC0O0961 ,  FlagKnock-In 1-3 at C-terminal to validate

translation of each ORF (figure 3a)

IMMUNOBLOTTING: only ORF1 (sequence in

2 . . .
Frame +1 | ] | ORF2 (97 aa) 3 a figure 2) shows active translation
ATG ATG 7
3 wif 1T ] ORF2 and ORF3 don’t!
.
Frame +2 | || | ORF3 (33 aa) AT
araz[T 1 ]
F >
A ﬂﬂ ATG
Frame+3| | | | ORF1 (90 aa) wior [T 3
M b
satar+2f] | |
ATG ATG FLAG
Human mr»ox:_"_ 11 _M_
AUGGGAGCGAAGGCUCCGAGAGGACCUAAGGUUGCUCAGUGGGCC ¢ »
M G A KA PRGPE KV A Q W A ﬂﬁllAmw FLAG
FLAG KI-AATG2 []
AUGGAAACGGCAGUGAUUGGGGUGGUGGUGGUGCUGUUCGUGGUG ' >
M ET AV I G V V V VL F V V ﬂm ATG FLAG
ACUGUGGCCAUCACCUGCGUCCUCUGCUGCUUCAGCUGUGACUCA FLAL K gATi1 [l I
T v A I T C VW L C C EF S €C D s IU G
AGGGCCCAGGAUCCUCAGGGGGGUCCUGGCCGCAGCUUCACGGUG FLAG KI1-AATG1+2 |
R AQDTPO QGG GPGTRTSTFTV
GCCACGUUUCGCCAGGAAGCUUCUCUCUUCACGGGGCCUGUUCGT b

AT FRQEA ASULTFTG?P VR 2.0

CAUGCCCAGCCAGUGCCAAGUGCCCAGGACUUCUGGACCUUCAUG
H A QPV P S A QDT FWTT FM

1.5

UGA
-

Relative mRNA level




LINC00961 =»Polypeptided
i

Associated with the membrane

" e [ S| e
s Bls B 4 B, B Calnexin GM130  ORF1-FLAG(C)
N B W i - Transmembrane protein
3o | l_.l I-I -] Cytoplasm or
canein [l = _w| @] simply associated?
Hpoolwl o @@ o n“o .
[ [

a-calnexin

Homogenates treated with Na,CO; (0.1M)/NaOH (0.1M)

= Simple interaction with membrane disrupted (GM130)
= Transmembrane interaction maintained (Calnexin)

_._Zmoomm.H
e TRANSMEMBRANE
treatment MVHNO-H.MHZ




...more information about localization...

+ |+ -
- 1+ 4

(kDa)
=10

75

I Membrane fractions treated with _U—.O.nmmzmmm K= cytosol proteins degradation d .
Proteinase K: -
Triton X-100; -
* Calnexin = NO DIGESTION FLAG
e GM130 & FLAG-tagged protein = COMPLETE DIGESTION
Calnexin
=» C-TER IN THE CYTOSOL = TYPE | PROTEIN GM130

- l-_mD

e

FLAG (LINC00961)/EEA1 FLAG (LINC00961)/Catalase FLAG (LINC00961)/LAMP1

 Not with catalase (peroxisome)

- I Immunofluorescence staining for Flag

* Co-localization with LAMP1 (late endosome & lysosome)

FEEA1 (early endosome)

No lysosomal sorting
signal in the sequence

TYPE | PROTEIN LOCALIZED ON LYSOSOME




Why is SPAR located to the lysosome?

MASS SPECTROMETRY TO 1 4 subunits of the \Eallx-REXe Iyl

IDENTIFY INTERACTOME VOA1
VOA2
~  vop1
~  AP2
a Input IP (Flag) —U c
w0
: ? g
s £
- 2
Flag
VOAT ‘UNcooas; [
VOA2 Flag
LamPT | =
\ RagC o " 100
Flag-LAMP1 [ - | 100 75
Flag-p18 -— 20 HA
15
Flag-LINCD0961 - - -
In vitro Binding
Ab against ORF1 Assay

Interaction with
VOA1/VOA2
confirmead

Direct interaction
with ORF1




Link between V-ATPase & SPAR???

: FRACTIONED —— Medium
=  Wild Type LINCO0961 (WT);, ¥= by sucrose gradiont /

ATPEVOD1

a Light Medium Heavy
HEK293T cells, transduced with: e g cfutBct
— 18 - (kDa)
ATPBVODA1 o i W s
= Empty vector (Mock); \ R rg
ATPEVDA2 . e . i
-

>4_um<_>_ - - - _
_l_
= Mut LINCO0961 AbbﬂmH..va eavy — _.>z__uw_ --- _.4Oo
= |VOm._:mx_:_ -— - e ﬂwm
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o1 s 2 —e— 5 LOCALIZATION
8101 17 z g no differences
10{ [T . o %
B g 08 <
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Soe e =z
T <04 5
T 0.4 = m
202 3
0z 5° :
SN E I 2
o Mack ~ WT Mock  WT (LAMP2/DAPI)

FUNCTION LYSOSOMAL
MORPHOLOGY

no differences
No differences




Link between V-ATPase & SPAR???

NO DIRECT LINKAGE
BETWEEN V-ATPase &
SPAR ACTIVITY



Oxygen Insulin

Why SPAR interact with R
V-ATPase complex?

V-ATPase =» Ragulator Complex =» 3|_| O x H

mTORC1

- >c8v:m@<

._.B:m_m:o:

Amino-acid plays an

important role in PROMOTE GROWTH IN RESPONSE
P TO AVAILABILITY OF NUTRIENTS

mMTORC1 activation




Amino-acid impact on mTORC1 pathway

,_. Amino acids \_, Amino acids
@ PS o °
° . ® ® o o

= Ty ® LRS mTORCH
mTORC1 (X Inactive
Inactive /
@
Growth factors,
RagA/B )CTP/~ mToRCq
/ -.,,NQO\U DP Active U

Oxygen, Energy
Sooadre
Lysosome

GATOR

Shetore
complex




Leucine

Arginine

Insulin

SLC38A9

Amino Acids I\ \/ ( Arginine

ConA/
1 BafA1

(Lysosome

SPAR involvement in the
3._._0an\ mng<mﬁ_5m l IUAVHH’M\OHAW_.<_MWMN Um.vm.vm.vz

pathway



Relative absorbance (560 nm)
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TESTS ON SPAR & mTORC1

Normal aa levels

—4— Mock
—— WT
AATG1+2

1 2 3 4
Time (days)

p-S6K
S6K
p-S6

S6

NO DIFFERENCES IN
PROLIFERATION & mTORC1

ACTIVITY

l Mock

b 12ATG1+2

aa starvation (1h) & re-stimulation (10/30 min)

Proliferationff:Yed\1a"8
2. Localization, 3. Signalling

d Mock WT MTGle2  © "
Stim.(min: 0 10 30 0 10 30 0 10 30 T R
——————— —_—
pSoK| = - -l &1 _
2 1.0
SEK | 0 B0 e o 6 lue oo = a
5 0.8
p-S6 — - 2 06
o
0.44
S6 — — e - 2 _
T 0.2 :
p-4£8P | - _—- IJ!']IJ;
0 5 - [
o +
4EBP | = g 3 5
b

WV mTORC1 activity with WT
No differences with AATG1+2 _




TESTS ON SPAR & mTORC1 " PR, 3. Signaiiing

AATG1 = shorter (75 aa)

aa starvation (1h) & re-stimulation (10 min) Localization & Activity
e Ao Wt aaTae [ 2aTG1 BATG 142 f Mito-ORF1-FLAG Mitotracker Merge
Anstim (min 010 0 10 0 10 o 1) 0 10 $ e
\m p-S6K b —a - 15 _
© o» 1.0
%\ SEK | 5 e - o S - - ;M.o.m
) p-S6 - - -] - m 0.8 ._
Wb 204
W g 02 .
T Sl —s- oo
< o
2] |
M 1.0
- g o8 Lysosome
AATG1 inhibits more AATG1 IS 204
. 802 or
UOﬁmjﬁ_«\ mTORC1 activity SUFFICIENT TO T o—t—
§ | & .
than WT or AATG2 INHIBIT mTORC1 = 19 SO._”_J_SN_
W




TESTS ON SPAR & mTORC1

SPAR blocks aa signalling = OK!

1. Proliferation/Activit
2. Localization,  GETHITE

SPAR blocks other signalling pathways = ??| ) NO!

S6K - e e ows oae e el o5 p-Akt (S473)

g o )
w
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]
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L2}
>
J E

a b 1
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1.4 NS = =
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. [ = B 8 o
© 10

EGF

S6 A A SRS WS - Mo.m p-ERK1/2] -
p-4EBP _ 0=z -—
8 M M mEﬁ.@““”"'
4EBP - - - - W & e = o
<

Insulin and EGF
stimulation for
mTORC2

SPAR

Small regulatory Polypeptide
\ on Amino-acid Response

g h

12 NS v 1.4 _F_
o o
10 ! L 12 _
= C 10
aos B 0.8
2 0.6 e
> > 06
<@ 2
2 04 204
m 0.2 m 0.2
o o

04 04—

Mock
WT]

Mock
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SPAR regulates mTORC1 = WHICH POINT?

(JLOCALIZATION ] RAG ROLE

a Mock WT b Mock RagB%/RagD?"- Q [
mTOR LAMP2 mTOR LAMP2 701 Bl hock i Mock WT Mock  WT 1.6 Mock NS,
mTOR m 60| I WT Stim.(min) 0 10 0 10 0 10 0 10 x 14 mwr — ﬁ
3 -S6K - - ] _ @
LavPz & 50 p-S6K | - - - 2 12 il
@
T 40 mmx_'l-'olllll-_ 210
Merge = 5
S a9 NS % 0.8
— b= — p-S6 L - - b o G z
3 mTOR m 5 — 206
3 _ g
- | . Ak ma ﬁ _ G | - - - o G- by E04
: = Flag €2
-3 — 771, - - ' - 50 -
Merge (RagD" ™)
- Stim. (- Stim. (+) 0 L
- - RagE®
(RagB™™") a7 Mock RagB®®Y/

RagD"7L

1 No co-localization when SPAR is expressed i
1 SPAR function upstream RAGs

LV-ATPase role

e

. siControl siLINC00961 1 siLINC00961 2
Concanamycin

(V-ATPase inhibitor)

—»ConA: - - +} - - + - - 4+

Stim: -+ + - + + - + +
p-S6K == D o= e 1 SPAR works at v-ATPase level

mmx_.-..---"'_
|
-

p-S6 -

mm1.l|lll'l__lll.|l




SPAR regulates mTORC1 = WHICH POINT?

SPAR INTERACTS
AND REGULATES

V-ATPase
) HOW???




SPAR regulates mTORC1 = WHICH POINT?

h gstinc
M stim. (+

= AA Stimulation in Mock = YN\ Interaction v-ATPase/RAG

NS

il ] ﬁ T = AA Stimulation in WT = No changes

T 0.81

© 0.64

-l F 1 SPAR MAINTAIN v-ATPase-
e Ragulator-Rags SUPERCOMPLEX

(Release from v-ATPase)




Experiments in mice

In Vivo?

N
N

IN VITRO

i IP
2 @
(o R G [
Atpév0at L 7c

75

Spar '-5

SPAR co-localized with
v-ATPase complex in
mice

g

Relative mRNA level
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Human T v A I T ¢ Vv L € ¢ F S C D 8
Mouse T m & 1 T ¢ 1 L CXYF S ¥DS Functional conservation of SPAR
Human R 2 0 D P Q@ G G P G R S F T V¥V
Mouse H T @ D P E R § S R R S F T ¥ . .
Expression in skeletal muscle
Human A T F R Q E A S L F T G P V R
Mouse A T F H Q E A S L F T G P A L
Human H &2 9 P V P S A Q D F W T F M A
Mouse Q § R P L P R P Q N F W T V V
h %
(Atp6v0atl) - (Atp6v0a2)
D6 —
)
1 < ? 1
4
T 4
. €
g " .
T T £ = . -
. =
- v L] nnnua L4 L = - d
oy - - . - = O e | | a L oy ‘ || - l
£t O ® x5 € > 0 Ty 0 OO £ O O 5 € > 0 ®, D O
E5E€ 228§ 2 it s EE§5 522§ 2 £z s
2 r 4 5 -2 g 2B 2022 B o 3 24 5 -7 g 2 2022 B
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V-ATPase complex expressed in
skeletal muscle



. . . IN VIVO
Experiments in mice

a
sgRNA_1

Genome: ...gaccacccaccgtgttcggtgtgacaagtgccactcagaaatcATBgagacegeggtgattgggatggtggea. . .

SgRNA_2 (Sacll)

DNA oligo (200bp): .. .gaccacccaccgtgttcggtgtgacaagtgecactcagaaate---gagacegTggtgattgggatggtggea.

CRISPR/CAS9 = SPAR-deficient mice

e =

b Genotype: +/+  +/- | -/- N
Sacll: + + ¥ _ — -

1000 bp _

750 bp —— l
500 bp o — r
il |
250 bp : S — :

Genomic analysis for 3 genotypes
WGS = no off-targets



IN VIVO
Experiments in mice

| m n
12y NS 12y e 14 NS
! I Light JMedium [ Heavy g " _ 1of [ UM I
++ + o+ 4 1+ MW o 08 L : 0.8
351 NS Spar 2 2k =B & 3206 Los £ o6
301 M spar’- 8 &18 218 2 2804 Eo04 g
e ._. W wlw W W (kDa) m.mcm 0.4
2 251 b NS Atp6voat 75 = o2 02
0
..mu 20 el ._._ Spar*™ Spar’” 0 DMSO BafA1 ’ m.amw+\.+.m_n.m_..?
awu Atp6v0a?2 .o o Spart* Spar'-
JW. ———
.m, Atp6vOd1 - o 57
o 101 £
54 Atpévia m
0 v Lamp1 W
Male Female 3
ST No differences in v-ATPase localization
No morphologic differences (Immunoblot) No differences in Lysosomal morphology

LOCALIZATION, ASSEMBLY & LYSOSOMAL
FUNCTION OF v-ATPase DON’T CHANGE




IncRNA for SPAR mTORC1 111
TTT expressed in activated in skeletal
skeletal muscle muscle regeneration
, \
|

SPAR

ENVOLVEMENT???

* Rapamycin stops muscle regeneration blocking mTORC1



@ (For Extended data Fig. 8b-11g)

p-S6K
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® DR\ wB weight measuring
| I | | |
| | 1 1

Day: -1 0 4 14

Effect only in muscle
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2500

2000 A

-
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Mean area pf cells with
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-l
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o
i
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Body weight (g)
o

1Nl

Vehicle Rapamycin

o
(=]

5] L=}

(=]

Rapamycin

Vehicle Rapamycin

Vehicle

Rapamycin

- .- —-— — —

55K [N W

pSE /D @ -

Rapamycin/CTX
treatment

CTX = Cardiotoxin, snake toxin
= muscle injury

MTORC1 activity reduced by

Rapamycin

= NO MUSCLE REGENERATION



mv>_ﬂ mz<o_l<m_<_m2|_| HZ Leucine deprivation m ek@
MUSCLE REGENERATION *“™ -

EaslByr
ulator 1
(For Fig. 4c-4k, Extended data Fig. 8j-80, 9a-9m)
N
G
NS
S &S
&S [ i I\
S !
@@7 Oref)ﬂ WB and HC H&E staining and HAE staining Amino Acids
weight measuring
L1 1 | |
L} | n T L] m .- /
+/+
Day: -1 0 4 7 14 ﬂ cTX: . m.cm_«JF
— 4.0 _— / M spar
Control Leucine () ¥ Spart't i
© . ine (-
b 1.2 C cne - - diet diet 2 3.5 — .,wbmﬁlal . Control - Leucine (-)
B G I LI 2 3.0 ﬁ £3
L 10 £ 3le 3 BN 2 25 3l
$Tos 3 318 3 RN - = =E
D 0.6 p-S6K R (Short exp.) s m.m .
3E p-S6K @15 S
QT 04 (Long exp.) | - - o 58 A
QE O SEK | - | : £ 1.0 3
5] —40
3 oo SEK (WD) @ - = T 0.5 — mm l
p-Sé - - o . %rl.\mo __,|.
o4 w L_.D L_.m p-S6 _H H D.||I|.|_O T O NS
ontrol eucine (-] ———
Days after CTX S6|= =~ |6b & mm_H_ diet diet —_—

mTORC1 DOESN’T ACT
PHYSIOLOGICALLY, WITH OR WITHOUT l
SPAR, IF THERE’S NO LEUCINE

ROLE OF SPAR &

MTORC1 CONFIRMED




SPAR ENVOLVEMENT IN

MUSCLE REGENERATION

Stem cell proliferation 4
Differentiation 4
Maturation 4
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Stem cell proliferation 4

m_U>x mz<o_l<m_<_m_/_|_| IN Differentiation 4
MUSCLE REGENERATION Maturation 4
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SPAR ENVOLVEMENT IN Stem cell proliferation 4

Differentiation 4

MUSCLE REGENERATION [Maturation 4 |
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Injury in TA muscle

\

SPAR expression ¥

\

mTORC1 4

\

Stem cell proliferation 4
Differentiation 4
Maturation 4

\

Muscle regeneration 4

To summarize...




Final proposed model for
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