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lncRN
A
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Transcribed

from
 genom

ic
DN

A (cDN
A)

➢
Lots

of classes
Differentbiological

involvem
ents

➢
> 200 nucleotides

➢
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&

 can contain
introns

➢
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N
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DE FO
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TEIN

S

FO
R

 R
E
A

L?!



Also
long non-coding RN

A 
are transcribed by RN

A-pol II + spliced 
+ capped
+ polyadenylated

Putative
ncRN

A
contains

only
shorts

O
RFs

(<
300

nt)
that

could
encode

for
functional

peptides
w

ith
less

than
100

am
ino-acids

H
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HIDDEN
 PEPTIDES

how
 to identify them

(A)ORF prediction
U

sually,only
long

O
RFs

encode
forprotein

Putative
lncRN

A
only

contains
shortO

RFs

Difficultto
predictw

hich
O

RF
encodes

(B) Com
putational Analysis

O
RF sequences very w

ell conserved

Prediction by com
parison betw

een species



(C) Ribosom
e profiling

RN
As

bound
by

ribosom
es

are
in

active
translation,butalso

protected

Treatm
ent

w
ith

nuclease
to

isolate
these

RN
As,then

sequencing
and

m
apping

(D) Peptidom
icapproach

Peptides
concentrated

and
then

analyzed
in

M
S

Com
parison

betw
een

M
S/M

S
spectra

and
custom

peptide
sequence

database

U
nm

atched
spectra

correspond
w

ith
hidden

peptide
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 PEPTIDES
how

 to identify them
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ID

D
EN

 
PEPTID
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Exam

ples

Pgc
(Polar Granule Com

ponent)
Pri

(Polished Rice)
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SERCA 

regulators
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SPAR
90 aa (hidden) peptide encoded by LIN

C00961
Identified by

A.      qPCR in H
ela cells

(both random
 &

 oligo prim
ers)

Poly-adenilation

B.    Representative ribosom
e profile

Located to actively translating ribosom
es

A

B

C.    Peptidom
ic

Approach

Confirm
ation of spectral pattern of endogenous peptide

C



D.     qPCR in H
um

an tissue &
 M

ouse tissue  
High

levels
of

m
RN

A
expression

in
lung,heartand

skeletalm
uscle

D[Data norm
alized relative to the value of cerebrum

]
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3 O
RFs found in LIN

C00961
Flag Knock-In 1-3 at C-term

inal to validate 
translation of each O

RF (figure 3a)

IM
M

U
N

O
BLOTTIN

G
: only O

RF1 (sequence in 
figure 2) show

s active translation
O

RF2 and O
RF3 don’t!

12

3
a

b

O
RF1 has tw

o in-fram
e ATG (ATG1 &

 
ATG2) w

hich can prom
ote translation 

w
ith sam

e results in term
s of (figure 

3b):

-
Produced m

RN
A

-
Polypeptide stability

TRAN
SLATIO

N
AL EFFICIEN

CY 
AFFECTS EXPRESSIO

N



LIN
C00961 ➔

Polypeptide 

H
om

ogenates treated w
ith N

a
2 CO

3 (0.1M
)/N

aO
H

 (0.1M
)

@
Sim

ple interaction w
ith m

em
brane disrupted

(G
M

130)
@

Transm
em

brane interaction m
aintained

(Calnexin)

A
ssociated

 w
ith

 th
e m

em
b
ran

e

T
ran

sm
em

b
ran

e p
rotein

 
or 

sim
p
ly associated

?

LIN
C00961 

polypeptide 
stays after 
treatm

ent

TR
AN

SM
EM

BR
AN

E 
PR

O
TEIN



…
m

ore inform
ation about localization…

�
M

em
brane fractions treated w

ith proteinase K
= cytosol proteins degradation

•
Calnexin = N

O
 DIG

ESTIO
N

•
G

M
130 &

 FLAG
-tagged protein = CO

M
PLETE DIG

ESTIO
N

➔
C-TER IN

 TH
E CYTO

SO
L = TYPE I PRO

TEIN

�
Im

m
unofluorescence staining for Flag

•
Co-localization w

ith LAM
P1

(late endosom
e &

 lysosom
e)

•
N

ot w
ith catalase (peroxisom

e)or EEA1 (early endosom
e)

N
o lysosom

al sortin
g
 

sig
n
al in

 th
e seq

u
en

ce

TYPE I PROTEIN LOCALIZED ON LYSOSOM
E



W
hy is SPAR

 located to the lysosom
e?

M
ASS SPECTRO

M
ETRY TO

 
IDEN

TIFY IN
TERACTO

M
E

4 subunits of the V
-A

TPase com
plex

‾
V0A1

‾
V0A2

‾
V0D1

‾
AP2

IP
B

oth
 V

0A
1 &

 
V

0A
2 b

ou
n
d
 b

y 
S
P
A

R
Ab against O

RF1
In

teraction
 w

ith
 

V
0A

1/V
0
A

2 
con

firm
ed

In vitro Binding 
Assay

D
irect in

teraction
 

w
ith

 O
R

F1



Link betw
een V-ATPase &

 SPAR
???

H
EK293T cells, transduced w

ith:

▪
Em

pty vector (M
ock);

▪
W

ild Type LIN
C00961 (W

T);

▪
M

ut LIN
C00961 (ΔATG

1+2)

FRACTIONED
by sucrose gradient

Light

M
edium

Heavy

LO
C

A
LIZ

A
T
IO

N
no differences 

FU
N

C
T
IO

N
no differences 

LY
S
O

S
O

M
A

L 
M

O
R

P
H

O
LO

G
Y

N
o differences



Link betw
een V-ATPase &

 SPAR
???

N
O

 DIRECT LIN
KAGE 

BETW
EEN

 V-ATPase &
 

SPAR ACTIVITY



W
hy SPAR

 interact w
ith 

V-ATPase com
plex?

V-ATPase ➔
RagulatorCom

plex ➔

Am
ino-acid plays an 

im
portant role in 

m
TO

RC1 activation

PRO
M

OTE GROW
TH IN

 RESPO
N

SE 
TO

 AVAILABILITY O
F N

UTRIEN
TS



Am
ino-acid im

pact on m
TO

RC1 pathw
ay

GATOR 
com

plex



SPAR involvem
ent in the 

m
TO

RC1 activating 
pathw

ay

H
O

W
 IT

 H
A

S
 B

E
E
N

 
D

IS
C

O
V

E
R

E
D

???

1

2



T
E
S
T
S
 O

N
 S

P
A

R
 &

 m
T
O

R
C

1

N
orm

al aa levels
aa starvation (1h) &

 re-stim
ulation (10/30 m

in)

N
O

 DIFFEREN
CES IN

 
PRO

LIFERATIO
N

 &
 m

TO
RC1 

ACTIVITY

Ð
Ð
Ð

m
TO

RC1 activity w
ith W

T
N

o differences w
ith ΔATG1+2

1
.

P
roliferation

/A
ctivity, 

2. Localization
,  3. S

ig
n
allin

g



T
E
S
T
S
 O

N
 S

P
A

R
 &

 m
T
O

R
C

1

ΔATG1 = shorter (75 aa)
ΔATG2 = longer (90 aa)

aa starvation (1h) &
 re-stim

ulation (10 m
in)

ΔATG1 inhibitsm
ore 

potently
m

TO
RC1 activity 

than
W

T or ΔATG2 

ΔATG1 IS 
SUFFICIEN

T TO
 

IN
HIBIT m

TO
RC1

Localization &
 Activity

Lysosom
e 

or 
nothing!

1
.

P
roliferation

/A
ctivity, 

2. Localization
,  3. S

ig
n
allin

g



SPAR blocks aa signalling = O
K!

SPAR blocks other signalling pathw
ays = ??

T
E
S
T
S
 O

N
 S

P
A

R
 &

 m
T
O

R
C

1

N
o Insulin-m

ediated 
activation!

Insulin and EGF 
stim

ulation for 
m

TO
RC2

N
o SPAR 

envolvem
ent

N
O

!

SPAR
=

Sm
all regulatory Polypeptide 

on Am
ino-acid Response

1
.

P
roliferation

/A
ctivity, 

2. Localization
,  3. S

ig
n
allin

g



SPAR
 regulates m

TO
R

C1 ➔
W

H
ICH

 PO
IN

T?
❑

LO
CALIZATIO

N

N
o co-localization w

hen SPAR is expressed

❑
RAG RO

LE

SPAR function upstream
 RAG

s

❑
V-ATPase role

SPAR w
orks at v-ATPase level

Concanam
ycin

(V-ATPase inhibitor)
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V
-A

T
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ase

HO
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???

SPAR
 regulates m

TO
R
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H
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SPAR
 regulates m

TO
R

C1 ➔
W

H
ICH

 PO
IN

T?

▪AA Stim
ulation in M

ock = Ð
Ð
Ð

Interaction v-ATPase/RAG

▪AA Stim
ulation in W

T = N
o changes

SPAR M
AIN

TAIN
 v-ATPase-

Ragulator-Rags SUPERCO
M

PLEX



Experim
ents in m

ice
5430416O09RIK
65%

 hom
ology w

/ hum
an

Functional conservation of SPAR

Expression in skeletal m
uscle

V-ATPase com
plex expressed in 

skeletal m
uscle

SPAR co-localized w
ith 

v-ATPase com
plex in 

m
ice

In Vivo???

IN
 VITR

O



Experim
ents in m

ice
IN

 VIVO

CRISPR/CAS9
@

SPAR-deficient m
ice

Genom
ic analysis for 3 genotypes

W
GS
@

no off-targets



Experim
ents in m

ice

N
o m

orphologic differences
N

o differences in v-ATPase localization
(Im

m
unoblot)

N
o differences in Lysosom

al m
orphology 

LO
CALIZATIO

N
, ASSEM

BLY
&

 LYSO
SO

M
AL 

FU
N

CTIO
N

O
F v-ATPase D

O
N

’T CH
AN

G
E IN

 VIVO



lncRNA for SPAR 
K
K
K

expressed in 
skeletal m

uscle

m
TO

RC1 ���
activated in skeletal 
m

uscle regeneration

SPAR 
ENVOLVEM

ENT???

*

*
Rapam

ycin stops m
uscle regeneration blocking m

TO
RC1



R
ap

am
ycin

/C
T
X

treatm
en

t
CTX

=
Cardiotoxin,snake

toxin
@

m
uscle

injury

Effect only in m
uscle

m
TO

RC1 activity reduced by 
Rapam

ycin 
>

NO M
USCLE REGENERATION
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m
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RC1 DO
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O

 LEUCIN
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LE O

F SPAR &
 

m
TO

RC1 CO
N

FIRM
ED
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M
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To sum
m

arize…



Final proposed m
odel for 

m
T

O
R

C
1

and its 
(dow

n)re
gulation by 

S
PA

R
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