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Restoration of Rab1 levels m
itigates endoplasm

ic 
reticulum

 stress in hippocam
pal cells during protein 

aggregation 



Presence of protein aggregates in the course of 
neurodegeneration 

alfa-synuclein 
(substantia nigra) 

hyperphosphorylated Tau 
(hippocam

pus) 

D
em

entia &
 neuropsychologia 2009 D

O
I:10.1590/S1980-57642009D

N
30300003 



Protein oligom
ers/fibrils are considered m

ore toxic 
than aggregates 

Spread to 
surrounding cells  

Trigger 
inflam

m
ation  

D
issem

inate 
proteinopathy  



A
geing 

A
geing affects 

m
any organelles/

processes    
M

ain risk factor for 
neurodegeneration  



Protein aggregates im
pair intracellular dynam

ics 

J. N
eurochem

. (2008) 106: 495–505 



D
ysruption of intracellular traffic 

occurs prior to protein aggregation 
and m

ight lead to accum
ulation of 

m
isfolded proteins 

Experim
ental m

utations in Rabs 
and other traffic proteins increase 
aggregation of m

isfolded proteins 
in m

odel of PD
 

C
ause or effect? 



Intracellular trafficking is im
paired before 

protein aggregation 

In vivo and in vitro 
m

odels of protein 
aggregation 

M
otor proteins related 

to retrograde and 
anterograde traffic is 
m

isregulated prior to 
protein aggregation 



Rab proteins: Intracellular dynam
ics 

O
ver 60 Rabs w

ere described to date 



Rab Proteins 

N
ature Rev. M

ol. C
ell. B

iol. (2009) 10:513-525 (m
odified) 

RA
B

1 

D
elivery of specific cargos to 

specific cell dom
ains 

 R
esponsible for vesicles 

budding, m
obility betw

een 
intracellular com

partm
ents, 

anchoring of organelles, 
transport and fusion of 
m

itochondria, recycling and 
autophagy  
  G

ood drug target 



A
utophagy 2016 12(5): 900–904 

The role of Rab1 in the autophagy 
pathw

ay: 
 

Recruitm
ent of m

em
branes (ER) to form

 
autophagic vacuole 

 

Rabs and autophagy 



Rab1 overexpression restores autophagosom
e form

ation in cells expressing m
FU

S 

C
ell D

eath D
iscovery (2015) 1, 15030; doi:10.1038/cddiscovery.2015.30 

Rab1 in a cellular m
odel of A

LS 

FU
S m

utations have been described in 
hum

an sporadic and fam
ilial A

LS 
 FU

S-positive inclusions are present in 
affected tissues. 
 FU

S roles are im
plicated in RN

A
 processing 

and transport. 



Rab1 expression in an anim
al m

odel of PD
 

Rab1 overexpression prevents dopam
inergic neurons death 

 Role of restoration of ER-G
olgi trafficking and form

ation of autophagosom
es 

vesicles. 

Science (2006) 313(5785): 324–328. 



� To evaluate the expression of Rab1 and Rab6 in anim
al and cellular 

m
odels of protein aggregation 

A
im

 1 

N
athan R. Lim

a 
D

r. Thaiany Q
. M

elo 

RA
B

1 



ü
 

Inhibition of m
itochondrial com

plex I 
ü
 

A
ction upon neurons and glial cells 

ü
 

Prom
otes protein aggregation 

ü
 

Increases oxidative stress 
ü
 

M
im

ics ageing 

RO
TEN

O
N

E 

M
ethods 

W
estern B

lot 

Lew
is Rat 

N
ew

born 
Prim

ary culture 
A

ged (10m
onths old) 

A
lzet m

inipum
p 8 w

eeks 



C
haves et al. Ferrari (2016) http://dx.doi.org/10.1016/j.ibror.2016.09.001 

In vitro m
odel of 

protein aggregation 
Rotenone 0.3nM

:  
    48h =

 prior protein aggregation 
       (increased pTau levels) 

     72h =
 protein aggregation 

 Rotenone 0.5nM
:  

    48h =
 protein aggregation 

 Rotenone 1nM
:  

48h =
 cell death 

D
r. Rodrigo S. C

haves 
D

em
entia &

 neuropsychologia 2009 D
O

I:10.1590/S1980-57642009D
N

30300003 



48h exposure of rotenone 
(cultures) 
 D

ecreased Rab1 levels in the 
presence of protein oligom

ers 
and aggregates 
 • 

decreased ER-G
olgi 

trafficking, decreased 
autophagosom

e form
ation 

   Increased Rab6 levels after 
protein aggregation 
 • 

increased G
olgi-ER 

   Student’s T-test or one-w
ay A

N
O

VA
 

*p<
0.05,  **p<

0.01, ***p<
0.001 

com
pared to D

M
SO

. N
=

5 

Results – A
im

 1 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 



2- H
ow

 is ER physiology affected by protein aggregation? 
 3-  W

hat if Rab1 levels w
ere restored?  

 

A
im

s 2 and 3 

N
athan R. Lim

a 



ü
 

Inhibition of m
itochondrial com

plex I 
ü
 

A
ction upon neurons and glial cells 

ü
 

Prom
otes protein aggregation 

ü
 

Increases oxidative stress 
ü
 

M
im

ics ageing 

RO
TEN

O
N

E M
ethods 

Lew
is Rat 

W
estern B

lot 

Im
m

unocitochem
istry 

N
ew

born 
Prim

ary culture 

C
onfocal 

m
icroscopy 

Rab1 transfection 



Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

ER m
orphology changes from

 sm
ooth (arrow

 heads) to vacuolized (arrow
s) in the presence of protein oligom

ers and aggregation. 
  Scale bar=

50 µm
 for upper panels and 20 µm

 for low
er panels. 

Results – ER M
orphology 





50%
 of cells presented vacuolized 

ER during protein aggregation 
             O

ne-w
ay A

N
O

VA
  **p<

0.01 com
pared to D

M
SO

. N
=

5 

Results – Q
uantification of ER vacuolization 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 



ER stress 

A
dapted from

 Todd et al. (2008) N
at.Rev.Im

m
unol. 8 663 

If persistent 
C

H
O

P 
apoptosis 



Results 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

ER stress 
 Increased 
levels of 
cleaved A

TF6 
during protein 
aggregation 
    O

ne-w
ay A

N
O

VA
  

*p<
0.05 com

pared to 
D

M
SO

. N
=

5 



Results 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

ER stress 
 Increased 
levels of C

H
O

P 
expression 
during protein 
aggregation 
         O

ne-w
ay A

N
O

VA
  

*p<
0.05 com

pared to 
D

M
SO

. N
=

5 



Results 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

ER stress 
 Increased 
levels of C

H
O

P 
expression 
during protein 
aggregation 
 Rab1 
overexpression 
prevents the 
increase in 
C

H
O

P levels  
  O

ne-w
ay A

N
O

VA
  

*p<
0.05 com

pared to 
D

M
SO

. N
=

5 



D
ecrease in cell viability in the presence of 

protein aggregation agrees w
ith increased 

C
H

O
P levels 

           O
ne-w

ay A
N

O
VA

  *p<
0.05 com

pared to D
M

SO
. N

=
5 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

Results – cell viability 



D
ecrease in cell viability in the presence of 

protein aggregation agrees w
ith increased 

C
H

O
P levels 

      Rab1 overexpression prevents cell death 
    O

ne-w
ay A

N
O

VA
  *p<

0.05 com
pared to D

M
SO

. N
=

5 

Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

Results – cell viability 



Lim
a et al. Ferrari N

euroscience (2019) 419:5-13 

Results – ER vacuolization and Rab1 

C
ells expressing Rab1 present com

pacted ER (arrow
 heads) 

 C
ells lacking Rab1 show

 vacuolized ER (arrow
s) 

    Scale bar=
50 µm

 for upper panels and 20 µm
 



Sum
m

ary 

autophagosom
e 

Rab6 

Rab1 

ER stress 

ER rem
odeling 

D
ysruption of 

ER-M
ito contact sites?  

C
ell death 



autophagosom
e 

Rab6 

Rab1 

ER stress 

ER rem
odeling 

D
ysruption of 

ER-M
ito contact sites?  

C
ell death 

Rab1 

ER stress 

ER rem
odeling autophagosom

e 

Sum
m

ary 
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