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Introduction

This study looks into how mitochondrial fission (mitochondria splitting in two) and mitophagy (autophagy of
mitochondria) are affected by cofilin and actin.

Conclusions

Mitochondrial fission (larger mitochondria splitting in two) is associated with autophagy.

This mitophagy (mitochondrial autophagy) is proposed to be mediated by a lack of cleavage/degradation of the protein PINK which
sticks to mitochondria, enabling the recruitment of the protein ubiquitinase/ligase PARK (Parkin), which is a signal for auto phagy by
ubiquitinating (tagging) the mitochondrion for autophagy by LC3.

When stimulated (induced mitochondrial fission), cofilin (an actin depolymerizing protein) moves from the cytosol of the cell to the
mitochondria.

Cofilin is necessary for mitochondrial fission, and by extension mitophagy, to occur by interacting with g -actin on filamentous actin
around the middle of elongated, fission-ready mitochondrion.

Actin is necessary for mitochondrial fission to occur, as well as mitophagy. Any inability for actin to cycle between free G -actin and
its structured F-actin reduces mitochondrial fission and mitophagy.

Amendments
The drugs used throughout this paper have wide reaching effects, beyond those claimed by this paper (for example,
CCCP is not just a fission inducer).

Study Design & Additional Information

The researchers focused their efforts on largely measuring protein levels of a series of different
functional proteins (described below) within cancer cells (MCF-7 and MDA-MB231), as well as
taking microscopy images of fluorescent proteins to determine their localization (where they go
in the cell under varying conditions).

Mitophagy (mitochondrial autophagy) is mediated, at least partly, by the lack of cleavage of a
protein known as PINK2. Normally, this protein is cut to a shorter, non-functional version, but
when the mitochondrion needs to be disposed, PINK is left in its complete form to bind it and
then a ubiquitin ligase (a protein that adds ubiquitin tags to things) will attach ubiquitin
molecules to the mitochondrion (the name of this ligase is PARK2/Parkin). From there, LC3-|
begins the process of autophagy until it matures (now LC3-1) into the vesicle/membrane that
envelopes the mitochondrion and degrades it (mitophagy).

Cofilin is a protein that binds polymerized/filamentous actin (actln that is structured together, F
actin) to depolymerize it back to its single form (G-actin). Actin is a protein used for cellular
movement and to move things throughout the cell.

Mitochondrial fission is a process wherein a large mitochondrion will split into two smaller
mitochondria.

CCCP: Mitochondrial fission inducer/promoter.
ETO & STS: Cell apoptosis inducers/promoters.
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Abstract
Mitochondria fission and mitophagy are fundamentally crucial w cellular physiology and play important moles in cancer
ion, Developing a comprehensive understanding of the molecular mechanism underfying mitochondrial fission and
mitophagy will provide novel strategies for cancer prevention and treatment. Actin has been shown o participate in
mitochondriul fission and mitophagy regulation. Cofilin is best known as an actin-depolymerizing factor. However, the
molecular mechanism by which cofilin regulates mitochondrial on and mitophagy remains Largely unknown. Here we
report that knockdown of colilin and I of cu i = PINK 1/
PARKJ-dcpcndrnl mitophagy induced by staurcsporine (STSh uupoud.\_ (ETOD), and  carbonyl cyanide 3-
vl e (COCT). Cofil lated-PINK 1 {PTEN-induced putative kinase 1) accumulation mainly depends
on s rq.ul.mun of mitochondrial proteases, including peptidase mitochondrial processing beta (MPPf), presenilin-
associated rhomboid-like protease (PARL)Y, and ATPase family gene 3-like 2 (AFG3L2), via mitochondrial membrane
potentinl activity, We also found that the interaction and coloc on of G-aetin/F-actin with cofilin wt mitochondrial
fission sites undergo constriction after COCP treatment. Pretreatment with the actin |>o|ylmn1.|(|\m inhibitor latrunculin B
(LatB) increased and actin-depolymerization inhibitor jusy e (Jas} o 1 fal trnslocation of actin
induced by TS, ETO, and CCCP. Both LatB and Jas abrogated COCP-mediated mitochondrial fission and mitophagy. Our
darn suggest thar Geactin is the actin form that is I 1w hondria, and the actin-depoly merization activity
reguluted by cofilin at the mitochondrial fission site is crucial for inducing mitochondrial fission and mitophagy.
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Introduction production and regulation of cellular signaling and cell

death [1-4], Mitochond: 3
Mitochondria are double membrane-bound organelles that IﬂLllldll\‘ fusion and fission, which are important for
have diverse biological functions such as i

of | 1l funetions [5=71. In mearmn

mitofusinl (Ml ). mitofusin2 (Mfn2), and optic atrophy |
TOPALY are involved in the regulation of mitochondrial
— - Iu'-lsm Ik lJI and dynamin 1-like (Drpl) participates in
Gue-Bing Li and Hong-Wei Zhang contributed equally s this work, . hondrial fission [10], A recent study
' 1 that el lular cytoskeleton comy such as
in filaments might play a crocial role in mitochondrial
fission [11, 12], e is increasing evidence that actin
1 Roag Zhang participates in mitochondrial fission through interaction
sqphammacylabiE | 26,com with Trpl [13, 14]. It has been reported that the actin
polymerization inhibitors cytochalasin D, latrunculin A
{LarA), and latrunculin B (LatB) do not affect mitochondrial
morphology but abrogate mitochondrial fission induced by
a mitochondrial wxin [11. 13]. In one repor, LatB also
evidently atienuated mitochondrial fission in U208 cells
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mitochondral fragmentation in cultured nevrons [ 16]. Thus,
the i hanism of acti i i
Fssion remising unclear.

Mitophagy is the selective process responsible for
degradation of damaged mitochondria by autophagy. which
plays an imporant role in cancer progression [17]. In
mammals. PINKI (PTEN-induced putative protein kinase
1) and PARKZ iparkinson profein 21 participate i the

mitophagy, We found that cofilin-regulated mitochondrial
fission  and  mitophagy  depend  on the  acti
depolymerization activity of cofilin al the mitochondria

regulation of mitophagy [18]. Under mormal
PINKI is rapidly degraded by mitochondrial proteases,
including matrix processing peptidase alpha (MPPa). matrix
processing peptidase beta (MPPR), ATPase family gene 3-
like 2 {AFG3L2), and presenilin-associated rhomboid-like
protease (PARL), 1o generate a 52kDa fragment and ulti-
mately degraded by the p 119, 20]. Drepolarizat

Results
4 Induction of mitochondrial fission is 4
by H induction of mitophagy

First, we investigated the effects of mitochondrial fssion-

cnls. such as the uncoupler carbonyl cyanide m-
chborophenylhydrazone (COCP) and the apoptosis inducers
porine (STS) and etoposide (ETO), on the mor-

of the mitochondrial membrane potential (A%m) medisted
by COCP blucks import and stabilizes PINK1 on the outer

i ! leading o i of PARK2
1o the mitochondria, which in e tates mitophagy [19].
Mitophagy is preceded by mitochondrial fission [21].

phology of mitochondria in human breast cancer cells. The
mitochondron-selective probe Mitolracker Red CMXRos
was employed o label mitochondria. Treatment of MDA-
MB-231 and MCF-T cells with STS, ETO and CCCP
resulted in increnses in mitochondrial fission, s reveled by

Inhibition of the fission machinery through Depl o
negutive expression reduces the level of mitophagy [22]. A
wery recent study revealed that actin plays a critical role in
the regulation of mitophagy [23], Actin has been considensd
1o be a regulator of the initial fo ion of ih

the hological alerations and signifi decreases in
the average length of mitochondria (Fig. 1a, Supplementary
Fig. 1.

Accumulating evidence indicates that mitochondrial fis-

in starved cells [24]. However, it is nol clear how actin
influences mitochondrial fission and

sjon is a for mitophagy [30. 21]. and thus, we
next determined whether TS, ETO. and CCCP affect
i RFP-Mito (Red) and GFP-LC3 {Green) plas-

It is highly likely that other proteins, such as codiling are
imvolved in the mechanism of mitochondrial fission through
the ahility w0 accelesate both actin assembly and dis-
assenbly, Cofilin_is_an_actin-depolymerizing factor that
increases actin filament wmover [25]. Increasing evidence
has revealed that mitochondnal trnshocation of cofilin
plays a crucial role in apoptosis initistion [26]. nky
dey tated_cofilin (Serd) can ranslocate fromthe
ytosl mitochondria [E]. Currently, only a small
mumber of reports point to the role of cofilin in regulating
mitochondrial fission. A recent study demonstrated  that
LIM kinase-2 {a cofilin phosphorylation regulator) pro-
medes programmed necrotic death in nevrons through Drpl

i ! ion-mediated mi Fssion

mids were transfected inte cells 1o label mitochondria and
awtophagosomes, As shown in Fig. 1b, ¢, tremment of
MDA-MB-231 cells with 3TS. ETO, and COCP caused
pronounced colocalization of GFP-LCS and REFP-Mimo,
Western blot analysis showed that treating cells with 3TS.
ETO, and CCCP incressed the LC3B-IL expression in

i fractions and d; d the levels of several
mitochondrial proteins, including heat shock 60 kDa proein
1 (HSP6), ranslocase of outer mitochondrial membrane 20
homolog (Tem20), and veltage-dependent anion channels
IVDAC) (Fig. 1d), Tuken together, these findings indicate
that induction of mitechondrial fission by STS, ETO. and
COCP was accompanied by simulaneoss induction of

[27]. Unidler oenaim regulates
mitochondrial fission by interueting” with Dl |25].
Downregulation of cofilin resulted in mitochoadria elon-
pation, This event s associated with Drpl mitochondrial
translocation [11, 28], A swdy by Preau 8. et al. also
demonstrated that cofilin-actin signaling might affect the
balance between mitochondrial fragmentation and mito-
phagy [29]. However, the molecular mechanism by which
cofilin-actin signaling affects mitochondrial fission and
mitophagy remains largely unknown,

In the present study, we evaluated the robe of cofilin-actin
signaling in  regulating  mitochondrial — fission and
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Mitochondrial fission-inducing agents trigger
PINK1/PARKZ-dependent mitophagy

It has beer
membrne

PINK

nlool PARKZ 1o the mitoschonde,
es mitophagy [32, 33). We next tested
whether STS, ETO, and CCCP affect PINK accumulation,
Treatment of breast cancer cells with 5TS, ETO, and CCCP
resulted in increases in the expression of full-length PINKI

PINK1 is a kinase (enzyme that adds a phosphate to a protein) that is normally degraded, but if
mitophagy (mitochondrial degradation) is needed, PINK1 is allowed to stick to the outer membrane of
the mitochondria, which recruits the PARK protein (Parkin) to the mitochondrial membrane, as well.
This two part action signals for mitochondria to undergo mitochondria autophagy (mitophagy), but
before doing so, mitochondria undergo mitochondrial fission (mitochondrion separating into smaller
mitochondria).




1487

a Control

m
=
=}

Zoom

90 cells in theee
ol), b
ansfected with GFP-LC3 sexd REP-mito

independent expes ( 0.01 vs. the ¢

MDA-MB

Q
a
o
v

(2]

Mito

Mitochondria length (pm)
a
1

L
R
R .
=8
d T
g
€3
25
o3
2
8
&
STS(M) _ETO (M)  CCCP (M)
& 10 40 8 50 100 200 5 10 20
LC3B4 L
LC3B — - —— - — - |

COX IV | e 0 WD D WS S0 S0 S 0 17
HEFID - e — — —— e —— Les

TOM20 | S ——————

VOAC | S o s o - — - —— " L

Tubulin | [%

ds. then treas

indicated in a. cells were observed by ©
Bare 1Dpm, € T

nicrose ol

o puss.

GFP-LC3 quantified from 90 cells i 3
independent ¢ 8D, 7P < 0.01 vs. the control). d
MDA-MB-23 od with STS {10, 40, and $00M), ETO
S0, 100, M) for 90, cells were col-
Jocted, mitoch cell lysates wene prepared

Figure 1

[1A] The researchers have added a red colored tracker of mitochondria in cells to measure the
length/size of mitochondria after the addition of various drugs (STS, ETO, CCCP) that induce
mitochondrial fission and apoptosis (cell death).

[1B&C] Here, they have genetically manipulated the cells to express green where the LC3 protein is
found (this protein is part of the autophagy system), as well as the previous mito tracker that expresses
red for mitochondria and are measuring the co-localization of the two. [1C] is the quantification of that
co-localization.

Primary Results

- Mitochondria are smaller upon use of the three drugs mentioned.

- Greater mitochondrial co-localization between mitochondria and autophagy proteins when the three
fission inducing drugs are used.

Take Away: Mitochondrial fission (and possibly apoptosis) is associated with autophagy
(therefor, assumed mitophagy).

(=64 kDa) and decreases in the expression of cleaved
PINKI (~52kDua) (Fig
further confirm that PINKI accumulates in depolarized
mitochondria in response 0 STS, ETO, and CCCP treat

ment, immunofluorescence microscopy was employed to

upplementary Fig. 2a). To

New Section 6 Page 3

detect the colocalization of PINKI and mitochondria. As
shown in Fig. 2b, PINKI was precisely colocalized with
fragmented mitochondria after treatment with STS, ETO
and CCCP.

SORINGER NATURE
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Figure 2

[2A] The researchers are investigating if PINK1 is cleaved (which is normal) or at full length (which is an
initial signal for mitophagy (mitochondrial autophagy)) in control (normal) conditions, as well as with the
three mitochondrial fission and apoptosis inducing drugs (STS, ETO, CCCP). The darker the smudge, the
more there of the protein there is. [2B] Here, the researchers are visualizing the localization of PINK (green)
and mitochondria (red) and seeing if they localize similarly (overlap between the two is seen as orange).
[2C] The researchers are finding the quantities of PARK2 (a second signal of mitophagy - Parkin), as well as
LC3B (an autophagy protein) without (Con) and with the three fission/apoptosis drugs (STS, ETO, CCCP).
The darker the smudge, the more there is. [2D] The researchers are again visualizing fluorescent proteins
for each of their proteins of interest - LC3 (green), PARK2 (blue), and Mitochondria (red). This is to see the
localization and mitochondrial shape between the three with and without the three drug treatment.

Primary Results

- PINK1 remains uncleaved with fission induction.

- PINK1 co-localizes with mitochondria with fission induction.

- PARK2 and LC3 are elevated and localized with mitochondria with fission induction.

Take Away: PINK, PARK, and LC3 are all associated with mitochondria with the induction of
mitochondrial fission and possibly apoptosis.

We next examined the effects of STS, ETO, and CCCP
on the expression of PARK2 and LC3 in mitochondria. The
mitochondrial levels of PARK2 and LC3B-II were
obviously elevated in cells weated with STS, ETO, and
CCCP (Fig. 2c, Supplementary Fig. 2b). We also observed
that the colocalization of PARK2 with LC3 and mito-
ed after STS, ETO, and CCCP treat
2d). Taken t

chondna was incre
ment (Fi

her, the findings suggest that
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PINKI and PARK2 are involved in mitochondrial fission-

inducing agent-induced ¢

higy

itochondrial location of cofilin is involved in
mitochondrial fission

Recent evidence indicated that mitochondrial translocation
of cofilin plays a crucial role in initiation of mitochondrial
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Figure 3

[3A] The researchers are measuring the amount of cofilin (the other proteins are merely controls) found in each
section of the cell with increasing concentrations of the already discussed drugs (STS, ETO, CCCP) - Mito is
around the mitochondria, Cyto is in the cytosol exclusively, and WCL is the whole cell. Cofilin is a molecule that
binds actin protein pieces that are arranged in a filament and breaks them off the filament to recycle them in a
pool of actin that can then be re-used for generating new filaments (more details are listed in the "additional
information” section). The graphs are just a visual of the smudges. The darker the smudge, the more of the
protein is present. [3B] The researchers are visualizing the co-localization of cofilin (green) and mitochondria
(red), with close association being orange, in control (unmanipulated) cells, as well as the three drug conditions
mentioned previously.

Primary Results

- With inis ion of drugs, cofilin d in the cytosol of the cell, but increases in the mitochondrial
compartment, yet shows no differences in whole cell.

- Cofilin co-localizes with mitochondria when fission is initiated.

_v Itis likely that cofilin moves from the cytosol to localize around mitochondria.

fission and apoptosis (26, 28]. Next, using westem blot
ETO, and CCCP
treatment  affects mitochondrial translocation of cofilin
Treatment of cells with STS, ETO. and COCP resulted in a
dose-dependent increase in the expression of cofilin in

analysis, we determined whether STS,

mitochondna and a decrease in the expression of cofilin in

New Section 6 Page 5

the cytosol (Fig. 3a, Supplementary Fig. 3). To determine
whether cofilin was colocalized with mitochondria, an
immunofluorescence microscopic study was employed. As
shown in Fig. 3b, treatment of cells with STS. ETO, and
CCCP cansed pronounced colocalization of cofilin with
fragmented mitochondria. Together, these findings indicate

SORINGER NATIRE
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b The researchers are using a silencing RNA (technically short hairpin - shRNA) to knockdown the expression of
shCon shCoilin-1 shCofiln-2 cofilin (the actin depolymerizing protein) and seeing what effects can be seen in a number of conditions.[4A,B]
N Q _ ] _ 2 The researchers are using these silencing RNA to test if the silencing RNA actually works compared to control
& &2 é\o & __,':\‘9 Q’\O (‘,l/ F L& (no silencing occurring) in [4A]. In [4B], they are measuring the effect of silencing cofilin on other proteins of
importance under the three drug conditions that induce fission/apoptosis (STS, ETO, CCCP) - PARK2, which is a
Cofiin ——— preliminary signal for autophagy; LC3B-II, which is a later signal of autophagy; COX IV is a control that shouldn't
- change to compare the relative amounts of each protein amount to the unchanging COX IV amount. The darker
PARK2 ——-— I the smudge, the more protein. [4C-D] The researchers are taking images to see if proteins LC3 (autophagy
related, green) and mitochondria (red) co-localize (shown in orange if they do), with and without the addition of
LC3B the drug CCCP with cofilin knocked down (by silencing RNA) - shCon is the control (no silencing of cofilin). The
L bar graph in [4D] is just the quantification of co-localization. [4E] They are showing the length/size of the
LCIB- —— mitochondria with the knockdown of cofilin; shCon is the control (no knockdown); sh-cofilin-1 is the first

knockdown of cofilin; sh-cofilin-2 is the second knockdown of cofilin - with and without CCCP drug added.

COX IV /- - -
" : Primary Results

- Cofilin knockdown works.

- Cofilin knockdown also knocks down LC3-Il and PARK2.

- Cofilin knockdown stops colocalization of LC3 to mitochondria.

- CCCP does not rescue mitochondrial fission when cofilin is knocked down.

d 35

Take Away: Cofilin is a necessary protein for mitochondrial fission and autophagy to occur.
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a b c Vector Control Cofilin-WT
2

g 3
NP & A0 d
FELEEFLES

Cofilin - - -——
PARK2 B — FigureS
L3 = In the last figure (figure 4), the researchers knocked down cofilin - now, they are overexpressing it (the cell
- E—— I generates more of it). [5A,B] The researchers are simply measuring their overexpression (CofilinWT) works by
S | - measuring the cofilin protein level compared to control (Con and Vector Control) - [5B] is the quantification of the
= 2 smudge darkness and size (darker and larger is more protein).[5C,D] The researchers are comparing the levels of
COX [V (NS G D GID 5D GBS = other relevant proteins, with and without overexpression of cofilin, under the three drugs (STS, ETO, CCCP) that

induce mitochondrial fission and cell apoptosis - PARK2, which is a preliminary signal for autophagy; LC3B-II, which
is a later signal of autophagy; COX IV is a control that shouldn't change to compare the relative amounts of each
CRnWT protein amount to the unchanging COX IV amount. The darker the smudge, the more protein. [SD] is the

| == quantification of [5C]. [SE-G] The researchers are taking images to see if proteins LC3 (autophagy related, green)
and mitochondria (red) co-localize (shown in orange if they do), with and without the addition of the drug CCCP with
cofilin overexpressed (Cofilin-WT). The bar graph in [5F] is just the quantification of co-localization. [5G] They are
showing the length/size of the mitochondria with the overexpression of cofilin- with and without CCCP drug added.

o

Primary Results

- Cofilin overexpression increases autophagy markers.

- Cofilin increases co-localization of mitochondria with autophagy markers (LC3-11)

- Cofilin overexpression decreases size of mitochondria, especially when fission is stimulated by CCCP.

% Proteins / Cox IV
2
g

LC381

Cofilin

Take Away: More cofilin present allows more mitochondrial fission and mitochondrial autophagy (mitophagy)

e Vector Centrel Collin-WT
to occur.

Miochondria length (um)

o
a
a
S e

Vector Cattn WT
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A Flg. 5 Orverexpression of cofilin inereases misochondrial fsshon and
misophagy induced by simrosponinelesoposide/COCE, @ The expres-
sicm of cofilin in MDA-MB-231 cells stably expressing vector cantred
or Cofilin-WT plismids. b The relative imensities of cofilin were
normalized 1o whulin from 3 independent experiments { P < 01
compared i vecior control group). € Cells were trenied without ar with
STS (40 nM), ETO { 100 pM) or COCP (10 pM) for @ h, misochondrial
fructives were prepared amd detected by immunablotiing. d The rela-
tive intensities of proteins were nommalized o COX IV, the duta were
presented s a percentage of each contd group, which was set at
1005, P = D01 companed to veelor control untrested proup, ™5
< 0401 compared to veclor contrul reaed with STS group, P <
D companed to vector contral teated with ETO group, “4P < (101
compared 1o veetor contred treated with COCP group. @ Viector controd
or Cofilin-WT cells were transfected with GFP-LC3 and RFP-mito
plassmids, treated with COCP {10 ) for 9 h, images were caplured by
comlocal microscopy. Seale bars: 10 pm. £ The colocalizatson pancta of
GFP-LCS and RE-Miso per cell was quantified from 0 cells i 3
independent expesiments (e £ S0, 78 < 0001, g The mitoehon-
drial Jength was quantified from 0 eells bn thiee independent
experiments (mean x50, F < 041 )

that mitochondrial ranslocation of cofilin is involved in the
mitochondriul fission induced by 8T8, ETO, and CCCP
neatment.

Knockdown of cofilin attenuates, whereas

cpression of cofilin p i itoch
fission and mitophagy induced by STS, ETO, and
ooce

To further evaluate the functional role of cofilin in STS-,
ETO- and CCCP-induced mitochondrial fission and mite-
phagy. two lentiviruses carrying shRNA (shCofilin-1 and
shCofilin-2) were employed 1o stably knockdown cofilin
expression in MDA-MB-231 and MCF-T cells (Fig. 40
Supplementary Fig, 4a). Depletion of cofilin observably
reduced the mitochondrial translocation of cofilin induced
by STS, ETO, and CCCP trestment in both MDA-MB-231
and MCF-7 cells (Fig. 4b, Supplementary Fig. 4b). Becouse

itochondrial fission is a isite for mil V. W
next examined whether knockdown of cofilin affects mito-
phagy. Western blot analysis showed that depletion of
cofilin evidently reduced the mitochondral levels of
PARK2 and LC3B-1I, induced by STS, ETO. and CCCP
trearment in both MDA-ME-231 and MCF-7 cells (Fig. db,
Supplementury Fig, dhh In addition, using  confocal
microscopy, we found that depletion of cofilin significantly
reduced the colocalization of mitochondria with LC3 in
CCCP-wreated cells (Fig. de, d). Knockdown of cofilin also
reduced mitechondrial fission induced by COCP wreatment
{Fig. 4c. ). Together. these findings suggest that knock-
down of cofilin atentes miochondrial fission and mito-
phagy induced by 8T8, ETO, and CCCP.

To further definitively assess the fi
of cofilin in regulation of mitochondrial fission and

SPRINGER NATIEE
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mitophagy, o plasmid construct encoding wild-aype cofilin
(Cofilin-WT} was employed. The marked increased in
cofilin ar the protein level was observed in both MDA-ME-
231 and MCF-T cells transfected with wild-type cofilin
{Cofilin-WT) (Fig. 5a. b, Supplementary Fig. Sa). Over-
expression of cofilin increased mitochondrial translocation
of cofilin, PARK2 and LC3B-11 induced by STS, ETO, and
CCCP treatment in both MDA-MB-231 and MCF-7 cells

{Fig. 5c. d. v Fig. 5b). F immu-
Il i revealed that lization of
mitochondria - with  LC3  was  increased  in cofilin-

overexpressing cells treated with CCCP (Fig. Se. f).
Finally, p af cofilin enhanced
mitochondrial fission induced by CCCP wearment (Fig. Se.
). Taken together, the findings suggest that cofilin is an
important regulator in mediating mitochondrial fssion and
mitophagy.

Cofilin-mediated PINK1 accumulation mainly
depends on cofilin regulation of protease
: a mitochondrial 1

9

activity

Because the accumulation of active PINKT on the milo-
chondrial surface leads o rec ent of PARK2 to the
mitochondra, culminating in initiation of miophagy (21,
22], we next examined the role of cofilin in regulation of
PINK | activation. As shown in Fig. 6o, weatment of MDA-
MB-231 cells with 5TS, ETO and COCP resulted in o
marked increase in the expeession of full-length PINKI
(=64 kDay and o decrense in the expression of cleaved
PINK (=52 kDu). Overexpression of cofilin further
enhunced the increase in the levels of full-length PINK D and
the decrease in the levels of cleaved PINKI induced by
STS, ETO, and COCP treatment. In contrast, knockdown of
eofilin led o decreased expression of full-length PINE ] and
increased expression of cleaved FINKIL. Similar results
were noted in COCP-trested MCF-T cells (Supplementury
Fig. 6. b). Together, these findings indicate that cofilin may
play a ertical role in regulating PINK 1 accumulation and
function.

Since STS, ETO, and CCCP weatment induced mito-
chondrial translocation of cofilin and accumulation of
PINKI on the mitochondrial surface, we next examined
whether colilin directly colocalizes with PINKI at mito-
chondria vsing immunofuorscence microscopy. We did
ot observe colocalization of cofilin and PINK1 in cells
after 8T8, ETO, and COCP treatment {Supplementary Fig.
T, suggesting that cofilin may indirectly regulite PINK1
accumulation on the mitochondrial surface through other
mechanisim,

Recent evidence indicates that PINKI is rapidly degra-
ded by several mitochondrial proteases [19, 20, 32], and
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therefore, we next examined whether overexpression or
knockdown of cofilin regulates the expression of mito-
chondrial proteases, including MPPa, MPPP, PARL, and
AFG3L2, in response to STS, ETO, and CCCP treatment
Treatment of MDA-MB-231 cells with STS. ETO, and

Actin

COX IV [ ————— - — -

Tubuin

d o Zoom

CCCP decreased the levels of MPP, PARL und AFG3L2
but did not alter MPPa levels. Overexpression of cofilin
evidently enhanced STS-, ETO- and CCCP-mediated
decrease in the levels of MPPP, PARL, and AFG3L2. In
contrast, knockdown of cofilin markedly abrogated the

Zoom 3

CCCP Zoom 1 Zoom 2

P Zoom 1 Zoom2 Zoom 3

New Section 6 Page 10

Figure 7

[7D] The researchers are now looking at the interaction between cofilin (the actin depolymerizing protein from
previous figures) and g-actin (globular, single protein actin; as in, not in a filament anymore), because cofilin binds
actin, leading to its dissociation from actin filaments. G-actin is in green. Cofilin is in blue. Tom20 is in red (a marker
of the outer mitochondrial membrane - mitochondria, in general). Where you see pink/purple there is overlap between
the proteins. This experiment is with or without CCCP (mitochondrial fission drug). [7E] The experiment is the exact
same as with [7D], but the Tom-20 is replaced by a general mitochondrial marker (RFP-Mito). [7F] The researchers
are showing the outer membrane of mitochondria (TOM20 in red), as well as single proteins of actin (G-actin in
green), as well as the depolymerizing protein (cofilin in green), and chains of actin (F-actin in green) to show the co-
localization on the mitochondrion. Note: Figure 7A-C are confirmation of 7D and E with more drugs - same pattern
seen.

Primary Results

- Cofilin and g-actin are co-localized with mitochondria.

- F-actin is also localized around mitochondria.

- Long mitochondria only have localization of actin (G or F) and cofilin around the middle of the mitochondrion.

Take AWay: Cofilin likely interacts with g-actin and f-actin in particular manner that allows mitochondrial fission
to occur - in what way exactly is unknown based on this data.
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A Flg 7 Actan interscrion and colocalization wath cofilin a the miso-
chondrial fission site, 8 MOA-ME-231 cells wene weaed with 5T5
400, 200, B0k ETO S0, 100, 300 b or COCE (3, 10, 20 g} far
9 h, the expression af sctin in mitochosdrial fractions were determinesd
by imemunchloging. COX 1V was used 25 mitochondrinl fractions
marker. b Cells were tremed withcest or with STS (80 nh{), ETC (200
WMy or COCP (20pM) for 9 h, milochondrin wene parified and
digessed by proteinase K (10ngiml) on ice far 10min. followed by
centrifisgation al 17000 « g for 15 min, pellet was washed twice with
Reagent C in Mitochondria Isolation Kit (Pierce, B9874), then lysed
for western bt analysis. © Immunoprecipitation for cofilin and actin
in misochondrial fractions. d MDA-MB-231 cells were treated with

Gactin was stained by Alexa Fluor 594

1, sfler imemunestaining with cofilin

dblue) s Tom20 imitochondial marker, red), cells wene abserved by

comfocal micrascopy. Seale bare 10pm e RFF-miso-cxpressing

MDA-MB-231 cells were teated with COCP (20pM) for 90, F-

actin was stsned by Alexa Fluoe 458 Phallosdin. sfier immanossning

withy cofilin ihiee), images were captured by confocal micrascopy.

Seale bars: 10, £ Cells were treated with CCCP 160 b} for 9 b, F-

actin nd G-sctin were stwined by probes; after immwnostsining with

cofilin and Tom20, cells were abserved by saper-resalusion micro-
scapy. Armowheads indicite consariction andior fission sites, Scale

hars: 1 m

STS, ETO- and CCCP-induced decrensed expression of
MPPR, PARL, and AFG3L2 (Fig. fa).

Processing and stability of mitochondrial proteases are
regulated by the mitochondrial membrane potential, and
loss of miwchondrial membeane potential induced by
CCCP resulted in mitochondrial protease degradation [32].

We next examined whether o

(Fig. Tu, Suppl v Fig, 3 and 8). We
used proteinase K o digest the outer mitochondrial mem-
brane and examined the accurate mitochondrial location of
cofilin and actin as deseribed previously [26. 28], Immu-
noblotting analysis showed that both mitochondrial actin
and cofilin induced by 8TS, ETO, and CCCP were com-
pletely digested by proteinase K. but the intemnal mito-
chondrial marker Cyto © was nol digested by proteinase K
{Fig. Th). suggesting that both actin and cofilin are localized
at the outer mitochondrial membrane.

Cofilin regulates the dynamics of actin filament assem-
blyidisassembly by binding actin with high affinity [25].
We next tested whether cofilin interacts with actin on the

itochondrial h 1 ipitation  assays
indicated that cofilin was co-precipitated with actin in the
mitochondrial fraction after wrearment with STS, ETO, and
CCCP (Fig. Teh. There are two forms of actin, namely,
globular actin (G-actin) and filamentous actin (F-actin) [34].
We then labeled Geactin and F-actin with Alexa Fluor 594-
conjugated  deoxyribonuclease 1 oand Alexa Fluor 488

microscopic studies revealed that colocalization of G-actin
and cofilin &t mitochondrial sies undergo iction in
control cells, Treatment of cells with COCP resulied in
increased colocalization of G-actin and cofilin at mito-
chondrial fission sites eompared o control cells (Fig, 7d).
Moreover, F-uctin was also colocalized with cofilin at
mitochondrial fissicn sites in control cells, and the increased

of cofilin regulates the change in mitochondrial membrine
potential induced by STS. ETO, and CCCP. Cells were
stained with JO-1 and analyzed with confocal mi

jon of F-actin and cofilin was ohserved in OCCP-
treated cells {Fig. Te). To more clearly observe the mito-
chondral localization of cofilin, F-actin and G-actin, super-

or a microplate reader. Treatment of cells with STS. ETO.
and CCCP sigmificantly o 1 i Irial t

3D mis Py Was loved. As shown in Fig.

I, cofilin, Factin and Geactin are all localized a the

potential. Overexpression of cofilin markedly  enhonced
STS-, ETO-, and COCP-induced decrease in mitochondrial
membrane potentiol. In contrast, knockdown of cofilin
abrogated STS-, ETO-, and COCP-induced decrease in
mitochondral - membrane potential (Fig, 6b-d). Taken
together. the findings indicate that cofilin plays a critical
rle in regulating PINK 1 lation theough mitoch
drial potential-mediated ion  and
instability of miochoadrial proteases.

Actin interacts and is colocalized with cofilin at the
mitochondrial fission site

Recent evidence has indicated that the cytoskeleton com-
ponent actin i, in i i i

iul fission site in cells treated with CCCP (con-
striction sites, amowheads). Taken wogether, these results
suggest that both F-nctin and G-uctin may  participate in
cofilin-regulated mitochondrial fssion.

Actin dy ics is i
and mitophagy

On the basis of the above results, we hypothesized that
cofilin-regulated mitochondrial fission mainly depends on
cofilin regulation of dynamic actin activity. To confirm this
hypothesis, the actin polymerization inhibitor latrunculin B
(LatB) and the depol ization inhibitor jasplakinolid,
(Jas) were employed, Pretreatment with Latli evidently
enhanced STS-. ETO-, and CCCP-mediated mitochondrial

d for mitochondrial fission

fssion [15]. We next examined whether STS, ETO. and
CCCP induce actin recruitment in mitochondria. Treatment
of breast cancer cells with TS, ETO, and COCTP resulied in
a dose-dependent incresse in the levels of actin in

New Section 6 Page 11

ion of actin, wheress pretreatment with Jas
markedly abrogsted mitochondrial translocation of actin
induced by these fission inducers (Fig. Sa). These findings
indicate that G-actin is the mujor actin form that is rans-
located o mitochondria.

SPRINGER NATIEE
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PARK2 RFP-Mto

CCCP+LatB

Fig. 8 Actin dynamics is reguired for n al fission and

bagy. a. b MDAMB-231 ed with 00 nM

We also determined the effects of LatB and Jas on

mitochondnial fission and mitophagy in cells treated with
STS, ETO. and CCCP. As shown in Fig. 8b, treatment of
cells with STS, ETO, and CCCP markedly mcreased the
levels of PARK2 and LC3B-II in the mitochondria

New Section 6 Page 12

experime
tified
000y

< 0.01). ¢ The
ce independent experiments (1

tochondrial Je

pretreatment with either LatB or Jas evidently
decreased the mitochondnial levels of PARK2 and LC3B-11
induced by STS. ETO and CCCP treatment. In addition, the
inhibitory effect of Jas was better than that of LaiB. Fur.

thermore,  treating  cells  with  CCCP  increased  the

Figure 8

[8A,B] The researchers are measuring the amount of protein in the cells with the addition of the apoptotic and
mitochondrial fission drugs (STS, ETO, CCCP) with and without two additional treatments - LatB, which stabilizes
actin (making it less likely to be degraded), and Jas, which increases the degradation of actin. In [8B], the
researchers are again looking at proteins of interest that are related to autophagy (early stage - PARK2 and late

stage - LC3B-Il). The darker and larger the smudge, the more protein. [8C,D] The researchers are again imaging to

see where various proteins of interest are localizing in the cell. They are also employing a few treatments to the cell;
CCCP, mitochondrial fission inducer; LatB, stabilizes actin; Jas, destabilizes actin. The proteins being investigated
are LC3 (late autophagy protein, in green), PARK2 (early autophagy protein in blue), and mitochondrial proteins
(generally expresses red for the mitochondria). [8D] is the quantification of the co-localization in [8C]. [8E] The
researchers are looking at the mitochondrial length/size witnessed in the microscopy images with the various

previously described conditions on or off.

Primary Results

- Actin stability and instability both reduce the amount of autophagy related proteins, with instability creating the

greatest reduction.

- Actin stability and instability reduce co-localization of autophagy proteins to mitochondria.

- Actin stability and instability increase mitochondrial size.

Take Away: The stability of actin, either too stable or too unstable, reduces the ability for mitochondria to
undergo fission (likely) and reduces their capacity to undergo autophagy (mitophagy).
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eokocalization of PARKD with LC3 and mitochondria, and
pretreatment with either LaB or Jus significantly abrogated
the colocalization of PARK2 with LC3 and mitochondria
induced by COCF tremmment (Fig. Sc. d). Similarly, pre-
treatment with either LatB o Jas significamly abrogated
CCCP-induced mitochondrial fission (Fig. 8¢, ¢). These
fndings indicate that actin dynamics play a critical role in

treatment [42]. Therefore, an in-depth study of how cofilin
regulutes mitochondrial dynamics and  mitophagy  may
provide a novel therapeutic strategy for cancer treatment,
In this study, we demonstrate that mitochondrial rans-
location of cofilin is required for initiation of mitochondrial
fission and mitophagy. An increasing amount of evidence
has revealed that mitochondrial recruitment of cofilin is an
early step in apoposis induction [26]. In our previcas sudy,
we found that cofilin is involved in mitochondrial fssion
and apoptosis by anleracting with Dipl, knockdown of
cofilin. markedly reduced erucin-mediated  mitochondrial
h-.s.wll. therehy mlulmmg cell apopiosis [28]. Cofilin alse

jon of it fission and mitop
Discussion
Mitochondria are dynamic double bound orga-

nelles, and their morphology is maintined through a
dynamic balance between fusion and fission processes |35,
Many hiological functions of mllndmndlla. hc_-,nnd energy
pon, actively ihute 10 [6]. Cancer
cc]ln regulate mitochondrial dynamics to resist apoptosis
and  adjust (Imr I:mxncrp,uu_ and biosynthetic needs o
support p and P 136, 37 A
berter understanding of processes that control mitochondrial

in phogy initiation [40]. Pre-

sently, little information is available conceming the func-
tional role of cofilin in regulating mitophagy. In this stody,
we found that STS. ETO, and CCCP increased mitochon-
drial translocation of cofilin and that knockdown of cofilin
significantly reduced mitochondrial fission and subsequent
mitophagy, & well as abrogated the loss of the mitochon-
drial membrane potential mediated by STS, ETO, and
COCP (Figs. 4 and 6. Supplementary Flg. 4). However,
of cofilin i fission

dynamics and their significance in tumor cell P

and mai would allow iderations of a means

alter mitochondrial dynamics in cancer, thereby providing

new possible therapeutic strategies for cancer treatment.
Mitachondrial d)mmm are also crucial for selective

and lmwphng)' induced by STS, ETO, and CCCP (Fig. 5.
Supplementary Fig, 51 Loss of the mitochondrial mem-
brane  potential is an early marker of mitochondria-
depemlem .lpﬂr\lﬂ\lsﬂ [43, 44]. Our sty suggests that

of in. known us mi [18]. of cofilin, hondrial fission,
Mu(nph.ng\u promotes mnm.l)mniml wmover and prevents  loss of lonadrial I potent; itopl and
e af which can  apoplosis ocour successively,

lead 1w cellular dcgcncrm.im [38]. Mitophagy can facilitae
survival through adaptation 1o stress or cell death due 1o
excessive removal of mi ia [18. 38]. Regulat

Recent siudies have shown that the PINK1LPARK2
pathwary con promote the removal of damaged mitochondria

mitophagy pathways might alfect the balance between
twmorigenesis and cell death [39]. Therefore, targeting
mitophagy, leading 10 selective elimination of wmor cell
deuth, represents o promising strategy for cancer treatment.

A large body of evidence has revealed thar mitochondrial
dynamics (fusion and fission) and mitophagy are closely
connected with cancer cell fate [36]. Moseover, an imbal-
ance between mi | dynamics and phagy alters
cellular homeostasis, which may provide the material basis
for tmor development. This suggests thit llneru is @ com-

via mitophagy [45. 46]. In this study, we show that cofilin
wgul.llvs mitophagy  through  accumulation of PINKI
of cofili FINKI and
|In: mitophagy induced by STS, ETO. and COCP ireatment
{Figs. 4, Fig. 6a and Supplementary Fig. 6a). In contrast,
overexpression of cofilin slightly increased PINK| accu-
mulation and mitophagy induction, which were enhanced
by STS/ETOACCP treatment (Fig. 5, Fig. 6a and Supple-
mentary Fig, 6bh. There are two reasons why mitochonsdrial
fssion may be more potent than mitophagy in cofil;

g cells, First, mitochendrial fission and loss of

plex interplay between mitochondrial d:
and tumor d::uclnplmut [36]. Cofilin is best known & an

potential precede mitophogy, as
nand by the fact that mitophagy can be detected after

act Fuctor, and it p in

af | dynamics and h |‘|! A0). Recent
sudies have revealed tht cofilin s overexpressed inoa
variety of different cancers and cancer cell lines [41].
Owerexpression of cofilin has been linked 10 the aggres-
siveness of o variety of cancers, and it is associoted with
[ROOT CAUICOMNE, SL2E g that cofilin is a promising tasget
that may be used as o hiomarker for early dingnosis, mon-
itoring. and therapeutic  decision making  for  cancer

New Section 6 Page 13

ul fssion and requires o time interval, Second,
mitochondria under fission in cofilin-overexpressing cells
are still present as filamentous and are nod easily engulfed

Becanse mi . -

eofilin and sccumulation of PINKT oceurred on the milo-
chondrial surface. we speculate that cofilin may directly
imieract with PINK1 a1 mitochondria. However, our study
showed that cofilin did not interuct with PINK1 at mite-
chondria, and argues against this notion (Supplementary

SPRINGER NATIEE
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Fig. 7). A more likely possibility is that cofilin indirectly
regulates the accumulation of PINKI through another
mechanism. Recent evidence has indicated that mitochon-
drial inner membrane proteases (e.g.. MPPa, MPPf, PARL.
and AFG31.2) are involved in PINK! degradation through

of the i potential (19,
47, 48). PINKI cleavage is inhibited by loss of mitochon-
drial membrane potential, leading 0 accumulation of full-
length PINKI (64kDa) on the outer mitochondrial

membrane, recruitment of PARK2 (o0 damaged mitochon-
dria, and initiation of mitophagy [32. 33). Our data indicate
that  cofilin indirectly regulates  PINKI  accumulation
through degradation of mitochondrial proteases mediated by
loss of mitochondrial membrane potential, based on the
following evidence. First, treatment with STS, ETO. and
CCCP modestly decreased the levels of MPPP, PARL and
AFG3L2, and significantly & d mitochondrial mem-
brane potential (Fig. 6). Second. overexpression of cofilin

Mitochondrial fission inducer

Lysis

Fig. 9 A propased model of cofifin-mediated mitochondrial fission
and mitophagy Dipl translocaes from the cytosol 1 the owter mito-
chandeial membeane is the initial step foc mitochondrial fssson (Cell
2016; 166: $55-3606), In our study, we found thar daring the initiaion
of mochondnal fisson, G-actin also translocaed 10 the outer miso-
chondrial membeane, Korobova F et al. reported thie Endoplasmic
reticulum (ER)-misochondrion interactions. activate INF2 o poly-
merize G-actin 1o F-octin, and Factin poimed ends cantact Drpl,

SPRINGER NATURE
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Lysosome

Fusion with lysosome

which results in assembly of u bebical ring # comstriction sites s well
as results in mitochondral constriction and fission (Science 2013 339
404-467). Our reshuts showed that post-fisshon, cofilio is transdocaned
10 mitochondria and interces with F-actin, resulting in depolymer-
{zation of F-actin, deading 10 fission complex segregation. Meanwhile,

L fission results i mitochondrial membeane patential
(A¥m) dissipation and ultimately triggers PINK [/PARK2-dependent
mitophagy
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evidently enhanced the deg af these

proteases and the loss of mitechondrial membrane potential
incuced by STS, ETO, and COCP weatment (Fig, 61, Thind,
knockdown of cofilin morkedly abrogated the degradation
of these mitochondrial proteases and the loss of mitochon-
drial membrane potential induced by trestment with these
agents (Fig. 6). These observations suggest that cofilin
might indirectly regulse the aceumulation and siability of
PINK through degradation and instability of mitochondrial
profeases medsted by loss of mitochondrial membrane
potential.

Accumulating evidence indicates that the actin cytoske-
leton and its associated proteins participate in regulation of
mitochondrial fission [12. 49). Recently, it was discovered
that INF2 {an ER-associated formin} parficipates in reg-

ulating hondrial fission by lating actin poly-
merzation al mitechondial fission sites [15], The pombl:
direct involvement of actin dynamics in mi fis-

[16]. In this sudy, we showed that the
dynamic transformation of G-actin and F-actin plays a
erucial ke in regulating mitschondrial fission and mite-
phagy, based on severl lines of evidence. First, pretreat-
ment with either LatB or Jas significantly abrogated CCCP-
induced mitochondrial fission (Fig. 8¢, ). Second, pre-
treatment with either LatB or Jas decreased the mitochon-
drial levels of PARKZ and LC3B-I1 induced by STS, ETO
and CCCP treatment (Fig. 8b). Third, pretreatment with
either Lath or Jas markedly abrogated the colocalization of
PARK2 with LC3 and mitochondria induced by CCOCP
treatrent (Fig. e, dp Due o cofilin regulation of the
dynamics of actin filoment  assemblyidisassembly - by
increasing the rate of actin-depolymerization. our study
suggests that cofilin-regulated mitochondrial fssion and
mitophagy primarily depend on the actin-depolymerization
activity of cofilin at the mitochomdrial fission sie,

sion lwas dmplications for other observed  connections
hetw:en the actin cytoskeleton and its associated prote)
[11. 12, 30]. It has been shown that the dynamics of actin
mhly and disassembly on mitochondria are involved in
mitochondrial fission mediated by Drpl [11]. This r\:port
also revealed that knockdown of cofilin led w mitoch

Afier literature reports and our Andings, we
propose a model of cofilin-mediated mitechondrial fission
and mitophagy. Step 1 Drpl and G-actin are transhocted
from the cytosol o the outer mitochondrial membrane
during initiation of mitochondrial fssion. Step 2 Endo-
plasmic reticulum (ER Fmitochondrion interactions activate

translocation of Drpl, resulting in mitochondrial elongation
[11]. However. the molecular mechanism by which
cofilin-actin signaling might affect mitochondrial fragmen-
tation and mitophagy remains unclear. In this sudy,
we showed that cofilin can intersct with actin on the outer
mitochondrial membrane. We found that cofilin is cnl.oc;l—

INF2 10 pol, Geactin 1o Feactin, and Factin poimted
ends contact Depl, which results in assembly of a helical
ring al consiriction sites as well as mitochondrial consaric-
tion and fission, Step 3: Post-fission, cofilin is tanskocated
1w mitochondria and interacts with Factin, resulting in
depolymemullun of |‘-IIK|In. Iemlmg to fission complex

drial fission results in

lized with  Geactin at sites
constriction (Fig. 7d). Similarly, F-actin was also fmmd ho
cobocalize with codilin al mitochondnial ssion sites (Fig.
Te). The super-resolution 30 microscopy images revealed
that cofilin, Feactin and  Geactin are all  bocalized
at the mitochondrial fission site (Fig. 7. Further in-depth
study showed that pretreatment with launculin B (LaB).
an - actin polymerization  inhibitor,  enhanced  the
mitochondrial translocation of actin induced by STS, ETO
and COCP wremment (Fig. Bap In wnlwsl- prefreatment
with inoli Uas.’l. a ion  inhibitor,
markedly al 1 ol actin
induced by these agents (Fig. 8a). These findings suggest
that G-actin is the major actin form that is ranslocated o
mitochondrin in - response w0 8TS, ETO0 and  CCCP
neatment.

It has recently been shown that cofilin regulates ransient

drial teanshocati

potential {A%m) dissipation and
ultimately triggers PINK1I/PARKZ-dependent mitophagy
(Fig. 90, Our sty reveals the molecular mechanisams by
which cofilin regulates mitochondrial fission and  mito-
phagy, which may provide an imporant targel for cancer
therpy.

Materials and methods
Reagents

Staurosporine (5TS. 514210 was purchased from Sell-
eckchern: Ewposide (ETO, E1383) and Carbonyl cyanide
Achlorophenylhydrazone (CCCP, C2759) were purchused
from Sigma: Latrunculin B (LatB, sc-203318) and Jaspla-
kinolide (Jas, sc-202191) were obtained from Santa Cruz

assembly of F-actin on the outer
Iaululg o nnknhmlln-ll Im.lm [ s pmsﬂlhle that

eddiats of F-actin
contributes 1o mitochondsial Another  report
showed that F-actin enhanced mitochondrial size, whereas
an increase  in Geactin resulied  in o mitochondrial

fssion.

New Section 6 Page 15

Cell culture

MDA-MB-231 cells (HTB-26, ATCC) were grown in
Dulbeceo's modified Eagle medium (DMEM, 11995063,
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1500

GoB Liet al.

Gibeo) containing  penicillindstrepromycin (1% (15070
063, Gibeo) and fewl bovine serum (105 (10100-147.
Giibeal, Cell line was verified 1o be mycoplsma negative
monthly.

Plasmids and generation of stable cell lines

GFP-LCY and RFP-mito plasmids were obtained from
GeneChem  Biotechnology,  peDNA3ZL Cofilin-WT
(S0853), GFP-UB (11928) and RFP-LCY (21075) plas-
mids were purchased from Addgene, vector control plasmid
(peDNAZL L V790200 was purchased from Invitrogen.
Cells were transfected with Cofilin-WT or vector control
plasmids using Lipofectamine 3000 (Invitrogen, L3015y
for 48 h, cells were selected by SO0 pgiml G418 (Sigma,
AITZ0) for one week to establish  stable  cofilin-
overexpressing or vector control cell lines, The targel
sequence of cofilin shRNA were as follows: shCofilin-1: 5=
COGGCTATGAGACCAAGGAGAGCAACTCGAGTTG
CTCTCCTTGGTCTCATAGTTTTTG-35 shCofilin-2: 5%
COGGAAGGTGTTCAATGACATGAAACTCGAGTTTC
ATGTCATTGAACACCTTTTITTTG-3. In order to gen-
erate cofilin knockdown stable cell lines, a lentiviral system

3 a5 0Ur | Iy deseribed [25].

wits

Cells were seeded on coverslips or %6-well plates and cul-
wred overnight, and then incubated with 5 pgfml JC-1 (T-
3168, Molecular Probes) in DMEM for 20min in cell
incubator, After washing, the green and red feorscence
were detected using a microplate reader (Safire 11, Tecan) or
Zaevss confocal microscope (LSMTEONLO). The mitchon-
drial membrane potential was expressed as relative aggre-
gates (red) 1o monomers (green) Alugrescence intensity ratio.

Immunoprecdipitation, western blot

Immunoprecipitation and western blot analysis were per-
formed as our previously described (28, 51], The primary
antibodies and their dilutions were as follows: HSP&D
(12165, 1:1000), COX IV (4850, 1:5000), Tubulin (2125,
1:50000 and Ubiguitin (34936, 1:10000 wene purchased from
Cell Signaling Technology; LCIB (L7543, 1:5000) was
purchased from Sigmu. Tom20 (sc-11415, 1:2000), VDAC
{sc-8828, 1:1000), PARK2 . 1500, AFG3IL2 (se-
BA6ET, 11000, PARL (sc-1 33884, 1:500), MPPe isc-
IWHTL, L 1000), MPP[ (se-160672, 1:1000), Cyto C ise-
13156, LS00 and Actin (se-1616, 110000 were from
Santa Cruz Biotechnology: PINKIL (BC100-494, 1:20000
was from Movas; Cofilin (abd2824, 1:2000) was from
Aheam. The relative intensity of bands was measured by
Quantity One software (Bio-Rad).
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Immunefluorescence

Cells were cultured on cover-slips 10 70% confluency, and
then transfected with plasmids for 48 h; after treatment with
drugs, cells were prepared for immunostaining by incuba-
tion with primary antibodies, including LAMP1 (1:100),
PARK2 (1:50), Tom20 (1:500, PINK1 (1:30), Cofilin {1:50)
Al 4°C overnight. Cells were then incubated with secondary
antibodies conjugated with Alexa Fluor 405 (A31553,
1:3000, Abexa Fluor 488 {ATI00, 1:300% Alexa Fluor 647
{A3I5T. 1) {Molecular Probes) for 1h at 37 °C. F-
G and mitochondria were stained as our pre-
viously described [28, 51]. Images were captured using a
Zeiss confocal microscope (LSMTBONLO). All experiments
were in trplicate, il length and
GFP-LC? puncta (diameter greater than four pixels were
culeulated) from  randomly  selected 30 cells in each
experiment were measured using Image J software. The
proteins colocalization was analyzed by the plots of Muoe-
escence intensities scanned along o line using Zeiss LSM
Image Examiner software.

Super-resolution microscopy

Cells were imaged by super-resslution microscopy (Delta-
wisson OMX V4 Blaze, GE Healthcare), The serial Z-stacks
images were carried out st 100 nm intervals and processed
with softWoRx v.6.0 o reconstruct 30 images. Mitochon-
dria was rendered by Imaris 74,2, software using the add
surfaces function.

Statistical analysis

Results are expressed as mean + 5D, The comparisons were
performed using Cme-way analysis of variance (ANOWVA).
P 05 and **P < 01 were regarded s significant
difference.
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