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Introduction

This study investigates how filamentous actin plays a role in mitochondrial fission (separation of mitochondria from a single

mitochondrion into two).

Conclusions

Actin polymerization from single g-actins to strings/chains of f-actin allows mitochondrial fission to occur.

Actin associates with the outer membrane of the mitochondrion, not the inner membrane, to likely allow the

movement of mitochondrion to undergo fission.

Amendments

Study Design & Additional Notes

Essentially all of this study is microscopy work - meaning, looking and measuring the fluorescence
intensity and localization of particular proteins within the cell. The researchers use a series of fluorescent
proteins to determine the behavior of the cell, specifically around the mitochondria and actin proteins.
Mitochondria are organelles that fulfill a series of responsibilities for the cell's existence, and filamentous
actin (f-actin) are chains of put together single actin proteins (g-actin). Actin is used for cell motility.

Mitochondria replicate by dividing into two, this is called mitochondrial fission. If mitochondria combine,
this is called mitochondrial fusion. Mitochondria have two membranes - the inner membrane and the
outer membrane.

DRP is a protein that allows mitochondrial fission to occur.

Opais a protein that allows mitochondrial fusion to occur.

MFN is a protein that allows mitochondrial fusion to occur.

MFF is a protein that allows mitochondrial fission to occur.

Cyto C is a protein located in the inner membrane of the mitochondrion.

TOM is a protein located in the outer membrane of the mitochondrion.

FCCP is a drug that induces stress on the cell and leads to mitochondrial fission.

The general idea being tested is if mitochondria require or are in some way dependent on polymerized g-
actin (called f-actin) to form into their chain life structure (again, called f-actin) to allow mitochondria to
undergo fission or fusion.
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in various cellulor locations, actin has recently emerged

s a participant in mitachondrial fission. However, e

erlyi hanisms of ifs parficipation remain largely
wnkniown, Wi report that tronsient de novo F-octin assem-
bbly on the mitochondrio occurs upon induction of mitochon-
drial fissicn and F-actin accumulates on the mitochandria
without forming detectoble submitochendrial foci. Impair-
ing mitochondrial division through Drpl kneckout ar
inhibition prolonged the fime of mitochondrial accumu-
latice of Factin and alse led to ebnermal mitschandrial

In oddition to estoblished k deling roles

Introduction

Balancing miscchonsdrial fusion and fission is necessary 1o main-
tain cellular homeostasis and adjust mitochondrial function
1o cellular needs, Disturbing this process canses mitochondrial
dysfunction, whimately leading 1o cellular demise (Youle
and Karbowski, 2005; Chen et al., 2007; Know et al, 2008;
Bemard and Karbowski, 2008 DuBoll et al.. 2002; Nunnari and
Suomalainen, 2012), Consistent with a critical role for mitochon-
drial dynamics in cell homeostasis, the wide spectrum of mito-
choedrial diseasss, which typically eoncem deficiencics in the
axidative phesphorylation system (OXPHOS), now inclodes
genetic and hiochemical alterations of mitochondrial fusion and
fission, For example, mutations in M2 (mitochondrial fusion
Factor Mitofusin 2 result in CMT2A (Charces-Marle-Tooth
Meusapathy type 2A: Ziichner e al., 20041, 2n inherited disorder
o the periphernl nervous system, Mutations in the inmer mita-
chondrial membrane (MM protein Opal (Optic Atrophy 1)
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leion of the actin regulatory factors coractin, co-
Flin, and Arp2/3 | ing that di kol
of mitochandrial F-acin depends on Drpl activity. Fur
thermore, down-regulation of ccfin regulatory proteins
led to elangation of mitechondr sated with mifo-
chondrial accumulation of Drpl . In addition, deplation
of cortactin inhibited Min2 down-regulation— or FCCP-
induced mitechendrial fragmentotion. These dota indicate
thait the dynamic assembly and disassembly of F-actin
on the mitochendria participates in Drpl -mediated mito-

chandrial fission.

cause auiosomal dominant opric atrophy (DOAD Alexander
el al., 20000,

Mitochendsial division is o mullistep process relying on
the action of several proteins, Control of the essential mitochon-
drial fission peotein Drpl (Dyvnamin-relared protein 1) appears
1o be the primary function of these proteins (Bui and Shaw,
2013 Losén et al, 2003). The recruitment of Dl from the
eytosol to the outer mitochondrial membrane (OMM} is medi-
ated by integral OMM-associared Drpl receptors, mitochon-
drial fission Eactor (MIT. Gandre-Babbe and van der Blick, 2008;
Crera et al,, 00, mitochondsial division proteins 49 and 51
almer e al., 20113, and Fisl (Yoon et al, 2005
s of other MITs, including
PS (Zunino et al.. 200%; Guo
se MARCHS (Karbowski et al.,
2007y in relation s Drpl recruiment are nod clear, However,
upon recruitnent o e mitcchosdria Drpl forms home and
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1. Mitochondrial fusion (mitochondria pinching apart) and fusion (mitochondria coming
together into one) are imperative for a healthy cell.

2. For mitochondrial fission to occur, the protein Drp needs to be recruited/moved to the
outer mitochondrial membrane (mitochondria has an outer and inner membrane) and this
recruitment is controlled by other proteins - the Drp receptors that allow Drp to bind the
outer mitochondrial membrane, as well as a mediating protein called Mff, and other
mitochondrial fission proteins Fis and proteins 49 and 51. Also, the ubiquitin ligase
MARCH5 may be involved. Please see "additional information” for more information.




I oli These form spirals d sites on
mitochondria in the final steps of mitochondrial fission that
mediate membrane scission (Ingerman et al.. 2005; Bui and
Shaw, 2013). This process appears 1o be facilitated by ER w-
bules that coocalize with mitochandnal fission sites (Friedman
etal., 201 1: Korobova et al., 2013; Stavru et al., 2013). Subse-
quently, disassembly and translocation of Drpl from the mito-
chomdria to the cytosol completes the mitochondrial ission
pathway. Itis likely that mitochondrial fission steps downsiream
of mitochondrial recruitment of Dipl are regulated by some of
the above-mentioned accessory proteins. Coasistent with this
noton, SENPI and SENPS, as well as MARCHS, were pro-
posed 1o regulate Drpl traflicking between the cytosol and
mitochondria (Karbowski et ul., 2007: Zunino et al., 2007; Guo
ctal, 2013).

Results

Accumulation of F-sctin on the mitochondria
in Drp1~" mouss smbryonic

tibroblasts (MEFs)

Accumulating evidence suggests a role for the actin cytoskele-
ton in both Drpl-dependent and Drpl-independent mitochon-
drial division (De Wos et al., 2005; DuBotl et al.. 2012; Korobova
etal, 2013; Stavru et al., 2013). However, the mechanism and
the scope of cross talk between mitochondrial fission and actin
are not well defined. We analyzed the spatlal relation between
F-actin and mitochondris in wild-type MEFs 2nd in Drpl =~
MEFs (Fig. |, A-E). To detect F-actin, cells were labeled with
Alexa Fluor 546 phalloidin (Alexa-phalloidin), a high-affinity
F-actin probe. Mitochondria weee immunolabeled with anti-

Recent evidence supparts o role for the actin
in mitochondrial division. For example, although pharmacolog-
ical i ition of F-actin polymerization did not affect mito-
<hondrial structure, it attenvated mitochondrial toxin-induced
mitochondrial fragmentation (De Vos et al.. 2005). Other
reports showed that treatment with actin polymerization inhibi-
tor latrunculin B (LatB) led to mitochondrial elongation in oth-
erwise untreated U208 osteosarcomas cells (Korobova et al,
2013) bt decreased mitochondrial size in cubtured neurons (Beck
et al., 2012). These findings suggest that F-actin may regulate
mitochondrial size perhaps theough recruitment 1o or retention
of Dipl on the matochondeis,

Consistent with this notion. in a Drosaphila model of
tasopathy, excess taw-induced Factin stabilization inhibited as-
sociation of Dripl with mitochondria, leading 1o mitochondrial
clongation and subseguent aeurotoxicity (DuBoff et al.. 2012).
Comversely. in jian cells, inhibition of sctin i

tion or down-regulation of the ER-localized actin binding pro-

cantibody, followed by stroctured illumination im-
aging. Although specific colacalization between Faactin and
mitochondria was pot detectable in untreated wikd-type MEFs
(Fig. 1. A and E), Alexa-phalloidin colocalized with mitochon-
dria in ~20% of Drpl ™~ MEFs (20.2 + 4.1%: Fig. |. Cand E).
This colocalization was primarily restricted to the perinuclear
mitochondria (Fig. 1 C), Confirming the specificity of F-actin
colocalization with mitochoodria in Drpl ™~ MEFs, mitochon-
dnial F-actin was not detected in Min2™'~ MEFs (Fig. | E). and
only 5.7 + 4.66% Hel.a cells displayed some F-actin colocaliza-
tion with misochondria (Fig. 1 E). However, F-actin was also
foand 1o colocalize in ~34% of muochondrial Dipl recepioe
MIT knackout (MIT ') cells (34.4 = 3.0%; Figs. 1 E and S1).
Thus, inhibition of mitochondrial fission either by loss of Drpl
or reduction of Drpl interaction with mitochondria resulted in
abnoemal mitochondrial accumulation of F-actin.

T de novo poly of F.actin

tein INF2 (imvened formin 2) reduced I

of Dipl (De Vos et al.. 2005; Kocobova et al.. 2013), Consider-
ing these reports, it is possible thst it is not the status of actin
(polymerized versus manameric) but rather dynamic remodel-
ing of the actin cytoskeleton on the mitochondria that regulates
mitochondrial association of Drpl and potentially Drpl-driven
mitochandrial fission. Because overexpression of MiD49/51,
mitochondrial receptors of Drpl, led to mitochondrial elonga-
fion that was associated with abeormal misochondrial accumu-
lation of F-actin. it is also possible tat mitochondrial fission
peateins might be implicated in mitochondrial assembly of
F-axctin (Palmer ¢t ak., 2011). Actin depolymerization by cyto-
chalasin D reduced Dipl-independent mitochondrial division
inluced by pore-foeming toxin listeriolysin (LLO: Stavru et al.,
2013), indicating that Factin may also contribute to non-Drpl-
related mechanisms of mitochondrial fission, Despite the many
lines of evidence pointing 10 & rode for actin in regulating mito-
chondrial morphology, the mechanism remains unclear.

Here, we repost that transient Drpl-independent de novo
polymerization of F-actin on the OMM contributes 1o mito-
chondrial division in mammalian cells. We also found that
mitochondrial division and mitochondrial assembly of F-actin
were controlled by the actin regulatory proteins cortactin,
cofilin, and Arp2/3 complexes.
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on the mi upon stress-induced
mitochondrial fission

Transient F-actin assembly has been implicated in various
membrane remodeling events including dynamin-dependent
endocytosis (Mooren et al., 2012). Fusthermore, knockout of
dynamin, a lange GTPase esseatial for endocytotic vesick scis-
si0n led 1o abnoemal accumulation of F-sctin at the defective
vesicle scission sites (Ferguson et al., 2009). A similar scenario
may also underlie mitechondrial accumulation of F-actin in
mitochoadrial fission deficient Drpl ~~ and Mff~"~ MEFs.

To verify this possibility, we tested the degree 1© which
Feoctin assembles on mitochondria upon stress-induced mito-
chondrial fission. Drpl-mediated mitochondrial fission can be
induced by mitochoedrial toxins, including the uncoupling sgents
carbony] cyanide 4-(rifluceometboxy) phenylhydrazooe (FCCP)
und 2:[243-C] inylyi ini
(CCCP; Cereghetti et al,, 2008; Gandre-Babbe and van der Blick,
2008; Patmer et al., 2011: Stavro et al., 2013). Wikd-type MEFs
and Drpl ™'~ MEFs were treated with FCCP as indicated in
Fig. | E, falkwed by immunofluorescence o detect Fatin using
Alexa-phalioidin and mi ia using anti—cy
cantbody (Fig. 1, B, D. sl E). The data showed increase in sev-
eral cells with F-actin-pasitive mitochondsis in FCCP wild-type
and Drpl ™'~ MEFs peaking at 2-5 min of trestment, followed by

oI w5

3. Drp proteins come together on the mitochondrial outer membrane and form cutting sites in
the membrane to open the outer membrane to the cytosol of the cell. After cutting the
membrane, Drp re-localizes/moves to the cytosol of the cell, leaving the cut outer
membrane of the mitochondria.

It is thought that the proteins SENP and MARCH regulate this process of moving Drp to
and from the mitochondrial outer membrane.

4. Actin, a movement protein that allows mitochondria and other pieces to move within the
cell, may be a key protein to regulate mitochondrial size by helping retain Drp at the
mitochondrial membrane.
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a gradual decline in the number of cells with F-actin-positive
mitochondria (Fig. 1. D and E). However, there was a magor dif-
ference in the number of cells with F-actin-positive masochondria
between wild-type and Drpl ™'~ MEFs., At 2 min into FCCP
treatment, ~100% of Drpl ~'~ MEFs displayed a clear mito-
chondrial accumualation of F-actin, in contrast 1o ~33% in the
case of wikd-type MEFs (Figs. | E and S1). Similar mitochon
drial sccumulation of Factin at 2 min of FOCP treatment was
% of MF" MEFs (Figs. | E and S1),

also detected in 10
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Furthermore, parallel analyses of Mfn2 ™'~ MEFs and Hela
cells revealed transient increases in the number of cells with
witive mitochondria oce
“Paareated wikd-type MEFs (Fi
with the cytochror

ing al comparable rates as
gs. | E and S1). Treatment
hibisor Antimycin A (AntA)
(De Vos et
also led 10 mitochondrial accumulation of F-actin (
and $1). As with FOCP treatment, mitochondrial accumulation
of F-actin was more pronounced in AntA-treated Drpl ' MEFs
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Flg ure 1: The researchers are taking microscope images of fluorescing proteins in cells,
and as the proteins are different colors, the pictures can be "overlayed” to see if there is a
common trend between the two proteins studied in each image. F-actin (red) is filamentous
actin and is the protein of interest in this study because it is the movement protein that allows
mitochondria to move within the cell, as well as allows proteins to associate and dissociate from
the mitochondria. Cyto C is cytochrome C (green) and is a marker of mitochondrial presence.
1A. MEFs: These images are taken in cells that are unmanipulated (control). 1B. MEFs
(+FCCP): These images are in similar cells as 1A, but a fission inducing drug has been added
(FCCP). 1C. Drp1-/- MEFs: These images are in cells that cannot genetically express Drpl (as
in, they do not create it). 1D. Drpl -/- MEFs (+FCCP): These images are of cells that do not
express Drpl, but are also treated with fission stimulating/inducing drug FCCP. 1E.
Quantification of the amount of f-actin in several cell types (AntA is another mitochondrial fission
inducer). 1F. Quantification of Drp localization to the mitochondrial outer membrane in varying
conditions (MEFs: control; Mff -/- : Cells do not express Mff protein; with and without FCCP).
1G. This shows mitochondrial visual changes with FCCP and AntA treatments (both induce
fission). LatB stops actin from polymerizing (coming together).

Primary Results

- FCCP leads to smaller mitochondria (assumed through fission).

- The removal of Drp1 leads to excessively long mitochondria (assumed inhibition of fission)

- More FCCP and AntA (inducing mitochondrial fission) reduce the amount of actin that
polymerizes in all conditions (with and without Drp and Mff and Mfn).

- With Mff knockout (no expression in the cells), there is reduced Drp1 localization/association
with mitochondria.

- With increasing mitochondrial fission drugs (FCCP, AntA), there is more mitochondrial swelling
and fragmentation (the latter due to fission, likely). This is reduced when actin is inhibited.

: Drpl is a necessary fission protein and without Mff, Drp1 has difficulty
localizing to the mitochondria. Actin polymerization allows mitochondria to undergo
fission/fragmentation.
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FIgU re 2: [A&B] Cells were allowed to enter their cell division (mitosis) to create a new cell,
but were blocked at their growth and DNA replication phase, then all were allowed to continue
their cell replication cycle from the same start point. Alexa-Phalloidin (red) is fluorescing the
actin proteins. Cytochrome c (green) is fluorescing a protein to show mitochondria. DAPI (blue)
is fluorescing to show nuclear DNA. Overlay is all the protein fluorescence shown in one image).
[C] Quantification of A&B by showing the amount of actin protein relative to mitochondrial
fragmentation (fission) at varying phases of the cell replication cycle.

Primary Results
Based on the images, there is significant overlap/association between f-actin (red) and
mitochondria (green) in prophase.

: During cell division, when mitochondria need to be split between two cells,
mitochondria are heavily associated with actin.

than AntA-treated wild-type MEFs (Fig. | E). We also tested

mitochondnal colocalization of Drpl in coatrol and FOCP-treated
wild-type MEFs and Mif . 1 F).As expected (Otera
ct al, 2010), MIT ablation sig: iy reduced mitochondrial
localization of Drpl. Furthermore, there was only @ minoe
cells. Thus,

increase in mitochondrial Dpl in FOCP-

mitochondrial sccumulation of F-actin appe

occur in cells in which Drp] fission complex formation i inl

ited, and may occur before Drpl activation in contral cells.
We tested whetber mitochondrial accumulation of F-actin

requires de novo actin polymerization. Cells were pretreated
with LatB, an actin polymerization inhibitor. for 2 min, fol
lowed by treatment with either FCCP for 2 or 10 min or AntA
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se there was no detectable mitochondrial
med FCCP- or AmA-treated

for 5 or 10 min, By

F-actin accun
wild-type and Drpl
that de novo actin polymerization is required fo

ochondrial

The effect of LatB on mitochondrial structure was also
tested (Figs. | G and S3). Wild-type MEFs were treated with
FOCP. AntA, or LatB. oe were pretreated with LatB followed by
FOCP or AntA, as indi 2. | G). Altha
clear difference in mitochondrial structure between untreated
and LatB-treated cells, LatB peetreatment decressed FOCP- snd
Avinduced mitochondrial fragmentation (Figs. 1 G and S3).
s ot al,, 2005; Cerogheti et al.,

was 0o

Confirming carficr reponts (D¢




A Wi type N — B

Fluosescence (A U

]

NN . ]

BB

Fuorescence (A U} T

Drp14-MEFs

Distance (ym)

Figure 3. Sebmitochondrial
Foctin in FCCP-ested cells. Vv id yype (A J.uu
Min2 €], ond Orpl E,
were trocted with FCCP for
imminollcesiance. High m
)ud Ahm\ro\o' mages of Alexaphaloidia

-lobaled macchondro
e shown. Mitschordrial inrer

woaled by cytachrome c |A,
was reveclod by mm
1G) and M .u ond 4\» associoted Drp
wos defect h ont mAb [ Bors: 5 e,
Herwil) e ym. Fluomscence knmcans olorg the
ines shown in the respecttve dewil pareks are olso.
skowe [B, D, F, ond H), Similor linsican potierss
were c?um«s in several [0 > 10) independers
immnatuommceece exper muets

T 3
Distanca {ym)

0 H
Ostanca ()

2008; Gandre-Babbe and van der Blick, 2008). FOCP and AntA
did not significantly affect mitochondrial structure in Drpl

cycle using a double thymidine block procedure and subse-
quently relessed into thymidine-free medium o restan cell

MEFs, except for some mitochondrtal swelling (ung g

) T A SR T fragmented in
mitotic cells in a Drpl dependent mannes (Taguchi ct al.. 2007;
Zunino et al., 2009; Kashatus et al,, 201 1), probubly facilitating
stochastic cells. To
test whether mitochondsial accumulation of F-actin also occurs
during mitosis, cells were synchronized in the G 7S phase of the

hondrial segregation into two d:
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eycle Cells weee fixed at different time points aftee
release up to 10 h and stained with Alexa-phalloidin, anti

cytochrome ¢ antibody, and DAPI to detect DNA, followed by
stnucrured illuminition imaging. Because accumulation of mitotic
cells was most pronounced s $-9 h after release (not depicted),
a1 8.5 h afier release were analyzed (Fig. 2). The data
showed that in mitetic cells mitochondria were aligned along
the F-actin cytoskeleton (Fig. 2, A and B), Although mitochon-
drial fragmentation was apparent in ~80% of anaphase cells
and ~85% of these cells showed mitochandrial association of

cells fixed

Foactn and m

Fi gure 3: [A-3] These are images of single cells that are fluorescing red for actin, and green for mitochondria
(outer or inner mitochondria). Then, the two fluorescences are quantified for how closely associated (as in, how far
apart they are from one another) they are. The cells are all different - [A,B] Wild type (genetically normal) cells with
FCCP treatment (encourages mitochondrial fission); [C,D] Cells that do not express MFN (mitofusin, therefor they do
not fuse mitochondria together) + FCCP; [E,F] Cells that do not express DRP1 (mitochondrial fission protein) +
FCCP. [G,H] These cells are the exact same conditions as 3E and 3F, but for TOM20, which is an outer
mitochondrial membrane protein (as opposed to E & F that look at inner mitochondrial proteins - cytochrome c).

Prlmary Results

cisin the inner
I'|0[ overlapping.
- When looking at TOM20, the outer membrane of the mitochondria, the images show actin being in closer proximity
to the outer membrane.

of the mitochondria, and the images show actin around cytochrome c, but

: This data implies that actin is
the inner membrane.

with the outer of the mi ia, not with




Figue 4 Mitochomdrial of F-octin
i living colls., (4 cnd B) Halo colls axpressing
mRubrydifeoct [red in B] ond mito-YFP (green
i B) wore veorad with FCCP s indicated, ik
owed by o lmelapss svuckirdl lmisction
imoging. In A, Aluceescence images of mRubrp
Ukt cre shown, To wnckle scaier interpreaton
of the data, Rucrescent images were inverted
Bars: 20 pm; (desil) $ pen. (] Prawdiocolon

imoges showing the mitockondrial Foctin
avanbly ot O min (greas), 10 min (red), and
16 min folue| cher additon of FCCP within he
red recingle shown in A Noke a dominast red
wignol in C indicoting o hih level of mitochos-
drial Foctin o 10 min of FCCP treawent, 05
compored with O min ond 16 min, Acrows in
A ard C indicate Factis-positive siuchures hat
am nol alwnd by FOCP bectrrare, which shaws
a white preudocolored signal is C. ([Bf Detols
o merked crec in the imege hen a1 10 min
Jshown in A} of FOCP trectment. Bars, 5 pm.

Factin (Fig. 2, A-C), mitochoedrial assembly of F-actin was
also dete .mu in ~95% of prophase 45% of which dis
played mitochoadrial fragmentation (Fig. 2. B and C). Thus, it
appears that in a similar manner as in stress-induced mitochon-
drial fission. mitochondrial assembly of F-actin also precedes
mitochondrial division in mitotic cells.

AV without

F-actin mecumulates on the

forming ndrial foci
Analyses of FOCP-treated wild-type, Drpl ™, and Mfn2

MEFs (Fig, 3) and similarly treated Hela cells (Fig. S1)
revealed that F-actin did not colocalize with the cytochrome
e-positive IMM, intermembrane space, or mitochordrial cristae
but rather formed cytochrome ¢ circumscribing rings (Fig.
A-F), consisient with OMM localization. Indeed, in FCCP-
trested cells Alexs-phallosdin colocalized with Tom20, a msker
of the OMM (Fig. 3. G and H). Furthermore. the Alexa-phalloidin
signal was equally distributed with no apparent colocalization
with Drp! (Fig. 3 1). Because Drpl colocalizes with submito-
chondrfal foci formed by MY, a mitochondrial receptor of Depl
(Otera et al.. 2010}, we also tested the degree to which Mif
colocalized with mitochondrial F-actin in Drpl ™~ MEF

Although there was o clear overlup between Alexa-phalloidin
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and MIT. we dad ot detect any accumulation of F-actin on the
punctate OMM-associated foci formed by MIT (Fig. 3.3)

of F-setin

we applied a red Auorescent protein mRub) -tapged Lifeact
(mRuby-Lifeact). Life#et is & 17-aa pepiide derived from the
Neterminal domain of actin_binding_protein 140 {Abpl 40)
(Ricdl et al,, 2008), It hias been shown that (iuonescentiagaed
Lifeact interacts with F-actin with ~30x greater affinity than
I GEGEHR cnabling visualization of local F-sctin polymer-
ization associated with various cellular pathways (Ried! et al..
2008, 2010; Taylor et al. 2011). Another benefit of mRuby-
Lifeact is its applicability to live cell imaging
Cells were cotransfected with mRuby-Lifeaet and mito-
YFP followed by time-lapse microscopy. Although the use of
wide field fuorescence imaging failed to detect mitochondria-
associated mRuby-Lifeact in a clear manner (a0t depicted)
applicatin of a strucured illuminstion imaging method oduxed
kground and cortical F ensbling
unambiguows visualization of FCCP-induced dynamic changes
of F-actin on the mitechondria (Figs. 4 and $4). The data
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Fi gure 4 The researchers are confirming the association between f-actin and mitochondria by changing the
genetic code of the cells to express an Actin-Binding Protein (ABP) that binds f-actin and fluoresces red (mRuby-
Lifeact), while also changing the genetic code to have mitochondria express a fluorescence that looks green (mito -
YFP). ABP does bind g-actin (single actin proteins), but the researchers are interested in f-actin (filamentous - chains
of actin), which ABP binds to a much greater degree. Then, FCCP (mitochondrial fission stimulator) is used over a
time course from 0-16 minutes to see the effect (do mitochondria associated with f-actin?).

Primary Results:

- Comparing the 0 minute mark with the 16 minute mark, the red indication of f-actin intensifies.

- Concomitantly, comparing the 0 minute to 16 minute mark, the green indication of mitochondria does fragment as
mitochondria appear smaller.

_. There is an association with increased f-actin presence and increased mitochondrial fission.
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st min (Fig. 4, A and B), with 3 2
drial levels of mRaby-Lifeact at ~12 min afies
{Fig. 4, A-C). Importantly, the diffused OMM localization pat
tem of mRuby-Lifeact (Fig. 4, B and D) was reminiscent of that
observed i Alexa-phalioidin—tabelad thved cells (F 1 and 3).
This was also apparent in cells expressing Drpl****, a dominant
negative mutant of Drpl (Fig. S4). Further confirming the
Alexa-phalloidin kabeling results in Dipl =~ MEFs (Fig. 1), the
data also showed sccumulation of F-actin on the perinuclear
mitochondria in untreated Drpl***.expressing Hela cells but
not in wild-type Drpl-overexpressing HeLa cells (
Furthermore, pretreatment with LatB for 2 min be

dual dec

e FC
application also inhibited mitochondrial accumul
mRuby-Lifeact in control and Depl ***
published data

expressing cells (un
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Fl g ure 5: The researchers wanted to know if actin polymerization regulating proteins (proteins that allow or
disallow actin polymerization) could be increased or decreased in expression and it lead to a change in mitochondrial
fission. Using RNAI (inhibitory RNA that stop the expression of a particular gene), the researchers then observed if
mitochondrial fission was affected. The control (unmanipulated cells) is GFP-RNAI (an inhibitory RNA that does not
affect the expression of the genes of interest). These experiments typically use several RNAI for the same
gene/protein to confirm the effect is consistent [D,E,J]. [K] shows the
(fission), normal, or fused (fusion/no fission) with the inhibition of several dlfferem actin regulating proteins compared
to control.

Primary Results:
- Inhibition of several of these actin
mitochondria.

leads to more of these fused

proteins, ir

D the actin proteins the ability for mitochondria to maintain a normal
shape (i that's due to inability to maintain fission or undergoing fusion is technically unknown here, although the
assumption is due to the inability to engage in fission).
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Fl g ure 6 The researchers wanted to know |f actin polymerization regulating proteins (proteins that allow or
disallow actin ion) could be i in expression and it lead to a change in mitochondrial
fusion. Using RNAI (inhibitory RNA that stop the expresslun of a particular gene), the researchers then observed if
mitochondrial fusion was affected. They also inhibit particular mitochondrial fusion proteins (MFN and Opa) and see
what impact that has on the cells, as well as combinations of inhibitions including both actin regulating and
mitochondrial fusion. The control (unmanipulated cells) is GFP -RNAI (an inhibitory RNA that does not affect the
expression of the genes of interest). The percent quantification of mitochondrial morphology (what they look like -
overly long, normal, or fragmented) of 6A-F is found in 6G. Then, again, with FCCP (stressor that induces fission), in
61-M. In 6N,O,P, the researchers are measuring the ability for mitochondria to fuse (so, moving from bright to diffuse
across an area as the fluorescent marker is dispersed between two mitochondria fusing) in different inhibitory
conditions.

Primary Results

- If actin regulating proteins are inhibited at the same time that fusion proteins are inhibited, the mitochondrial
morphology remains largely normal (MFN2 inhibition) - unless critical fusion proteins are inhibited (Opal), in which
case fission dominates as no fusion is possible.

- Inhibition of the actin regulating proteins leads to inhibition of fission, even with fission stimulation by stressor FCCP.
- Fusion is unaffected by actin polymerization regulating protein inhibition.

Take Away: Actin polymerization affects mitochondrial fission more than it affects fusion



mitochondrial fission {Korobova ot al., 2003 did mot appear o
mediate mitochondrial accumulation of F-actin similar s what
we demonstrated here (Figs. 1—4), we sought to determine
whether proteins other than INF2 actin-modifying proteins
wcould also negulate mi‘DL'Kdei.ﬂ lission. We analyned the
degree to which ar i gulation of WASp,

cortactin RNA (Fig. 6, K. L and M) and colilin RNA (Fig. 6 M)
wcells were stained with anti-cytochrme ¢ antibody Fllowed by
analysis of mitochandrial morphology, Supparting the mole of cor-
tactin and cofilin in mitochondrial divisson. down-regulation of
either of these proteins mhibited FOCP-induced mitochondrial

cortactin, Ap23 complex, forminl, FENPIT (formin-hinding
progein 171, gelsolin, cofilin, Abpl, or coronin aflect mitochon-
drial network organization. This selection was based on the
established mle for ench of these [nﬂlxs in the regulannn ﬂflhe
actin in membrane g in
companmments, including dsmrm—dq:md.cm and -independent
endocytosis (Taylor et al., 2011; Mooren et al,, 2012; Salbreux
et al, HH2; Sincher et al., 2012; Bravo-Cordera et al., 2013%;
Blanchidn et ol 2004). Although overespression of any of the
ibinve: ioned proteins did not affect mi al network
(o depicted), dav e in (Fig. 5,
B, 10, and K} and cofilin iFig. 5, C, E. and K ked 1o dramatic
elongarion and imerconnection of mitochendria, as compared
wull mnml HNAL ocl]s iFig. 5. A and K). Because consisient

Fig. 6M).

of sctin
proteine does not atfect mitochondrial
fusion rates

Under cenain sitaations, mitechandrial edongation and inercon-
mection ane induced nod by inhibition of mitochondrial division
but rather through the activation of mitochondrial fusion in
a process called SIMH {stress-induaced mitochoadrinl hyperfusion;
Tomdera et al.. 20091, To test the effeas of conactin, cofilin. and
Arp2f3 complex down-regulation on mitochondrial fusion rates,
we applied a mitochondrial matrix-targeted phitoactivatshle
GFP {mito-PAGFP -hased mitechondrial Fusion assay (Karbowski
et al. 2004, 2006; Tondera et al,, 2009, Regions of inerest
tred cireles in pmacnmmn. “Pre” imag

Down-

incells ith
three independent shRNAT vectors trgeting cortactin (Fig. 5,
B and 130 or cofilin (Fig. 8, C amd Eb these effects ane likely spe-
cific. Furthermure, separate or combined down-regulation of
critical companents of Factin nucleation initiater A2/ com-
plex, Arp2, or ARC/p34 also led 10 an inerense in the mumber af
cells with elongated mitochondria (Fig. 5. G-1 and K). Imercst-
ingly. dewn-regulation of ARC/p34 occurred in Arp2 RNAG
cells, und depletion of Arp2 was seen in ARCip3d RNAG cells
{Fig. 5 J), These datn supgest the passibility that depletion af
a single component of Arp2i3 comples destabilizss the ather
compements of this complex.

Dewn-regulstion of sctin regulstory

proteins inhibits Mfn2 down-regulation- or

FCC!

in PAGFP. control, ot

Am2+ARCPE RNAI cells were phatonctivated by brief im-
iarion with UV light. followed by time-lapse imaging with
A58 light every ~2 min, over -3 min (Fig. 6, N-F). Quan-
tification of mito-PAGFP fluorescence changes (Karbowski
et al, 2004, 2006) in several time-lapse experiments revealed
similar fusion rates in all analyzed cell groups (Fig. & P The
ellicient protein down-regulativn in cach experiment was veri-
fiesd by Weestem hloeting (unpublished duta). These data further
suppart the passibility that it is mot induction of mitochondrial
Tustom bait rather infbation of mitectondral fissicn tha induces
the mitochondrial elongation and interconnection chserved in
cortactin, cofilin, and the Arp2/3 complex RNA cells,

Down-regulstion of cortactin or cofilin

‘We also found that down-regulation of cortactin ressored tubular
miiteshondria in mirachondrial fusion factor MnoﬁmmE—dcplued

induces scocumulation of Orp1
Ta gain insight into the mechanism by which cortactin and co-
filin regulan: nl\lr\ﬂa\dlhlda»isinn.wcanalymd the mitaehon-

cells (M2 BMAL: Fig. 6, E and G,
regulation of Min2 alone Jed to formation of Frgmented mito-
chondrinl networks in 76.7 = 3.9% of the cells (Fig. 6. B and G),
conactinMin double RNA displayed mitechondrial fragmen-
tation i only 182 = 38% of cells (Fig. 6, E and G). Fu

drial locali of Dpl. Comtrol RNAQ (Fig. 7. A and 1),

cortactin RNAi (Fig. 7, B and D). and cofilin RNAi (Fig. T

Cand ) ells were i ined for D | and Tom2(

the DMM. follm»od by srructared illumination imaging (Fig. 7.
A-CL i Tound that d ulbation of both cos-

there was lmllﬂecldvl: effiect of cortactin RNAi on mitochondria

ndusced by d lation of Opal (Fig, 6. C, F,
and G, Comsidering that Mfn2 deplcum resubts i partial inhibi-
tion of mitschondrial fusior, although Opal down-regultion
lesls 10 complete fusion inhibition, it is likely that restoration of
mitochandrial mhules ohserved in connctin®™in2 double RNA
wells is due wo Min | -dependent mitochondrial fusion activity. We
allso tested the role of cortactin and colilin in FOCP-induced mito-
chondrinl divisicn. To this end, FCCP-remed (Fig. 6, 1, L, and M)
arunmeated Fig. 6, 1, K, and M) control RNAT(Fig. 6.1, 1, and M),

and Arp RMAG calls iliedd

tactin and cofilin led 1o signilicant increases in the amount of
mitochondria-associnted Dpl (Fig. 7. B-D. The degree of
cobocalization of Tom20-labeled mirochondria and Drpl was
quantified and reported as a Mander's correlation coefficient
(Rr; Fig. 7 D). The data showed an Rr = 0.44 = 0041 in contral
RMA cells, as compared with an Rr = (.58 = 0.06 in contactin
BNAjcells and Rr =065 + 0034 in cofilin RNALcells
Rr=1 mdu..nrﬁ “lmﬂelz colocalizstion, whereas Rr = 0 indi-
cates jian, and Manders
lates wnh percentage of averlap, the datn indicated that ~20%

wure sormolized 1o 100% Dae

d platud | "
reprmsent mean + Al of 32 [oontrol BRA] ll kuﬂumn RMAY, 24 ko'in !NA!I and I-i Wnll single. oell‘mblww mxpariments.
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Figure 7 Mitochondriol occumulotion of Drpl
s contoctin and coflin RNAJ cells. |A-C) Conval
BNAJ (A, cortoctin BNA (B], ond cohiin RNA

averkay and datal

chondric [1ed cn overlay ond detol moges]. In

ages ware cequired wairg srucksred dhm

maging, Weimen
t 0.

Botom. of the cofl ore shown, B
[dutai] 5 pm § Colocalizafion of
mitochanch i wot onalyzed

o RNGA), ond cablin RNAL &
mprasent Miecar's comelotion cefic 1
ot reveaks the degree of ossociatcn of pinels in
rein of thm image. Dot represeet the
250 of 15 imoges/c
i andiysis corkaed
15 of cortoctin or cobla RNA) on acoumr
lotion of miochosdriel Focin in urireaked and
FCCParmcted (2 min veotmard] contol RNAS, cor
socsin RNAL, and colfin RNA cell. Doro ropresens

I Geocin and <o ablin prowein levels in g
cribed cbove (A-E| were anclyzed by Vestern
A cul Yot Tom20 wos wind o

ton @ Ce

oefliso:

Manser's

Drpl complexes in cortactin and cofilin RNA cells were larger
than those detected in cantrol RNAi cells (Fig. 7, A-C, arrows).

We also tested the degree to which conactin and cofilin
induced mitochondrial sccumulation of

labeled with Alexu-phalioidin and anti-cytochrome ¢ antibody
Quantification revealed that n both conactin and cofilin RNAI
cells (Fig. 7 F), FCCP treatment resulted in reduced numbers of
cells displaying mitochondria-associated Factin compared with
control RNAI cells (25,66 + 4.22 in cortactin RNAI cells and
2300 2 2,66 in cofilin RNA cells com 7
in control RNAi cells: Fig. 7 E)

o with 36.67

Published reports indicate that cortactin, cofilin, and Arp2/3
protein complexes ane ubiquitous proteins distributed in the
noclews, cytosol, and membrane compartments of the cell, in-
cluding the cell membrane, ER, and Golgi complex (Nishida
et al. 1987; Yonezaws et al.. 1987; Wu and Montone. 1995;
Kaksonen et al.. 2000; Okreglak and Drubin, 2007). Using
structured illumination imaging, we analyzed the spasial rela-
tionship between endogenous comactin, cofilin, or Arp3 and
mitochondria i control and FCCP-treated wild-type and
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Depl MEFs (Fig. 8). Consistent with published data, in wild.
type MEFs conactin (Fig. 8 A, cofilin (Fig, 8 B). and Arp3
(Fig. 8 C) were abundant within the cytosolic boundaries of the

cell without showis

strong mitochondria colocalization pat
terns. However subsets of these proteins colocalized with or
were found in close association with mitochondeia (Fig. 8, A-C
ailar Jocalization of ARCIp34, anotber com-
panent of the Arp2/3 complex, was also detected (unpublished
data), Although these data do not prove that comactin, cofilin.
and Arp2/3 complexes act  the OMM. we believe that the

nitochondrial Jocalization
with the data shown in &
evidence suggestin

of these proceins, in combination

fier sections of this work. provides
direct mitochondrial roles for cortactin,
cotilin, and Arp2/3 complexes. Further supportin
additional mitochondri
apparent in Depl
Drpl ™" cells amy

sccumulation of these proteins was
MEFs (Fig. 8, D-F). Notably, in many of

ee cortactin (Fig. 8 D) was detect-
able. Quantitative colocalization

lysis slso revealed significant
ctactin, cofilin, and A3 colocal
n with mitochondeial markers in Drpl * MEFs
pared with wild-type MEFs (Fig. 8 G). Although M
coefficient (Rr) values in wild-type MEFs were relatively low.
in Drpl ™"~ MEFs they approached values detected for Drpl
colocalization with the mitochondria in wild-type MEFs
Fig. | F). Thus, we conclude tha
mitochondrial accumalation of

ee of

Drp1 keockout leads to robust
stactin, cofilin, and Amp3

1
H

Fl g ure 7: The researchers wanted to know if actin polymerization regulating proteins (proteins that allow or
disallow actin polymerization) could be increased or decreased in expression and it lead to a change in mitochondrial
fission. Using RNAI (inhibitory RNA that stop the expression of a particular gene), the researchers then observed if
mitochondrial fission was affected. The control (unmanipulated cells) is GFP -RNAi (an inhibitory RNA that does not
affect the expression of the genes of interest). They are fluorescing DRP in green, which is a fission protein, as well
as the outer mitochondrial membrane protein TOM20 and comparing the fluorescence intensity in control cells
(unmanipulated), as well as two actin polymerization regulating protein inhibitions (cofilin and cortactin RNAI) to see if
the two proteins co-localize (are around one another). Quantification is in 7D, and amount of filamentous actin is in
7E (DMSO is a control, it does not affect the cells).

Primary Results

- With actin regulating proteins knocked down, there is greater colocalization of DRP (fission protein) and TOM20
(outer mitochondrial membrane protein).

- With FCCP (stressor the induces mitochondrial fission), there is greater actin polymerization, even with inhibition of
actin regulating proteins (because the inhibition is not complete and absolute).

When actin cannot polymerize, DRP likely binds mitochondria, but fission is impaired. Actin highly
polymerizes when induced to undergo fission.




WT NEF

Fi gure 8: [A-F] The researchers are looking at the co-localization (are they near one another?) within the cell
of two proteins - an actin regulating protein (cortactin, cofilin, Arp) and mitochondrial proteins (TOM20 - outer
membrane of the mitochondria; Cyto C - Inner membrane of the mitochondria) - quantified in [G]. WT is wild type
(normal cells, unmanipulated) while DRP1 -/- are DRP knockout cells that do not express DRP1 (fission protein).

Primary Results
- There is greater colocalization of actin regulating proteins with mitochondria in the DRP deficient/knockout cells.

_ When mitochondrial fission is not possible, actin proteins accumulate on the mitochondria.
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i
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- h a

quired usng structured iluminaton imogng. Single z-seckons ooquired

20 pm; debcsl) 2.5 pom. ction of conacsn, cotlin, and Aip3 with mikachoacria
arclyznd in wikhh MEFs, The volms 1 Mand's cormelotion
dfferent charne cf 15 imoges/ccnd
Sotivicd vignicance was 0

nen et al., 2000; Oser et al,, 2009; Mooren et al,
“hen and Pollard, 2013; Blanchoin et al., 2014) Jed to mito-

He
is vital for the control of Drpi-medisted mitochondsial division.

we shaw that transient assembly of F-actin on the OMM

Our data also indicate that F-actin participates in both stress-

ondrial fission,

induced and physiological mit
Tthas been proposed that the lincar F-actin mediator INF2,
d likely lincar F-actin fibees. ane impoctant for Drp | -depend

mitochondrial fission (Korobova et al., 2013). We found

fission. We found that overexpressic
down-regulation of branched F-actin chain modifying proteins  (Chhabea ¢t al.. 2009) ar
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(INF2*) Jed 1o sctin sccumulation on the ER. Furlbernsore,
INF2*" induced shnormal bundling of Feactin, associated
altered mosphology of the ER. s previously shown for the
INF2 DADVWH2 domain mutant {Chhabra et al., 200%) Also s
reported previously (Korobova et al., 2013), mitochondrial
fragmentation was apparent in INF2Y““.expressing cells
{unpublished data), However, we were not shle s detect tran-
swent assemibly of F-actin on the mitechondrial lssion siies aml
effects of INF2 and INF2*'™ on mitochondrial assembly of
Drpl (unpublished data), Thus, INF2-induced mitochondrial
assembly of F-actin might be very transient and not detectable
by our fmaging setp. Alematively, hased on the fact that over-
expression of either INF2 ar INF2''™ induces robust F-actin
assembly on the ER {unpubdished data) and fragmented mito-
chondria in INF2** expressing cells tend o accomalate along
an INF2-positive subset of the ER (unpublished datal, it is likely
that i the ER of the mi rial fission

Greater understanding of the molecular mechanism that
coordinates mitochondrial assembly of Feactin with Drpl-
dependent events of mitachandrial fission is eritical. We are
currently i i the potential mitochondr; P
that might be implicated in cocrdination of F-actin and Drpl-
dependent steps in mitochandrial fission. One possibility is that
MDA or ather mil ial receptors of D could ser
this purpose. Supporting this natien, it has been shown that
overexpression of MiD49Y5 1 led to inhibition of mitochondrial
division associated with both mitochondrial accumulation of
innctive Drpl and abnormal mitochondrial assembly of F-actin
(Palmer ¢t al., 2011).

Although the connection between cortacting cofilin,
A2 complexes, and Factin assembly on the mitochandria
with Dip | -mediated mitochondrial division has not been previ-
sy demeastrated, o potential sole for cofilin in te regulation

of has been reported. It was shown that cofilin

pathway are critical for INF2-mediated fission,
Under this scenario, INF2 could regubse lincar F-actin assem-
By on the ER tubules that would subsequently redistribute 1o
the mitochondrial fission sites 1o complete the mitochondrial
fission process in a manner reposied previously (Friedman
etal., 2001k Although we were porable o determing the effect
of INF2*"" om mitechondrial assembly of F-actin in an
unbiased manner as a result of extensive bundling of F-actin
filaments, INF2 overexpression in Hela did not appear to
affect FOCP-induced mitechondrial assembly of F-actin
(urpublished datah.

We show that down-regulation of the branched Feactin
mendifying proteins, contactin and cofilin, led w0 abaoemal aceu-
mwuibation of Dipl on the mitochondria, Becsuse mitochondrial
accumulation of Drpl s often sssociated with mitochondrial
fragmentation (Frank et al., 2001 Benard and Karbowski, 2009;
Braschi et al., 200%; Stavru et al.. 20131, Drpl sccumalation
on highly interconnectedielongated mitochondria is some-
whal counterintuitive. However. it has been shown that overex-
pression of MiD495 1, mitochondrial receptars of Drpl, ar
expression of a dominant-negative mutamt of MARCHS, a
mitochondria-associated E3 ubiquitin ligase, led o mitochon-
drial accumulation of Drpl fission complexes associated with
abormal ebongation of mitochandria (Karhowski et al,, 2007;
Palmer et al., 200 1; Losda et al.. 20035, It is possible thar mine-
chondrial sccumulation of Drpl chserved in conactin or colilin
RNA cells is a result of inhibition of plausible Drpl assembly-
independent steps of mitochondrial division. Under this sce-
nari, both mitochondrial assembdy of Dipl fssion complexnes
and F-actin—dependent OMM aberations would be required for
completion of Depl -dependent mitochondrial fission. Inhibition

trans-locates 1o the upon activation of siress-
induced apoptosis (Chis et o, 20005 Li et al, 20030 or necrosis
(Wabnitz et al.. 200100 Because Dipl-madiated mitochondsial
Fragmentation is one of the events universally linked to stress-
induced apoptosis (Youle and Karbowski, 2005), it is possible
that cofiling and perhaps cofilin-dependent mitochondrial
Fuactin B . . . .
of the mitochondria. The suggested role of mitochondrial
assembly of F-actin in apopeosis-related mitochondrial fission
s supported by data showing that in cells weated with various
apoptosis inducers, Brsctin accumulaed on the mitochondria
(Tang et al., 2006).

Structured illamination imaging revealed that Factin lo-
calimed to the CMM without Torming specific submitochondrial
foci colocalized with Drpl amd mitochomdrial division sises.
These findings are al odds with recently published data suggesi-
img that F-actin might form submitochondsial foci specifically o
sites where mitechondria intersct with the ER { Korobova et al
2013). Our results showed a diffuse kocalization of F-actin on
OMM. Althoagh these data do nat exclude the possibility that

itoch i iaed Factin specificall; i) in
ER whube— and INF2-medisted milochondrial fission. they sug-

2 ey role for mi C of Faactin
in miscchondrial fission and perhaps other aspects of mitochan-
drial homenstasis, Most of the proteins implicated in misechon-
drial fission in mammalian cells—including Drpl and Drpl
receptars MIT and MiD49/51, as well as a dominant-negative
mutant of MARCHS, a mitochondrin-ssociated E3 whigquitin
ligase—localize 1w submdtochondrial foel formdng Drpl fission
compleses (Karbowski et al.. 2007; Otera et al.. 200(k Friedman
etal, 2001; Palmer et al., 201 1; Losdn et al., 2013). The diffuse

of either of these pathways would prevent af the
ather pathway, Indecd, Drpl accumulated on the mitochondria
i cortactine or colilin-depleted cells (Fig. 7), whereas Feactin and
sctin regulatory proteins corlactin, cofilin, and A3 accuma-

P of F-actin is mther unique, with the
exception of Fisl. another mitochondrial recepros of Dipl
James et al.. 2003 Yoon et al., 2003; Loson etal., 2003). Given
the current understanding of how Feactin contribates 10 mem-

lated in Drpl-depleted cells (Fig. 81, Similarly, in d; inl /2"
double knockeut cells, abnormal accumulation of F-sctin at en-

lar mechanism in Dipl-depleed cells,
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b in it
fs possible that the OMM assembly and dynamics of F-actin
provide mil dal divisi ilitatis i of the
OMM. Indesd, it has been proposed that in dynamin- and
clathrin-dependent endocyiosis, local assembly of the F-actin
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cytoskeleson led 1o reorganization of membrane lipids, in partic-
ular cholesterol-enriched lipid domains that in tarn facilitated
vesicle fission (Yao et al.. 2013: Dason et b, 2014). 1t is also
likely that F-actin has a critical role in providing a mitochondrial
constrictionfscissson-facilitating force (Sknuzny etal., 2012).

Materials and methods
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respactive shENAI comairucts,
Mﬁh)n/dwnl«nmudnmnm
foctnd cals.

Immoncuceescen pnmwﬂldn«rbdbmadmd

100%/1.4D ol DIC M27 objectve lens (Corl Zeiss) o8
Korbenski Karbowski

desciibed pravicudy o, 2004; o ol 2006). b
bl ecion f o preochvtin moge, cecy-
o agion el iares 3517340

fght [ulmgcdwnﬁmcwmlonlmmwﬂuw) followed by Sme-
lopse imaging waing 48B.em exciatios light and 488am Argon lon Lozer
momwuaom 15 povectvesion images weee ccllscted wih in-
terval between imoges set 1o 2 min. To ovaid zsection shif, focus wos

:m-.d using the “Muls-sme Macro’ rd syvam |-
finescons fo detect the reflection e coverglazs]. Images were

acueed ond anclyzed uing ZEN 2009 inoge Scqustion schwore

[Corl Zaiss).

Westurn blot

J, and totol cell J

WIXuMd 2OI|] hbﬁllcﬁllmmnﬂ‘d
'BS,

ith icecold
m 100°C for 10 min. Wﬁmmwmmm
»-dumhhwus 1000 spectophotometer rﬂ--er.-h-rSe»

ok [Roche)
wmxlnwmsewq IWM
A“..?&a......mw......

Karbowski, 2009; x..-d 2011). Fr

0 Zewel ch des wers faod
ml\m—dulf’cﬂ" fee 20 min # R, ond
then nmmmsﬁmmuwhmbzoma" Ah-
lscking with 7.5% BSA in PBS lor 45 min,
primary antibodies i 7.5% BSA in PBS for 90 min u IV ‘dlo«d br
3 woshes with 7.5% BSA in #8S and incebation wih
diusnd in blocking buller for 45 min of T, SMMNM-‘*’!S

(GE Huabheere).
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R, o within 2 d o
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fdiution 1 10(10 clone FL145; Sunlu me Bictechnology, In:), ant-
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Arfimycin A-reoted cals. Fig. 52 shows spatial relotion of Foactin
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54 shows mitachondrial assembly of Focin of mRuby-
u:r|=".¢..n.mm.a. Fig, 55 shows
herrpUhCH in
Online ..E,M motecal is mllubh af hﬂp//-w- ieb.org/egi/

anti-cabbit Aleso Fhior 546 || 500, Moboukar Probey) fw in h—d
cells wos detected wsing Nlexo 546-phalioidin, o(mdllu o the
ol Praban), 1o bl o Block

Arwr's prteeo bl
i FBS, coils were incuboted with 6.7 U/l Alewo i blockng
lber o 40 min o1 %1, wshed ard then processed ko mmnofucrescanos
wifh respactiom primary artibodies
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