
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 whi ch 
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-I 
begins the process of autophagy until it matures (now LC3-II) into the vesicle/membrane that 
envelopes the mitochondrion and degrades it (mitophagy). 

Cofilin is a protein that binds polymerized/filamentous actin (actin 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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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). 
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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).
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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. 
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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 administration of drugs, cofilin decreases 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. 

Take Away: It is likely that cofilin moves from the cytosol to localize around mitochondria. 
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Figure 4

The researchers are using a silencing RNA (technically short hairpin - shRNA) to knockdown the expression of 
cofilin (the actin depolymerizing protein) and seeing what effects can be seen in a number of conditions.[4A,B]
The researchers are using these silencing RNA to test if the silencing RNA actually works compared to control 
(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 
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 
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 
the drug CCCP with cofilin knocked down (by silencing RNA) - shCon is the control (no silencing of cofilin). The 
bar graph in [4D] is just the quantification of co-localization. [4E] They are showing the length/size of the 
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. 

Primary Results
- Cofilin knockdown works. 
- Cofilin knockdown also knocks down LC3-II and PARK2. 
- Cofilin knockdown stops colocalization of LC3 to mitochondria. 
- CCCP does not rescue mitochondrial fission when cofilin is knocked down. 

Take Away: Cofilin is a necessary protein for mitochondrial fission and autophagy to occur. 
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Figure 5

In the last figure (figure 4), the researchers knocked down cofilin - now, they are overexpressing it (the cell 
generates more of it). [5A,B] The researchers are simply measuring their overexpression (Cofilin-WT) works by 
measuring the cofilin protein level compared to control (Con and Vector Control) - [5B] is the quantification of the 
smudge darkness and size (darker and larger is more protein). [5C,D] The researchers are comparing the levels of 
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 
protein amount to the unchanging COX IV amount. The darker the smudge, the more protein. [5D] is the 
quantification of [5C]. [5E-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.

Primary Results
- Cofilin overexpression increases autophagy markers. 
- Cofilin increases co-localization of mitochondria with autophagy markers (LC3-II)
- Cofilin overexpression decreases size of mitochondria, especially when fission is stimulated by CCCP. 

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

to occur. 
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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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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-II). 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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