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• First (golden standard): to use the mRFP-GFP-LC3 (ptfLC3) plasmid/cell line: GFP-LC3 
loses fluorescence due to lysosomal acidic and degradative conditions but mRFP-LC3 
does not, indicating that the latter can label the autophagic compartments both before 
and after fusion with lysosomes. When using it, one can combine autophagy-inducing 
(e.g., FBS starvation in cell culture for 2 h) and inhibiting (e.g., 100 nM bafilomycin A1) 
conditions
https://pubmed.ncbi.nlm.nih.gov/17534139/    
http://www.addgene.org/pgvec1?f=c&cmd=showcol&colid=623

• Electron microscopy (golden standard, if with gold staining that would be even better): 
shortages are technical challenging, ‘subjective’ and it takes time to quantify.  

• Hela-GFP-LC3

• Hela-GFP-WIPI2B

• Western blotting: Since increase LC3B-II/LC3B-I  (or LC3B-II/actin) happens in 

both autophagy induction and inhibition conditions, a autolysosome inhibitor (e.g., 

bafilomycin A1 or chloroquine) should be used

To check whether a gene/protein or compound induces or inhibits autophagy

General guidance 
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Dissection of the autophagosome maturation process by a novel reporter protein, tandem fluorescent-tagged LC3

Shunsuke Kimura 1, Takeshi Noda, Tamotsu Yoshimori

Affiliations

•PMID: 17534139

•DOI: 10.4161/auto.4451

Abstract
During the process of autophagy, autophagosomes undergo a maturation process consisting of multiple fusions with 

endosomes and lysosomes, which provide an acidic environment and digestive function to the interior of the 

autophagosome. Here we found that a fusion protein of monomeric red-fluorescence protein and LC3, the most widely 

used marker for autophagosomes, exhibits a quite different localization pattern from that of GFP-LC3. GFP-LC3 loses 

fluorescence due to lysosomal acidic and degradative conditions but mRFP-LC3 does not, indicating that the latter can 

label the autophagic compartments both before and after fusion with lysosomes. Taking advantage of this property, we 

devised a novel method for dissecting the maturation process of autophagosomes. mRFP-GFP tandem fluorescent-

tagged LC3 (tfLC3) showed a GFP and mRFP signal before the fusion with lysosomes, and exhibited only the 

mRFP signal subsequently. Using this method, we provided evidence that overexpression of a dominant negative form of 

Rab7 prevented the fusion of autophagosomes with lysosomes, suggesting that Rab7 is involved in this step. This method 

will be of general utility for analysis of the autophagosome maturation process.

The use of the mRFP-GFP tandem fluorescent-tagged LC3 (tfLC3) reporter 
cell line to quantify autophagic flux 
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Figure S3. XPA Deficiency Induces Autophagy through mTOR Inhibition, Related to Figure 3

(A) Endogenous LC3, XPA and actin levels were measured by immunoblot of total cell lysates after 24h treatment with Bafilomycin A1 (100 nM Bafi. 

A1), chloroquine (10 mM Chloro.) and rapamycin (1 mM Rapa.).

(B) Relative LC3-II levels normalized to actin (means ± S.D., n = 3).

(C) Autophagosomes and autolysosomes were quantified by confocal microscopy after transient transfection with the ptfLC3 plasmid. 

Autophagosomes are GFPtagged (green) and combined autolysomes and autophagosomes are RFP-tagged (red). Scale bars, 15 mm.
(D) Quantification of (C) (means ± S.D, n = 10).

ptfLC3 plasmid

Bafi.A1

XPA Deficiency Upregulates Autophagy

Because previous reports showed altered macroautophagy (hereafter referred to as autophagy) in AT and CS (Scheibye- Knudsen et al., 2012; Valentin-Vega et al., 2012), we speculated

that an autophagic defect in XPA could explain the increased mitochondrial content. To address this hypothesis, we examined the changes in autophagosomes, autolysosomes, and several

autophagy-related proteins. Surprisingly, we detected increased levels of the LC3-II signal, which indicates increased autophagy in all four XPA-deficient human cells as well as in rat 

neurons subjected to shRNA knockdown of XPA (Figures S3A and S3B). Increased LC3-II was also detected in CSB and ATM

cells (Figure S3A, right panel). Treatment with the lysosome inhibitors bafilomycin A1 and chloroquine revealed increased LC3-II in XPA cells compared with XPA+ cells, indicating that

XPA deficiency may induce autophagosome synthesis (Figure S3A, first panel). Accordingly, quantification of autophagy using an monomeric red fluorescent protein (mRFP)-GFP tandem

fluorescent-tagged LC3 plasmid (Kimura et al., 2007) revealed increased numbers of both autophagosomes and autolysosomes compared to controls (Figures S3C–S3E). Further p62 levels 

were decreased in XPAcompared with controls (Figure Figure S3F), indicating increased autophagy (Klionsky et al., 2012). This was supported by increases in Beclin-1 levels and Atg12-

Atg5 conjugation in XPA cells compared with WT (Figure S3F), reflecting activation of autophagy (Klionsky et al., 2012). Notably, these changes were also seen in CSB- and ATM-deficient 

cells (Figure S3F). Furthermore, activity of the mechanistic target of rapamycin complex 1 (mTORC1), which downregulates autophagy, was inhibited as evidenced by the decreased level
of phosphorylated p70S6, a downstream target of mTORC1 (Figure S3F).-------Fang EF et al., Cell 2014

To evaluate autophagic flux using Bafi.A1 and ptfLC3
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Figure 5. GFP-LC3 and mRFP-GFP-LC3 (ptfLC3) Puncta Formation Assays (A) NIH 3T3 cells in 

culture stably expressing GFP-LC3 with (right) or without (left) 2 hr of starvation (depletion of both amino acids and serum). 

There is not only an increase in GFP-LC3 puncta number, but also a decrease in total GFP-LC3 fluorescent signals during the 2 

hr incubation period. (B) Example of an analysis of GFP-LC3 transgenic mice. Skeletal muscle (extensor digitorum longus) and 

heart muscle samples were prepared from GFPLC3 transgenic mice before (left) or after (right) 24 hr of starvation. (C) Mouse 

embryonic fibroblasts expressing mRFP-GFP-LC3 (left) were subjected to starvation treatment (2 hr) with (right) or without 

(middle) 100 nM bafilomycin A1 to inhibit autophagosome/lysosome fusion. Note that both yellow (autophagosome) and red 

(autolysosome) puncta increase in the middle panel, whereas most puncta in the right panel are yellow (autophagosome). Scale 
bars represent 10 μm. (Images in A and C courtesy of Eisuke Itakura.)

https://www.sciencedirect.com/science/article/pii/S0092867410000632 5

GFP-LC3 and mRFP-GFP-LC3 (ptfLC3) Puncta Formation Assays 



Figure2. Autophagosome and Autolysoso

me Morphology

Electron microscopic analysis of nutrient-

starved mouse embryonic fibroblasts. 

Arrows indicate autophagosomes and 

double arrows indicate 

autolysosomes/amphisomes. Arrowheads 

indicate fragments of endoplasmic 

reticulum inside the autophagosome. 

(Image courtesy of Chieko Kishi.)

https://www.sciencedirect.com/science/article/pii/S0092867410000632 6

Electron microscopic analysis of autophagosome and autolysosome events

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/autophagosome
https://www.sciencedirect.com/topics/immunology-and-microbiology/autolysosome
https://www.sciencedirect.com/topics/immunology-and-microbiology/endoplasmic-reticulum


LC3-II Tagging and Western Blotting for Monitoring Autophagic Activity in Mammalian Cells

Anne Streeter , Fiona M. Menzies , and David C. Rubinsztein

Abstract The autophagosome-associated protein LC3-II is commonly used as a marker of autophagic activity 

within cells, but its levels are affected by both formation and degradation of autophagosomes. This can make the

signifi cance of altered LC3-II levels ambiguous. Here we describe the method of Bafi lomycin A 1 blotting,

in which the degradation of autophagosomes is prevented in cultured cells, allowing the causes of altered

LC3-II levels to be determined.
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Why we need Bafi.A1 for the evaluation of  autophagic flux



The process of mitophagy and its roles in 
neuroprotection and healthy aging
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Energy metabolism

Cell signalling pathways

Healthspan and lifespan

Neuronoprotection

Kerr J…Fang EF, Trends in Neurosciences, 2017
Palikaras K et a., Tavernarakis N, Nature 2015
Menzies FM…Rubinsztein DC, Neuron 2017
Klionsky DJ et al., Autophagy 2016

Proteasomal degradation

(targeting on mito. Outer membrane proteins)

Mitophagy



Golden standards (to do first)
1. Mito-keima plasmid or cell line(s) or fly strains (Using a mitochondrial targeting sequence from COX VIII, Keima can 

be directed to the mitochondrial matrix) https://pubmed.ncbi.nlm.nih.gov/26549682/

2. Dojindo mitophagy detection kit  https://dojindo.com/product/mitophagy-detection-kit/ (weaknesses: the dye is 

mitochondrial membrane potential (MMP)-dependent. So it does not stain mitochondria which are already damaged…) 

3. Electron microscopy (if with gold staining that is the best): (weaknesses: time-consuming, expensive machine..) 

Other choices 

4. Mito-rosella plasmid or worm strains (TOMM-20::Rosella rosella is attached to the mito. outer membrane, so 

theoretically it is not as good as mito-Keima. But comparison studies, the data show both mito-keima and mito-rosella 

are similar good.  https://pubmed.ncbi.nlm.nih.gov/25896323/

5. Mito-QC plasmid and fly strains. tandem mCherry- GFP tag fused to the mitochondrial targeting sequence of the 

outer mitochondrial membrane (OMM) protein, FIS1 (comprising amino acids 101–152). . 

https://pubmed.ncbi.nlm.nih.gov/27458135/. Theoretically it is not as good as mito-Keima. But comparison studies, 

show both mito-keima and mito-rosella are similar good (https://rupress.org/jcb/article/217/5/1613/38895/Basal-mitophagy-is-widespread-in-Drosophila-but)

6. Other cell types we have: a) 3 plus (expressing mito-GFP; mcherry-Parkin and Cas9); b) YPH (YFP-PARKIN-HELA); 

c) YPH (YFP-PARKIN-HELA)-mtKeima

7. Mitochondrial DNA (https://pubmed.ncbi.nlm.nih.gov/26266977/ ) (if one drug can induce both mito. Biogenesis and 

mitopagy, then this may give false negative data)

8. To use western blotting/PCR to check changes of proteins/genes in the mitophagy pathway for mechanistic studies. 

9. More: https://evandrofanglab.files.wordpress.com/2019/09/jove-evandro-eff20jove-protocol-56301-in-vitro-vivo-

detection-mitophagy-human-cells-c-elegans.pdf

10. To use positive control (eg. FCCP/CCCP in cells or worms)

To check whether a gene/protein or compound induces or inhibits mitophagy

General guidance 
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https://pubmed.ncbi.nlm.nih.gov/26549682/

HeLa Mt-Keima cells 

https://pubmed.ncbi.nlm.nih.gov/26549682/


Image: https://core.ac.uk/download/pdf/236213171.pdf page19

Mechanism on how the mtphagy dye works

https://core.ac.uk/download/pdf/236213171.pdf


Image (left): Dojindo

Fang EF et al., Sci Rep 2017 https://pubmed.ncbi.nlm.nih.gov/28397803/

Mechanism on how the mtphagy dye works + one research example (the 1st third 

party to use and validate this dye)



Mitophagy events in images from electron microscopy 

Richard J. Youle lab, Neuron 2015

Figure 7. Electron Micrographs of Parkin-Induced Mitophagy and Autophagosomal Engulfment 

of Mitochondria Mouse embryonic fibroblasts overexpressing Parkin and treated with 20 mM 

CCCP for 12 hr. White arrowhead points to autophagosome forming aroundmitochondria. Scale 

bar = 500 nm.

Images from Yoshii et al. (2011).



Fig. 2 PTEN-L negatively regulates mitophagy induced by 

various mitochondria-damaging agents. 

a YFP-Parkin-HeLa cells with PTEN-L stable expression or 

control vector were treated with CCCP (5 μM) for 24 h and 

immunoblotting for mitochondrial proteins was performed as

indicated. b Quantification of mitochondrial proteins from a. 

c Degradation of mtDNA. Representative images of YFP-Parkin-

HeLa cells with PTEN-L stable expression and control vector 

immunostained to label mtDNA (red) after treatment with CCCP 

(5 μM) for 24 h. d Quantification of mtDNA from > 300 cells per 

group. Scale bar, 10 μm. e Wild-type (WT) and PTEN-L KO YFP-

Parkin-HeLa cells were treated with CCCP (4 μM)

for 24 h and immunoblotting was performed as indicated. f 

Quantification of data from e. Data in b, d, f are presented as 

mean ± SD from

three independent experiments. ***P < 0.001 (two-way ANOVA, b 

and f), ***P < 0.0001 (Student’s t-test, d)

To use FCCP (CCCP) as a positive inducer of mitophagy

-------COXII (the best), Tim23 as good markers for mitophagy

------- MFN1, MFN2, Tom20 are not good markers for mitophagy, because outer mitochondrial membrane protein can be 

cleaved through proteasome degredation

-------staining of mtDNA as a good method to validate the WB data of mitophagy 

Wang L et al., Cell Research, 2018

PTEN-L is a novel protein phosphatase for ubiquitin dephosphorylation to inhibit PINK1–

Parkin-mediated mitophagy
14



We analysed mitophagy in pentaKOs by measuring the degradation of cytochrome C oxidase subunit II (COXII), a mitochondrial 

DNA (mtDNA)-encoded inner membrane protein, after mitochondrial damage with oligomycin and antimycin A.

Parkin translocated to mitochondria (Extended Data Fig. 1c), and MFN1 and TOM20 (also known as TOMM20) were degraded via 

the proteasome comparably in wild-type and pentaKOs

Comment 1:   In ATG5 KO condition, mitochondrial damage agents (OA) still induce degredation of mitochondiral out membrane

protein MFN1/MFN2 and TOM20 through proteaseom degredation

Comment 2:  However, as the mitochondrial inner membrane protein, COXII is majorly degredated by mitophagy 

Comment 1:

Comment 2:
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Reduced mitochondrial outer membrane protein level (e.g., TOM20) does not 

necessarily correlate with increased mitophagy



Set up a time point-based experiment
CCCP, 12 h, 24 h
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Staining of mitochondrial DNA is a ‘good standard’ to 

quantify mitophagy-says Richard Youle

Richard Youle lab, Nature 2015 17



HSP60, the mitochondiral matrix protein, can not be degredated by mitophagy 


