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Abstract

Mitochondrial physiology and metabolism are closely linked to
replication and transcription of mitochondrial DNA (mtDNA).
However, the characterization of mtDNA processing is poorly defined
at the single-cell level. We developed mTRIP (mitochondrial
Transcription and Replication /maging Protocol), an imaging approach
based on modified fluorescence in situ hybridization (FISH), which
simultaneously reveals mitochondrial structures committed to mtDNA
initiation of replication as well as the mitochondrial RNA (mtRNA)
content at the single-cell level in human cells. Also specific RNA
regions, rather than global RNA, can be tracked with mTRIP. In
addition, mTRIP can be coupled to immunofluorescence for in situ
protein tracking, or to MitoTracker, thereby allowing for simultaneous
labeling of mtDNA, mtRNA, and proteins or mitochondria,
respectively. Altogether, qualitative and quantitative alterations of the
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dynamics of mtDNA processing are detected by mTRIP in human cells
undergoing physiological changes, as well as stress and dysfunction.
mTRIP helped elucidating mtDNA processing alterations in cancer

cells, and has a potential for diagnostic of mitochondrial diseases.
AQ1
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1. Introduction

Mitochondria are highly dynamic organelles that can fuse and divide to
produce a variety of morphologies ranging from individual entities to
interconnected tubular networks, which are functional to cell growth, cell
physiology, and disease [1, 2]. In eukaryotes, mitochondria play a central
role in the energy metabolism that is regulated by the nuclear genome as
well as the organelle genome. In mammals, individual mitochondria carry
multiple copies of double-stranded circular mtDNA, packed into
nucleoids structures and autonomously replicated and transcribed [3, 4].
The human mtDNA is a 16.5 kbp molecule coding for two ribosomal
RNAs, 22 transfer RNAs, and 13 protein-coding genes that are transcribed
into polycistronic precursor RNAs and then processed to mature mRNAs,
rRNAs, and tRNAs ([5]) (Fig. 1). The dynamics of mtDNA replication are
still debated, and distinct models are proposed ([6—8], for reviews see
[9—11]). Nevertheless, in these models initiation of replication takes place
at the Oy origin, and the nascent heavy (H) strand may subsequently
pause about 700 nucleotides downstream generating the 7S DNA, which
produces a characteristic triple displacement loop or D-loop [12]. mtDNA
replication and transcription have been extensively characterized by
biochemical approaches, which assess values within large cell
populations. In addition, superresolution imaging reeently revealed, at the

2 of 27 18/01/2021, 14:36



e.Proofing | Springer https://eproofing.springer.com/books_v3/printpage.php?token=...

single cell level, that mtDNA replication occurs only in a subset of
nucleoids [13, 14]. These findings underscore the urgency of combined
protein and DNA analysis of mitochondrial substructures. However,
classic FISH procedures may damage protein epitopes and are therefore
not suitable also for immunofluorescence analysis, thereby limiting the
simultaneous track of mitochondrial nucleic acids and proteins.

Fig. 1

Schematic representation of the human mitochondrial DNA and probes used
in mTRIP. The H (heavy) and light (L) strands of the mitochondrial genome
are indicated in the external and inner circle, respectively, with the position
and name of single genes within. tRNA genes are indicated with a black dot
and the corresponding letter. All genes are located on the H-strand, with the
exception of ND6 and several tRNAs, located on the L-strand.
Magnification of the D-loop region (which contains H-strand origin of
replication (Op) and promoters of both H (PH1 and PH2) and L (PL)
strands) 1s shown on top. Blue arrows indicate the direction of DNA
replication from Oy and O; . The position of probe mREP and probes 1, 6,
and 11 is indicated with a red box. mTRANS is a mix of probes 1, 6, and
11, which targets rRNA as well as several coding genes and tRNA on both
strands
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mTRIP, a novel imaging protocol based on modified FISH, identifies
mitochondrial entities engaged in the mtDNA initiation of replication, and
can simultaneously reveal the mitochondrial RNA (mtRNA) content in
single human cells. Moreover mTRIP can be coupled to
immunofluorescence, making possible the combined detection of mtDNA
initiation of replication, mtRNA content, and proteins of choice in single
human cells [15] (Fig. 2). MtDNA initiation of replication is identified by
the mREP probe, which targets a specific DNA region located upstream of
the replication origin Oy and within in the regulatory D-loop. Probe

mREP recognizes only DNA in an open structure; therefore, the double-
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stranded mitochondrial genome that is not engaged in replication
initiation is not detected by mREP. mTRANS, a mix of three DNA probes
located on different regions of the mitochondrial genome, detects specific
mtRNAs which are considered representative of global mtRNA levels

(Fig. 1).

Fig. 2

Scheme of mTRIP labeling. Summary and chronology of steps of mTRIP
labeling described in detail in this document. After labeling, 3D confocal
acquisition and the subsequent treatment of acquisitions are shown. 3D
acquisition is necessary for fluorescence quantification of the entire cell

volume, but also 2D acquisition of a single plan (and thereby fluorescence
quantification of this single plan) can be performed (not shown here)
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We generally associate mTRIP analysis of mitochondrial nucleic acids
with immunofluorescence of a mitochondrial outer membrane protein
(TOM22 or TOMM22) to identify the mitochondrial network. These
labeling allow for the detection and quantification of at least three classes
of mitochondrial subpopulations: (1) replication initiation active and
transcript-positive (Ia-Tp); (2) replication initiation silent and transcript-
positive (Is-Tp); and (3) replication initiation silent and transcript-
negative (Is-Tn) [15], revealing that individual mitochondria are strongly
heterogeneous within human cells (Fig. 3a—d). This heterogeneity is
functional to physiological changes, as during the cell cycle [16], and can
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be also affected during stress and disease [15]. mTRIP can be also
associated with MitoTracker analysis, which detects mitochondria in
living cells, based on its binding to thiol groups present in the organelle
(Fig. 3e—h). Other probes than mREP and mTRANS can be produced to
target specific regions of interest in the mitochondrial genome (see Ref.
15). For instance, mTRIP labeling with either a LSP (Light Strand
Promoter)-specific probe or an ND6 (NADH-ubiquinone oxidoreductase
chain 6)-specific probe was combined with immunostaining of the
mitochondrial transcription factor and DNA binding protein TFAM for
colocalization experiments. ND6 is the only gene located in the L-strand
of the mitochondrial genome (see Fig. 1), and is a component of the
respiratory complex [. mTRIP contributed to show that the mitochondrial
fraction of the protooncogene MDM?2 directly impacts on TFAM binding
to the LSP, thereby affecting ND6 transcription ef and thereby

the respiratory complex I function in cancer cells [17]. Described and
novel mTRIP probes, combined with a variety of immunofluorescence
and mitochondrial markers (Fig. 4) should help decipher mtDNA
dynamics and their impact under physiological changes, including stress,
and in disease.

Fig. 3

mTRIP colabeling with either immunofluorescence mitochondrial proteins
or Mitotracker. Panels a-d: Colabeling of TOMM22 immunofluorescence
(green, panel a), mMTRANS (red, panel b), and mREP (blue, panel ¢) probes,
shows mitochondrial initiation of replication, transcription, and
mitochondrial network, respectively. In merge, mREP essentially
colocalizes with mTRANS (purple; arrow; Ia-Tp, replication Initiation
active and Transcript positive), and independent mTRANS labeling
(orange; arrow; Is-Tp, replication Initiation silent and Transcript active), as
well as replication Initiation silent and Transcript negative mitochondrial
structures (green; arrow, Is-Tn) are also observed. Panels (e-h) Colabeling
of MitoTracker Deep Red (purple; panel e), mTRANS (green; panel f),
mREP (red, panel g), and merge (panel h, which was also counterstained
with Hoechst, blue, for nucleus detection). MitoTracker labeling results in a
more diffused signal than immunofluorescence and mTRIP, therefore
colocalization with other markers appears less defined in panel h than in
panel d. Ia-Tp, Is-Tp, and Is-Tn mitochondrial structures are detected also
with this colabeling (presence or absence of labeling in panels e—g is shown
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rather than in merge, because of the limited resolution of the combined
fluorescence signal by visual detection). Scale bars = 10 um

mTRANS-AttoS50 mREP-Atto425

TOMM22 (mitochondria)
a _ 2" b

MitoTracker Deep Red mTRANS-Atto488

Fig. 4

Single-cell analysis with mTRIP alone and in combination with other
approaches. The readouts of distinct mTRIP probes alone and in
combination with immunofluorescence or MitoTracker labeling are
indicated

8 of 27 18/01/2021, 14:36



e.Proofing | Springer https://eproofing.springer.com/books_v3/printpage.php?token=...

SINGLE CELL READC

~ mREP probe initiation of mtDNA replic

or

mTRIP
A

mtRNA (specific transcript,

=
mTRANS probe | mp mtRNA content (global)
\_| other probe =

Immunofluorescence | mp protein of choice

MitoTracker mitochondria

Notably, the mREP and mTRANS probes alone can act as markers of
functional mtDNA processing. The investigation of functional mtDNA
processing in single cells has relevance beyond classical mitochondrial
activity (oxidative phosphorylation). For instance, mTRIP labeling with
these two probes contributed to demonstrate that mtDNA acquired from
the host mouse by mtDNA-depleted grafted cancer cells was not only
present but also fully functional in individual cells a few days after
grafting [18]. This work demonstrated that acquisition and processing of
host mtDNA, and thereby restoration of mitochondrial respiration, are
essential for tumorigenesis, although not for ATP production but rather
pyrimidine biosynthesis through dihydroorotate dehydrogenase (DHODH)
reactivation [18]. In another study, mTRIP detection of mtDNA initiation
of replication using the mREP probe helped understanding the dynamics
of mtDNA synthesis/depletion. Indeed, a novel function of the
endonuclease G (EndoG) both as a stimulator of mtDNA replication
initiation and mtDNA depletion was identified [19, 20]. Further In this
study, experiments that included the mTRANS probe contributed to
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demonstrate that removal of damaged mtDNA by EndoG is compensated
by mtDNA replication to maintain mtDNA transcription and mitochondria
homeostasis H9-264.

mTRIP is therefore a versatile and powerful tool to investigate single cell
dynamics of mitochondrial DNA processing in physiology and disease.

2. Materials

Prepare all solutions using ultrapure water when needed. Follow all waste
disposal regulations when disposing of waste materials.

2.1. Probe Preparation and Labeling

1. Lysis buffer to extract total genomic DNA: 0.2% SDS, 5 mM
EDTA, 0.2 mg/ml Proteinase K in 1x phosphate buffered saline
(PBS) buffer.

2. Sodium acetate 3 M, pH 5.2, cold ultrapure isopropanol and
ultrapure water.

3. Taq DNA polymerase (we recommend LA Taq DNA polymerase
TaKaRa).

4. Primers for PCR amplification of the mREP probe from total
genomic DNA:

Coordinates of all primers are according to NC 012920
GenBank.

mREP (98 nucleotides, nt): coordinates 446-544.
Forward 5'-ACATTATTTTCCCCTCCC-3".

Reverse 5'-GGGGTATGGGGTTAGCAG-3".

5. Primers for PCR amplification of the mTRANS probe from total
genomic DNA:

mTRANS is an equimolar mix of three DNA probes: probe 1,
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probe 6, and probe 11.
Primers for PCR amplification of DNA probe 1 (961 nt):
Forward 5'-ACCAGACGAGCTACCTAAGAACAG-3'.
Reverse S'-CTGGTGAAGTCTTAGCATGT-3".
Primers for PCR amplification of DNA probe 6 (1118 nt):
Forward 5'-CTACCACACATTCGAAGAACC-3'.
Reverse S'-CGTTCATTTTGGTTCTCAGGG-3".
Primers for PCR amplification of DNA probe 11 (1420 nt):
Forward 5'-CATACCTCTCACTTCAACCTC-3'.

Reverse 5'-TGAGCCGAAGTTTCATCATGC-3".

6. PCR products cleanup system kit (see Note 1).

7. Labeling of purified mREP and mTRANS PCR products. It is
strongly recommended to label the DNA probes by Nick-
translation using Atto425 or Atto488 or Atto550 or Atto647 NT
Labeling Kit (JenaBioscience) (see Note 2).

Labeled and purified mREP and mTRANS probes must be

aliquoted and stored at —20 °C in the dark.

2.2. Cell Treatment

1. Tissue culture plates 6-well (12-well or 24-well plates are
reasonable alternatives for culture of rare primary cells or slow
growing cells).

2. Microscope glass coverslips 18 mm diameter.

3. 2% Paraformaldehyde (PFA) in 1x PBS (mix 5 ml of 16% PFA
with 35 ml of 1x PBS).
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. 2% PFA can be stored at 4 °C for a couple of weeks.

. Permeabilization buffer: 0.5% Triton X-100 in 1x PBS (mix 50 pl

of 100% Triton X-100 with 9550 ul 1x PBS).

. 20x saline sodium-citrate (SSC) buffer: 150 mM NaCl, 15 mM

Na,Citrate x 2H,0, pH 7.0). For SSC preparation, dissolve 175.3 g
of NaCl and 88.2 g of sodium citrate in 800 ml of ultrapure water.
Adjust the pH to 7.0 with 14 N solution of HCI. Adjust the volume
to 1 1 with additional ultrapure water. Sterilize by autoclaving.
Store at room temperature up to 6 months.

. Pretreatment buffer for permeabilized cells: 50% formamide—2x

SSC in 1x PBS. Store the solution at room temperature up to
6 months in the dark.

. Denaturation buffer for permeabilized cells: 70% formamide—2x

SSC in 1x PBS.

Store the solution at room temperature up to 6 months in the dark.

mTRIP Hybridization

. Parafilm.

. Hybridization buffer: 10% dextran sulfate—50% formamide—2x

SSC in 1x PBS).

Store the solution at room temperature up to 6 months in the dark
(see Note 3).

. 100 ng/ul salmon sperm DNA: dilute stock salmon sperm DNA

with 1x PBS.

Store the solution at —20 °C.

. Washing buffer A: 2x SSC in 1x PBS.

. Washing buffer B: 1x SSC in 1x PBS.
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6. Washing buffer C: 0.1x SSC in 1x PBS.

2.4. mTRIP Coupled to Immunofluorescence
1. Parafilm.

2. Blocking buffer: 5% bovine serum albumin (BSA) in 1x PBS. The
solution can be stored at 4 °C several weeks (see Note 4).

3. Primary antibody (see Note 5): we recommend the use of
unconjugated rabbit polyclonal anti-TOMM22 to label
mitochondria.

4. Fluorescence-conjugated secondary antibody (see Note 6): we
recommend the use of Cy5 (or similar) conjugated goat secondary
anti-rabbit antibody.

5. Hoechst 33342.

2.5. mTRIP Coupled to MitoTracker®

MitoTracker® Probes, Invitrogen. Select a MitoTracker probe with
appropriate spectral characteristics for successive labeling with mTRIP.
Here we used MitoTracker® Deep Red (655 nm).

2.6. Imaging Equipment
1. Confocal microscope.
2. Optional for 3D imaging: 3D-reconstruction imaging software.

3. Quantification—imaging software such as Image J.

3. Methods

mTRIP principles are summarized in Fig. 2.

3.1. Extraction of Total Genomic DNA

https://eproofing.springer.com/books_v3/printpage.php?token=...
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It is strongly recommended to use primary cells such as IMR90 at early
passages (and not cancer-derived or immortalized cell lines) (see Note 7).

1. Add 200 pl of fresh lysis buffer to the cell pellet at 50 °C for
3 hours (h).

2. Incubate at 50 °C for 3 h.

3. Add 20 pl of sodium acetate 3 M, pH 5.2.
4. Add 200 pl of cold ultrapure isopropanol.
5. Incubate at —20 °C for 15 min.

6. Centrifuge at 16,100 x g at 4 °C for 30 min.
7. Carefully discard the supernatant.

8. Add 500 pl of 70% ethanol.

9. Centrifuge at 16,100 x g at 4 °C for 5 min.
10. Carefully discard the supernatant.

11. Dry the DNA pellet for 5 min at room temperature. The pellet
should be transparent after drying.

12. Resuspend the DNA pellet in 100 pl of ultrapure water.
13. Incubate at 4 °C overnight.

14. Quantify the total genomic DNA. Dilute in ultrapure water, if
needed.

15. Storage: —20 °C.

3.2. Preparation and Labeling of the DNA Probe

1. Amplify the mREP probe by PCR using at least 100 ng/ul of total
genomic DNA and LA Taq DNA polymerase (Recommendation:
annealing temperature: 56 °C; extension: 68 °C).
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2. Amplify the mTRANS component probe 1 by PCR using at least
100 ng/pl of total genomic DNA and LA Taqg DNA polymerase
(recommendation: annealing temperature: 56 °C; extension:

68 °C).

3. Amplify the mTRANS component probe 6 by PCR using at least
100 ng/ul of total genomic DNA and LA Taq DNA polymerase

(recommendation: annealing temperature: 56 °C; extension:
68 °C).

4. Amplify the mTRANS component probe 11 by PCR using at least
100 ng/ul of total genomic DNA and LA Taq DNA polymerase
(recommendation: annealing temperature: 56 °C; extension:

68 °C).

5. Purify the PCR products using 2% agarose electrophoresis gel and
conventional PCR products cleanup kit.

6. Estimate the amount of the purified PCR product. It is essential to
get 1 ng of PCR product at a concentration of 75 ng/pl or
higher. If this amount of DNA product is not reached, one can
concentrate the DNA by sodium acetate and isopropanol
precipitation, then resuspend in the appropriate volume of
ultrapure water to reach the required concentration. Note that
precipitation of highly diluted DNA is not recommended at it may
result in salt concentration higher than necessary, in spite of
intense washing.

Be careful as the following steps are dedicated to DNA probes
fluorescent labeling by nick translation and are crucial for
mTRIP. Consider that no other technique of DNA labeling than
nick translation has been tested in this context.

7. Choose the fluorescence label for mREP and mTRANS DNA
probes (see Note 8). I[f mTRIP is coupled to immunofluorescence
and Hoechst 33342, resulting in four-color channels, the
recommended choice is mREP labeled with Atto550 NT kit,
mTRANS labeled with Atto488 NT kit, immunofluorescence with
a Cy5-conjugated secondary antibody, and Hoechst.
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8. Preparation of the mREP DNA probe:

(a) Resuspend 1 pg of pure PCR product in a maximum
volume of 14 pl in a 0.2 ml thin-wall 8-tube strip with caps
for regular thermal cycler (PCR machine).

If the volume is smaller, adjust to 14 ul with PCR-grade
water from the kit.

9. Preparation of the mTRANS DNA mix probes.

(a) Mix 333 ng of mMTRANS probe 1, 333 ng of mTRANS
probe 6, and 333 ng of mMTRANS probe 11 (equimolar
amounts of the three probes) for a final amount of 1 pg of
DNA mix, in maximum volume of 14 ul in a 0.2 ml thin-
wall 8-tube strip with caps for regular thermal cycler (PCR
machine).

If the volume is smaller adjust to 14 pl with PCR-grade
water from the kit.

The following steps are identical for mREP and
mMTRANS fluorescence labeling.

10. Gently mix 14 pl of template DNA with 2 ul of 10x NT labeling
buffer on ice.

11. Add 2 pl of Atto488 or Atto550 NT labeling mix.
12. Add 2 ul of 10x Enzyme mix.
13. Ensure sample homogeneity by gently mixing.

14. Incubate the mix at 15 °C for 90 min, for example in a regular
thermal cycler, in the dark.

15. Add 5 pl of NT Kit Stop buffer to stop the reaction.

16. Transfer the reaction mixture in 1.5 ml Eppendorf tube.
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. Add 2 pl of 3 M pH 5.2 sodium acetate.
Add 14 pl of ultrapure cold isopropanol.
Gently mix the sample.

Incubate at —20 °C for 15 min in the dark.
Centrifuge at 16,100 x g at 4 °C for 30 min.
Discard the supernatant.

Add 500 pl of 70% ethanol.

Centrifuge at 16,100 x g at 4 °C for 5 min.
Discard the supernatant.

Add 500 pl of 70% Ethanol.

Centrifuge at 16,100 x g at 4 °C for 5 min.
Discard the supernatant.

Resuspend the fluorescence-labeled DNA probe in 50 pl of
ultrapure water to get a final concentration of 20 ng/pl.

Store the labeled DNA probe at =20 °C in the dark.

Prehybridization of the DNA Probe

To reduce bench timing, the steps in this section can be done in parallel

with

the steps of Subheading 3.4.

AQ2

1.

Choice 1: ONE probe, preparation of the reaction mixture (in a
1.5 ml tube):

If only one probe (e.g., mREP or mTRANS) is used, the reaction
mix is done in a final volume of 25 pl per coverslip. Gently mix
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2 pl of 20 ng/ul of fluorescent DNA probe (40 ng DNA probe are
used per coverslip at a final concentration of 1.6 ng/ul) with 4 ul of
100 ng/ul salmon sperm DNA (400 ng of salmon sperm DNA are
used for 40 ng of DNA probe, and per coverslip) and 19 pl of
hybridization buffer.

. Choice 2: TWO probes, preparation of the reaction mixture (in a

1.5 ml tube):

If two probes (mMREP and mTRANS) are used, the reaction mix is
done in a final volume 25 pl per coverslip. Gently mix 2 pl of

20 ng/pl fluorescent mREP probe (40 ng of DNA probe are used
per coverslip; final concentration 1.6 ng/ul) and 2 pl of 20 ng/ul
fluorescent mTRANS probe (40 ng DNA probe are used per
coverslip; final concentration 1.6 ng/ul) with 8 ul of 100 ng/ul of
salmon sperm DNA (800 ng of salmon sperm DNA are used for 2%
40 ng of DNA probes and per cove slip) and 13 ul of hybridization
buffer.

. Denaturation: incubate the reaction mixture at 80 °C for 10 min in

the dark.

. Precooling step: transfer the denatured reaction mixture containing

tube at 37 °C for at least 30 min in the dark. This time can be
extended to a maximum of 1 h at 37 °C in the dark. This step helps
lowering unspecific binding of salmon sperm DNA versus specific
binding of DNA probes. Keep denatured reaction mixture under
these conditions until the end of Subheading 3.4.

Preparation of Cells on Coverslip

. Culture cells under appropriate culture conditions in (6-wells or

12-wells) culture plates containing a clean coverslip at the bottom
of each well. Ideally cells should be grown at about 50-60%
confluence to avoid plans with packed cell during microscope
analysis.

If mTRIP is coupled to MitoTracker labeling, incubate live cells
with MitoTracker® (e.g., MitoTracker® Deep Red) for 1 h in
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appropriate culture conditions (see Note 9).
2. Discard the culture medium.
3. Wash cells once with 1x PBS.
4. Add 2% PFA at room temperature.
5. Incubate for 20 min at room temperature.
6. Discard PFA.

7. Wash 2x with 1x PBS. At this step, PFA-fixed cells can be stored
in 1x PBS for several weeks at 4 °C.

8. Discard PBS from the coverslip.

9. Permeabilize cells with 0.5% Triton X-100 in 1x PBS for 5 min at
4 °C.

10. Discard the Triton X-100.
11. Wash 4x with 1x PBS.

OPTIONAL: if required, at this step permeabilized cells can
be incubated with specific nucleases for the time
recommended by the manufacturer (generally 1 h at 37 °C).
After incubation, wash 4x with 1x PBS (see Note 10).

12. Discard PBS.

13. Pretreat the permeabilized cells by adding pretreatment buffer
(50% formamide—2x SSC in 1x PBS).

14. Incubate at room temperature for 30 min.
15. Discard the pretreatment buffer.
16. Add 70% formamide—2x SSC in 1x PBS.

17. Put the 6-well culture plate (with, at the bottom of each well, a
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coverslip with pretreated permeabilized cells) on the top of a
metal block heater at 75 °C for 5 min to denature the sample.

18. Immediately transfer the 6-well culture plate on ice (4 °C) and

keep on ice at least 1 min and not longer than 10 min (see Note
11).

3.5. mTRIP Hybridization

1. Put a 25 ul drop of denatured and precooled reaction mixture
which contains DNA probe(s) on an appropriate surface of
Parafilm (at least 3.6 x 3.6 cm for 18 mm diameter coverslip). For
multiple labeling, use a single surface of Parafilm with enough
room for multiple and well separated drops.

2. Put the coverslip upside down, with the face containing cells
(samples previously undergone denaturation) directly on the drop.

3. Incubate at 37 °C for 15 h either at the top of a heating metal block

in the dark (cover with plastic top to set dark) or on a humid
chamber at 37 °C in the dark.

3.6. mTRIP Washing

1. After 15 h incubation, remove the coverslip from Parafilm and put
it back into a clean cell culture plate (6-well plate).

The following steps must be performed in the dark:

2. Wash 2x with 2x SSC in 1x PBS for 2 min at room temperature
(RT) with gentle shaking.

3. Wash 2x with 1x SSC in 1x PBS for 2 min at RT with gentle
shaking.

4. Wash 2x with 0.1x SSC in 1x PBS for 2 min at RT with gentle
shaking.

5. Wash 2x with 1x PBS for 2 min at RT with gentle shaking.
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At this point, either label the sample by immunofluorescence, and
in this case go to Subheading 3.7 (mTRIP coupled to
immunofluorescence) or do not label the sample by
immunofluorescence (this is also the case for MitoTracker
labeling), and in this case:

6. Incubate the coverslip for 1 h in the dark with 10 ug/ml Hoechst
33342 in 1x PBS.

7. Wash 5x with 1x PBS.

8. Mount the coverslip on a clean and dry glass slide using the
favorite mounting buffer or a drop of 50% glycerol in 1x PBS.

9. Seal the slide with varnish and keep the mounted slide in a dark
and clean box either at room temperature if confocal analysis is
done the done the same day, or at 4 °C until confocal analysis is
done (it is recommended to analyze the slide not later than 2 weeks
from labeling).

3.7. mTRIP Coupled to Immunofluorescence

Follow the immunofluorescence (IF) protocol suggested below, (see Note
12).

1. Incubate the coverslip with 5% BSA in 1x PBS at RT for 1 h in the
dark.

2. Wash 2x in 1x PBS for 2 min at RT with gentle shaking.

3. Dilute the primary antibody (anti-TOMM22 (1:200), recommended
for assessing the mitochondrial network) in 1% BSA and 1x PBS.

4. Put a 50 pl drop of diluted primary antibody mix on an appropriate
surface of Parafilm.

5. Put the coverslip upside down, with the face containing cells
directly on the drop.
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6. Incubate at RT for 1 h in the dark. The incubation time depends on
the primary antibody.

7. Wash 3x in 1x PBS for 2 min at RT with gentle shaking.

8. Dilute secondary antibody (1:1000) in 1% BSA and 1x PBS, and
add 10 pg/ml of Hoechst 33342.

9. Put a 50 pul drop of diluted secondary antibody mix on an
appropriate surface of Parafilm.

10. Put the coverslip upside down, with the face containing cells
directly on the drop.

11. Incubate at RT for 1 h in the dark.
12. Wash 5x in 1x PBS for 2 min at RT with gentle shaking.

13. Mount the coverslip on a clean and dry slide using the favorite
mounting buffer or a drop of 50% glycerol in 1x PBS.

14. Seal the slide with varnish and keep the mounted slide in a dark
and clean box either at room temperature if confocal analysis is
done the same day, or at 4 °C until confocal analysis is done (it is
recommended to analyze the slide not later than 2 weeks from
labeling).

3.8. Imaging Acquisition and Fluorescence Intensity
Quantification

1. Acquisition for subsequent quantification is done with confocal
microscope (see Note 13).

2. One can do either two-dimensional (2D) or three-dimensional (3D)
acquisition. In the last case 3D reconstruction of the image should
follow 3D acquisition.

3. With image format (.tiff) of the acquired image, one can quantify
the fluorescence intensity perper cell using the Image J software.
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A 3D-reconstructed human cell stained by mTRIP is shown in Fig.
3 (panels b, c, f, g). The mTRIP procedure is covered by a patent
application for commercial use (Note 14), which also includes
tissues sections (Note 15).

4. Notes
AQ3

1.

Wizard® SV Gel, PCR clean-Up system (Promega), and
NucleoSpin® Extract II (Macherey-Nagel) worked well in our
hands.

. Labeling of DNA probes with other techniques than Nick

Translation has not been tested. We do not exclude that other DNA
probes labeling techniques are compatible with mTRIP.

. It 1s strongly recommended to prepare the hybridization buffer

several days (at least 2 days) before the experiment as dextran
sulfate takes a long time to dissolve.

. Alternative blocking buffers can also be used.

. Unconjugated rabbit polyclonal anti-TOMM?22 is used to

illuminate the mitochondrial network. However, you can use other
primary antibodies for detecting the mitochondrial network, or
other cellular structures or proteins of interest.

. The choice of the secondary antibody-conjugated fluorescence

depends on the available spectra after exclusion of the
fluorophore(s) used for DNA probes (mTRIP). All combinations
compatible with available fluorophores and the equipment
(fluorescence filters) of your microscope can be used.

. Cancer and immortalized cell lines may have mutated and highly

heteroplasmic mitochondrial genomes.

. The fluorescence color of the DNA probes can be different from

the ones used here, and for this, appropriate fluorophores must be
selected.
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9. In this case, use mREP-Atto550 and mTRANS-Atto-488 for
mTRIP labeling, and Hoechst.

10. Treatment with DNasel (recommended 100 U/ml) or RNaseA
(recommended 100 pg/ml) allows identification of the DNA and
RNA components of the mTRIP signal. Treatment with RNaseH
(recommended 100 U/ml) allows identification of RNA/DNA
structures, usually at replication origins and in transcription
bubbles. For combined use of nucleases and the respective
readouts on mitochondrial nucleic acids by mTRIP, see Ref. 15.

11. Do not keep denatured samples at room temperature, as this
condition will interfere with the hybridization step. Keep the
samples always on ice until hybridization.

12. The favorite IF procedure, if different form the one described
here, can alternatively be performed.

13. Reliable quantification requires fluorescence measurement of the
cell volume. Cell surface (2D-acquisition) can also be acquired
instead of cell volume, but the corresponding quantification will
not measure the total cell fluorescence.

14. mTRIP tool is covered by patent applications: EP2500436 and
W02012123588 “Method, probe and kit for DNA in situ
hybridization and use thereof.”

15. mTRIP can be used with paraformaldehyde-fixed human cells and
paraffin-embedded human tissue sections (method not described
here).
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