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SUMMARY

Somatic cells can be reprogrammed into induced pluripotent stem cells (iPSCs)
by defined factors. Here, we describe a protocol for imaging mitochondrial
permeability transition pore (mPTP) opening in reprogramming of somatic cells
using a confocal microscope. We also describe a method to sort high and low
mPTP opening somatic cells by calcein fluorescence and reprogram these sorted
cells to iPSCs. These protocols are also suitable for imaging mPTP opening and
uncovering the mechanisms of mPTP function in other cell fate conversions.

For complete details on the use and execution of this protocol, please refer to
Ying et al. (2018).

BEFORE YOU BEGIN

Prepare medium
® Timing: [20-30 min]

1. Prepare fibroblast medium and mouse embryonic stem cells (mES) medium.

Fibroblast medium

Reagent Final concentration Amount
DMEM n/a 500 mL
FBS (Industria Argentina, NTC-HK008) 10% 56 mL
GlutaMAX 1% 5.6mL
NEAA 1% 5.6 mL
Total n/a 567.2 mL
1)
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Mouse embryonic stem cells (mES) medium

Reagent Final concentration Amount
DMEM n/a 500 mL
FBS (Gibco, 10099-141) 15% 93 mL
GlutaMAX 1% 6.2 mlL
NEAA 1% 6.2mlL
sodium pyruvate 1% 6.2 mL
2-mercaptoethanol 0.18% 1127 uL
penicillin/streptomycin 0.5% 3.1 mL
mouse LIF 10 ng/mL 83 uL
Total n/a 615.91 mL

Note: Fibroblast medium should be stored at 4°C and used within one month. The mES me-

dium contains LIF, so it should be stored at 4°C and used within two weeks.
Prepare buffer and solution

O® Timing: [2-3 h]
2. Prepare Modified HBSS Buffer and Polyethylenimine (PEI) solution.

Modified HBSS buffer

Modified HBSS is purchased from ThermoFisher (Thermo Fisher Scientific, 14175095).

Note: Compare with HBSS, it has glucose without calcium, magnesium and phenol red.

PEI solution (1 mg/mL)

Add 100 mg PEI (Polysciences, 23966) to 100 mL ddH,0O.

. Heat the solution to 65°C-70°C for 5 min.

Add 1 M HCl to adjust pH to neutral (6.8-7.2).

. Sterilize the solution using Millipore’s 0.22 pm Steriflip filter.

o 00 oo

thawing. After thawing, it can be stored at 4°C for 3-4 weeks.

Note: ddH,0 is 18.2 Q MilliQ sterilized H,0.

A CRITICAL: The pH of solution needs to be adjust to neutral (6.8-7.2) or it will affect the

transfection efficiency.
Prepare cells
O® Timing: [5-7 days]

3. Prepare Plat-E cells, Mouse embryonic fibroblasts and reprogramming cells.

a. Plat-E cells were cultured in fibroblast medium and used to package the retroviruses.

. Prepare 100 x 1 mL aliquots and store them at —20°C until use. Avoid repeated freezing and

b. Mouse embryonic fibroblasts (MEFs) were derived from 13.5-day mouse embryos carrying a
transgenic Oct4 promoter driving GFP expression and cultured in fibroblast medium. Before
MEFs successfully reprogram into induced pluripotent stem cells (iPSCs), the GFP will not ex-

press. In our reprogramming system the iPSCs appeared at least at day 15. In our analysis, the

reprogrammed cells were all at early stage of reprogramming process and had no GFP expres-

sion. MEFs were used at passage 2.
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Table 1. Reagent volumes

Culture vessel Plasmids PEI (1 mg/mL) Optimized medium
100-mm dish 10 pg/dish 40 plL 1000 pl

c. Prepare reprogramming cells. After medium was removed, MEFs were infected with retrovi-
ruses. After 24 h the retroviruses were removed and added new retroviruses for another
24 h and the cells were cultured in mES medium after viral supernatants were removed. The
day that viral supernatants were removed was defined as day 0. mPTP opening was detected
by using the calcein release assay at days 0, 3, 5 and 8.

Prepare viruses
O® Timing: [2-3 days]

4. Retroviruses plasmid transfection.

Retroviruses were packaged by transfection of Plat-E cells with pMXs retroviral vectors containing the

coding sequences of mouse Sox2, Kif4, Oct4 and c-Myc (SKOM, Yamanaka's factors). The plasmids

vectors were transfected by using polyethyleneimine (PEl) -mediated transfection. This process needs

12-13 h.

a. The Plat-E cells were incubated at 40% density to 100-mm dish 24 h before transfection.

b. Before transfection, replace the fibroblast medium with 10 mL fresh medium.

c. Prepare DNA-PEI complex:
Plasmids vectors were diluted into Optimized Medium (Gibco, 31985-070), mixed well, incu-
bated at around 25°C for 5 min. PEIl was added into the Optimized Medium containing plas-
mids, mixed well, incubated at around 25°C for 8-15 min. The reagent volumes are shown in
Table 1.

d. Drop the Optimized Medium with DNA: PEl complex to the cells, and shake the dish gently to
make the complex distribute evenly.

A CRITICAL: Adding DNA: PEI complex to the cells needs to be done slowly and drop by
drop to make the complex distribute evenly. If the distribution of the complex is not
even, the transfection efficiency will be seriously affected.

e. Replace fibroblast medium with 10 mL fresh medium at 12 h after plasmid transfection.

5. Retroviruses collection. This process needs two days.
a. Viral supernatants are collected at 48 h after plasmid transfection. Add fresh fibroblast me-
dium and collect viral supernatants 24 h later. Mix these viral supernatants.
b. Filter the viral supernatants with 0.45 pm Steriflip filter.

00 Pause point: Viral supernatants can be stored up to 7 days at 4°C.

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Chemicals, peptides, and recombinant proteins

Hoechst 33342 Thermo Fisher Cat# H3570
Bovine Serum Albumin (BSA) Sigma Cat#B2064-50G
Modified HBSS buffer Thermo Fisher Cat#14175095
Dulbecco’s Phosphate-buffered saline (DPBS)  Gibco Cat#14190144

(Continued on next page)
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Continued
REAGENT or RESOURCE SOURCE IDENTIFIER
DMEM-Dulbecco’s Modified HyClone Cat#SH30022-2B

Eagle’s Medium, High Glucose
Fetal bovine serum (FBS)

Industria Argentina

Cat#NTC-HK008

FBS Gibco Cat#10099-141
GlutaMAX Gibco Cat#35050-061
NEAA Gibco Cat#11140-050
Sodium Pyruvate Gibco Cat#11360-070
Mercaptoethanol Thermo Fisher Cat#21985-023,
Penicillin/streptomycin HyClone Cat#SV30010
Mouse LIF Millipore Cat#LIF2050
EmbryoMax 0.1% Gelatin Solution Sigma Cat#ES-006-B
Optimized medium Gibco Cat#31985-070
PEI Polysciences Cat#23966
Experimental models: Cell lines
OG2 mouse embryonic fibroblasts: This study N/A
CBA/CaJ x C57BL/6J
Platinum-E (Plat-E) A gift from the Fourth N/A

Military Medical

University
Critical commercial assays
Transition Pore Assay Kit Thermo Fisher Cat# 135103

Recombinant DNA

pMXs-Oct3/4
pMXs-Sox2
pMXs-Kif4
pMXs-c-Myc

Takahashi and Yamanaka, 2006
Takahashi and Yamanaka, 2006
Takahashi and Yamanaka, 2006
Takahashi and Yamanaka, 2006

)
)
)
)

Addgene Cat#13366
Addgene Cat#13367
Addgene Cat#13370
Addgene Cat#13375

Other

35-mm Dish

60-mm Dish

12-Well plate

15-mL Centrifuge tube

1.5 mL Microcentrifuge Tube
0.22-pm Sterflip filter
0.45-pum Sterflip filter

Zeiss LSM 710 confocal laser scanning
microscope

MoFlo Astrios

Sorfa Life Science
Greiner Bio-One
Greiner Bio-One
Corning

Axygen

Millipore
Millipore

Zeiss

Beckman Coulter

201100

628160

665180

430790
MCT-150-C

Cat# SLGPO33RB
Cat# SLHVR33RB

https://www.zeiss.com/microscopy/
int/software-cameras.html
http://www.beckmancoulter.cn/
Is-discovery/flow.aspx

STEP-BY-STEP METHOD DETAILS

Detecting the opening of mPTP in reprogramming cells

Prepare reprogramming cells
O® Timing: [3 days]

1. Coat 35 mm dish

Glass-bottom dishes have poor adhesion for cells. Coating dishes with gelatin (EmbryoMax 0.1%
Gelatin Solution) can enhance MEF cells adhesion. Coat 35 mm dish with 1 mL gelatin for at least

0.5 h at 37°C.

2. Split MEFs
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Remove the gelatin and plate MEFs at 40,000 cells per dish. Gently put the dish into a 37°C, 5% CO,
incubator for 24 h for cell attachment.

A CRITICAL: MEFs are likely to aggregate. Cells should be evenly distributed to facilitate
viral infection, which is important for reprogramming. MEFs are likely to aggregate in
the gelatin-coated dish, so the cells should be diluted to an appropriate amount before
plating. For 35 mm dish, appropriate number of cells was diluted to 1 mL culture medium
and mixed well. Add the cells into dish and gently rock the dish to distribute the cells.

Note: The proliferation rate of MEFs varies among different batches of mouse. We need to
prepare 160,000 MEFs to repeat this experiment with appropriate cell confluence. The
30%-40% confluence of the initial cells will be hard for us to image at day 8 because of the
rapid emergence of clones (Figure 1). So we need to prepare appropriate cell number in
each dish and don't plate more than 40,000 cells per dish.

3. Infect MEFs with SKOM retroviruses

Remove the medium and add 2.5 mL SKOM viral supernatants to dish with 24 h incubation and infect
two rounds (24 h each round).

Calcein release assay
® Timing: [30-45 min]

This assay employs calcein-AM, a colorless and nonfluorescent esterase substrate, and CoCl,, a
quencher of calcein fluorescence, to selectively label mitochondria. Cells are loaded with the acetox-
ymethyl ester of calcein dye, calcein-AM, which passively diffuses into the cells and accumulates in
cytosolic compartments, including the mitochondria. Once inside cells, intracellular esterases cleave
the acetoxymethyl esters to liberate the very polar fluorescent dye calcein, which does not cross the
mitochondrial or plasma membranes in appreciable amounts over relatively short periods of time.
The fluorescence from cytosolic calcein is quenched by the addition of CoCls, while the fluorescence
from the mitochondrial calcein is maintained. When mPTP is open, more CoCl, will go into mito-
chondria and quench calcein. The calcein fluorescence intensity indicates the opening of mPTP.

4. Wash cells twice with modified HBSS buffer.
5. Incubate cells in 1 mL labeling solution for 15 min protected from light at 37°C.

Note: Labeling solution must be used immediately

6. After incubation, cells were washed with 1 mL warm modified HBSS buffer for once to remove re-
sidual dye and minimize background.

Note: Calcein release assay was carried out according to manufacturer’s instructions (https://
www.thermofisher.com/document-connect/document-connect.html?url=https%3A%2F%2F
assets.thermofisher.com%2FTFS-Assets%2FLSG%2Fmanuals%2Fmp35103.pdf&title=SW1
hZ2UtaVQgTEIWRSBNaXRvY2hvbmRyaWFsIFRyYW5zaXRpb24gUG9yZSBBc3NheSB
LaXQ=) in Transition Pore Assay Kit. The hoechst and CoCl;, were stock solution in the Kit, we
need to prepare the stock solution of calcein-AM (1 mM) with DMSO. Prepare labeling solu-
tion with these stock solutions and label cells for imaging as described at step 5.
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Figure 1. Calcein release assay

(A) The morphological change occurs during reprogramming. The amount of cells is appropriate (Day 8-a) compared
with too many ones, which form clones (Day 8-b). Scale bar corresponds to 100 um.

(B) Opening of mPTP was analyzed at days 0, 3, 5, and 8 during reprogramming. Scale bar corresponds to 20 pm.

Confocal imaging
O® Timing: [2 h/day]

7. Image cells with Zeiss LSM710 (Calcein: Ex 488 and Emi 509; DAPI: Ex 405 and Emi 420) and find
the reprogramming cells.

a. Atday 0, the reprogramming just begin and we can’t select which cell will undergo reprogram-
ming, so we image the cells at random.

b. The cells will go through MET (mesenchymal - epithelial transition) during reprogramming (Li
et al., 2010) and we found the cells begin undergoing epithelial-like morphological change
from elongated cells to rounded cells at day 3 in our system (Ying et al., 2016 and Figure 1A).
So image the morphology changed cells which are reprogramming cells at days 3, 5 and 8 dur-
ing reprogramming process as shown in Figure 1A.

6 STAR Protocols 2, 100568, June 18, 2021
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Labeling solution

Reagent Final concentration Amount
modified HBSS buffer n/a 997 L
calcein-AM 1uM 1L
CoCl, 1mM 1pul
Hoechst 1uM 1puL
Total n/a 1mL

c. Prepare four dishes and the mPTP opening analysis was carried out at days 0, 3, 5 and 8 during
reprogramming as shown in Figure 1B.

Note: In our system, the day that viral supernatants were removed was defined as day 0.

Alternatives: Most confocal microscopes can image mPTP opening, such as Zeiss LSM 880 or
Leica DMIREZ2 inverted microscope.

Sorting high and low mPTP opening cells

Cu

[ture MEFs

® Timing: [2-3 days]

8. After quickly thawing MEFs in a 37°C water bath, immediately transfer the thawed cell into a
15 mL tube containing 5 mL of fibroblast medium.

9. Centrifuge the tube for 5 min at 200 g.

10. Discard the supernatant and transfer the cell to a 10 cm dish with 10 mL fibroblast medium and
go to the next step at 2-3 days till the number of cells reach to 3-6 million (the confluence rea-
ches to 60%-80%).

Stain MEFs

® Timing: [45-60 min]

11. Use 1 mL DPBS to wash cells once and add 1 mL 0.25% Trypsin-EDTA at 37°C for 2 min.

12. Add 1 mL fibroblast medium, suspend MEFs and centrifuge for 5 min at 200 g.

13. Suspend MEFs with modified HBSS buffer (Negative control, NC) or labeling solution without
hoechst (modified HBSS buffer with 1 pM calcein and 1 mM CoCl,) at a final concentration of
1 % 10° cells/mL and incubate for 15 min protected from light at 37°C. The negative control
is used to set up the MoFlo Astrios instrument with appropriate photomultiplier tubes (PMT)
voltages refer to the guidelines for the use of flow cytometry (Cossarizza et al., 2019).

14. Afterincubation, labeled cells were washed with 1 mL modified HBSS buffer and centrifuged for

5 min at 200 g and washed for twice to remove residual dye and minimize fluorescent back-
ground.

Sort the high and low mPTP opening cells

15.

O® Timing: [2-4 h]

Resuspend MEFs to 2% BSA in DPBS buffer and sort the mPTP opening cells according to calcein
fluorescence intensity. Before sorting, we need to prepare the tubes with medium to collect the
sorted cells. We also need to prepare the gelatin-coated 12-well plate for cell attachment after
the sorting.

A CRITICAL: The 12-well plate must be coated with gelatin otherwise many cells will die.

¢? CellPress
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16. Set the sorting parameters of flow cytometry with 488 nm excitation. We first gate the appro-
priate cells with signal cells and without debris (gate R1 and R2) and go to G2. And then in
G2 we gate the low (R3) and high (R4) calcein fluorescence intensity cells (mean fluorescence in-
tensity of high is about 10 times more than that of low) (Figure 2).

17. Sort the cells with low and high calcein fluorescence intensity indicating high and low mPTP
opening, respectively.

Perform the reprogramming
O® Timing: [18 days]

18. Plate high and low mPTP opening cells to 12-well plate and incubate for 12 h for cell attachment.

19. Infect the cells with SKOM retroviruses as described previous (In Prepare Viruses section and
Prepare Cells section of Reprogramming cells)

20. Count the efficiency of reprogramming at day 15. The reprogramming efficiency was deter-
mined by counting GFP-positive iPSC colonies.

EXPECTED OUTCOMES

Mitochondrial permeability transition pore (mPTP) is permeable to any molecule of <1.5 kDa in size.
Its prolonged opening results in cell death. Transient mPTP opening has physiological roles unre-
lated to death stimuli, such as Ca®" release and redox equilibrium (Rasola and Bernardi, 2007).
Here we image the transient opening of mPTP during reprogramming which may play a physiolog-
ical role in reprogramming. If we find the changes of mPTP status in reprogramming, it may indicate
that mPTP has physiological function in the conversion of somatic cells into pluripotent ones.

Following this protocol, we developed a method for analysis of mPTP opening during reprogram-
ming and another method of sorting the high and low mPTP opening cells for reprogramming.
Too many the initial cells will result in formation of clones at day 8 during reprogramming (Figure 1A).
With appropriate cells, the result showed that opening of the mPTP increased at day 3, then
decreased at day 5 and maintained at that level at day 8 (Figure 1B). The MEFs could be sorted
by low and high mPTP opening through flow cytometry with the calcein fluorescence intensity (Fig-
ure 2). In other cells fate conversion, these protocols are also suitable. With these methods we could
analyze the status of mPTP at different stage of cells fate conversion and uncover the mechanisms of
mPTP function.

LIMITATIONS

Our protocol is designed for reprogramming cells. In our system, we need to select the reprogram-
ming cells and these cells are easy to form clones during the reprogramming, which need to be taken
into consideration for mPTP opening analysis. We don’t think in other cell lines or primary cells will
have these problems, and you don’t need to follow our protocol completely. The manufacturer’s in-
structions (https://www.thermofisher.com/document-connect/document-connect.html?url=https%
3A%2F%2Fassets.thermofisher.com%2FTFS-Assets%2FLSG%2F

manuals%2Fmp35103.pdf&title=SW1hZ2UtaVQgTEIWRSBNaXRvY2hvbmRyaWFsIFRyYW5-
zaXRpb24gUG9yZSBBc3NheSBLaXQ=) in Transition Pore Assay Kit is enough for analysis.

In our protocol, the MEFs were derived from 13.5-day mouse embryos carrying a transgenic Oct4
promoter driving GFP expression. If there is no access to this mice, Alkaline phosphatase (AP) stain-
ing of cells or FACS analysis of SSEA1-positive cells at day 15 of reprogramming are also the ways to
indicate the efficiency of reprogramming. Alkaline phosphatase staining could be performed with
NBT/BCIP (Roche, 11697471001). The cell surface marker SSEA1 can also be used to detect the re-
programming cells. Cells were incubated with anti-mouse SSEA1 PE (eBioscience, 50-8813-41) and

8 STAR Protocols 2, 100568, June 18, 2021
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Figure 2. The sorting parameters of flow cytometry
We first gate the appropriate cells with signal cells and without debris (gate R1 and R2) and go to G2. And then in G2
we gate the low (R3) and high (R4) calcein fluorescence intensity cells.

analyzed on a FACS Aria (BD Biosciences). These two methods can indicate the efficiency of reprog-
ramming, however not all of AP and SSEA1 positive cells can be converted into induced pluripotent
stem cells (iPSCs).

Hu and colleagues have used both above-mentioned methods to uncover certain mechanisms for
reprogramming (Hu et al., 2014). However, it is important to note that Oct4-GFP fluorescence is
easy, accurate and stable for detecting the efficiency of reprogramming.

TROUBLESHOOTING

Problem 1
Mesenchymal-to-epithelial transition doesn’t appear at day3 during reprogramming (step 7)

Potential solution

There are two reasons about this problem. 1) The infection efficiency of SKOM retroviruses is low and
the reprogramming failed; 2) The dish is coated with too little gelatin or the coating time is not
enough, which result in poor adhesion of cells. We need to improve the infection efficiency of retro-
viruses and increase the amount of gelatin and the coating time.

Problem 2
The calcein fluorescence intensity is low or hard to detect (steps 4-7 and 10-14)

Potential solution
Stock solution of calcein-AM (1 mM) may be expired. The stock solution should not be stored at

—4°C for more than 2 weeks.

STAR Protocols 2, 100568, June 18, 2021 9
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Problem 3
The calcein fluorescence diffuses in cells other than mitochondria or there is calcein fluorescence in
cytosolic area (steps 4-7)

Potential solution
The CoCl; may not be enough to quench cytosolic fluorescence. We need to increase the amount of
COClz.

Problem 4
Cell aggregation occurs when cells were added into dish (step 2).

Potential solution
Add the cells directly into dish without dilution will cause cell aggregation. We need to dilute the
cells to 1 mL medium, mix well, add the cells into the dish, and then shake them gently.

Problem 5
The sorted cells have low survival rates (steps 12-14)

Potential solution
Suspend MEFs to 2% FBS (Industria Argentina, NTC-HK008) instead of BSA in DPBS buffer before
sorting the high and low mPTP opening cells.

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-
filled by the lead contact, Xingguo Liu (liu_xingguo@gibh.ac.cn).

Materials availability
This study did not generate new unique reagents.

Data and code availability
This study did not generate/analyze new datasets/code.
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