
One-step TUNEL FITC Apoptosis Detection Kit

Introduce

The One-step TUNEL FITC Apoptosis Detection Kit can be used to detect breaks in nuclear 

DNA in tissues or cells during apoptosis. Intracellular DNA endonucleases are activated during 

apoptosis, cutting off genomic DNA between nucleosomes, and DNA degrades into 180 - 200 bp or 

other integer multiple fragments. The 3 ́-OH terminal produced by the genomic DNA break is added 

to the end with the labeled dUTP at its end under the action of terminal Deoxynucleotidyl 

Transferase (TdT), This allows detection under a fluorescence microscope or flow cytometry 

(Ex/Em=429nm/517nm). 

This kit can be used in a wide range of applications to detect apoptosis in frozen or paraffin 

sections, as well as to detect apoptosis of cultured adherent or suspension cells. 

Materials/Composition

Component 20 rxns 50 rxns 100 rxns

5 × Equilibration Buffer 1 ml 2 × 1 ml 4 × 1 ml

FITC-12-dUTP Labeling Mix 100 μl 250 μl 2 × 250 μl

TdT Enzyme 20 μl 50 μl 2 × 50 μl

Proteinase K (2 mg/ml) 40 μl 100 μl 2 × 100 μl

DNase I (2 U/μl) 5 μl 13 μl 25 μl

10 × DNase I Buffer 100 μl 260 μl 500 μl

Store conditions

Place product at -20 °C for storage ; Among them, FITC-12-dUTP Labeling 

Mix, stored at -20 °C 

protected from light. 

Scope of application

Apoptosis detection of paraffin sections, frozen sections, adherents, and suspension cultured cells
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Scope of application

Apoptosis detection of paraffin sections, frozen sections, adherents, and suspension cultured cells



 Materials Not Supplied

Reagents: 4% paraformaldehyde, DAPI/PI, Triton X-100, PBS, xylene (paraffin section), absolute 

ethanol (paraffin section), ddH2O, Sealing solution containing anti-fluorescent quenching agent 

(recommended). 

Other materials: cell crawling/slides, wet cassettes.

Experimental protocol

NO.1: Experimental procedure of tissue sectioning/adherent cells

Paraffin-embedded tissue sections

1. Sample pretreatment

1.1 Immerse the slices in xylene dewaxing 2 times (5- 10min/per time) at room temperature 

to completely remove the paraffin. (Xylene is toxic and volatile, so the operation should 

be in a separate laboratory or fume hood.) 

1.2 Immerse the slices in absolute ethanol, soaking and rinsing twice for 5 min each at room 

temperature. 

1.3 Immerse the slices in 90%, 80%, and 70% ethanol for 3 min each at room temperature. 

1.4 Soak and wash the slides with 1× PBS and carefully drain excess liquid around the 

sample on the slides with filter paper.

1.5 Dilute Proteinase K solution at a concentration of 2 mg/ml with 1× PBS at a ratio of 

1:100 to a final concentration of 20 μg/ml. Add 100 μl of diluted Proteinase K solution 

dropwise to each sample to cover the entire sample area and incubate for 20 min at room 

temperature.

Note: Reaction time may vary from tissue or species to species. Too long permeability 

time for Proteinase K may cause tissue sections to fall off the slide in subsequent steps, 

which is too short and causes insufficient permeability treatment and affects labeling 

efficiency. It is recommended to perform a pre-experiment to determine the reaction time. 

1.6 Soak and wash the samples 3 times with 1×PBS solution for 5 min each. Gently remove 

excess liquid and carefully drain the liquid around the sample on the slide with filter 

paper. The treated sample is kept moist in a wet box.

Note: This step must be done by cleaning the proteinase K, otherwise it will seriously 
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interfere with the subsequent labeling reaction. 

2. (Optional step).  Positive control-DNase I treatment (Only positive controls perform this 

step, other samples go directly to step 3. Marking and detection).

2.1 Dilute 10× DNase I Buffer to 1× DNase I Buffer for backup with ddH2O at a ratio of 

1:10.

2.2 Add 100 μl of 1× DNase I Buffer dropwise onto the permeable sample and equilibrate at 

room temperature for 5 min.

2.3 Dilute DNase I (2 000 U/ml) with 1×DNase I Buffer to a final concentration of 20 U/ml. 

2.4 Gently aspirate the excess liquid, add 100 μl of each sample dropwise to the 20 U/ml 

DNase I and incubate at room temperature for 10 min. 

2.5 Gently aspirate the excess liquid and thoroughly soak and rinse the tissue sections in a 

staining vat containing 1×PBS for 2-3 times. 

Note: Positive control slides must use a separate staining jar. Residual DNase I on positive 

control slides may create false positive false signals in the experimental group.

3. Marking and detection

3.1 Dilute 5 × Equilibration Buffer to 1 × Equilibration Buffer with ddH2O at a ratio of 1:5. 

3.2 Each sample is drizzled with 100 μl of the × Equilibration Buffer to cover all areas of the 

sample to be examined, equilibrated at room temperature for 10 – 30 min. 

3.3 During equilibration, the labeling fluid is prepared according to the following table under 

light-protected conditions.

Component Negative control Positive control/sample

ddH2O 35 μl 34 μl

5 × Equilibration Buffer 10 μl 10 μl

FITC-12-dUTP Labeling Mix 5 μl 5 μl

TdT Enzyme 0 μl 1 μl

3.4 After equilibration is complete, aspirate the 1 × Equilibration Buffer with absorbent 
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5 × Equilibratttttttttioioioioioioioioioionn n nn nnn n n Buffer 10 μl 10 μμμμμμμμμμμμl

FITC-12222222222----dUdUdUdUdUdUdUdUddUUdUdddUdddUd TPTPTPTPTPTPTPTPTPTPTPTTTTTTT LLLLLLLLLLLLLL babbeling Mix 5 μl 5555555555 μμμμμμμμμμμμμllllllllllllll

TdTdTdTdTdTdTdTddTdTdTT T Enzyme 0 μl 1 μl

3.4 After equilibration is complete, aspirate the 1 × Equilibration Buffer with absorbent 



paper, then add 50 μl of labeled reaction solution to the sample dropwise, taking care to 

avoid light. 

Note: Labeled liquid volume: For reactions with an area less than 5 cm2, the required 

volume is 50 μl, multiply 50 μl by the number of experimental and positive control 

reactions to determine the total volume of TdT labeled reaction solution required. For 

samples with a larger surface area, the reagent volume can be increased proportionally. 

3.5 Place a paper towel soaked in water on the bottom of the black wet box protected from 

light. Place the slides inside a wet cassette and incubate at 37 °C for 60 min. 

3.6 Gently remove excess liquid and wash 2 times with fresh 1 × PBS solution for 5 min 

each room temperature.

Note: If the background is too high, to reduce the background, the sample can be washed 

3 times with PBS containing 0.1% Triton X-100 and 5 mg/ml BSA for 5 min after 

washing with 1 × PBS, which can clear the free unreacted markers. 

3.7 Gently wipe off the 1× PBS solution around and on the back of the sample with filter 

paper.

3.8 The samples were counterstained in the dark with a 1 μg/ml PI solution freshly prepared 

with 1 × PBS or a DAPI solution freshly prepared with 1 × PBS at a concentration of 

2μg/ml, leaving the stain at room temperature for 5 min.

3.9 Wash the samples and immerse the slides in 1 × PBS solution 3 times for 5 min each 

room temperature.

3.10 Gently aspirate excess liquid and add an appropriate amount of anti-fluorescence 

quenching agent to the sample area to keep the sample moist and seal. 

3.11 Analyze the sample immediately under a fluorescence microscope and observe the green 

fluorescence at 520 ± 20 nm fluorescence; Observe the red fluorescence of the PI 

at >620nm, or the blue fluorescence of DAPI at 460 nm.
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4.1 Place the frozen slices on a long rack and dry at room temperature for 20 min.
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4.1 Place the frozen slices on a long rack and dry at room temperature for 20 min.



4.2 Immerse the slides in 4% paraformaldehyde solution (dissolved in 1×PBS) and fix at 

room temperature for 30 min.

4.3 Gently remove excess liquid and carefully drain the liquid around the sample on the slide 

with filter paper.

4.4 Immerse the slides in 1× PBS solution and wash twice for 5 min each.

4.5 Gently remove excess liquid and carefully drain the liquid around the sample on the slide 

with filter paper.

4.6 Prepare Triton X-100 solution with 1×PBS at a concentration of 0.2%. Add 100 μl of 

TritonX-100 solution dropwise to each sample to cover the entire sample area and 

incubate at room temperature for 15 min. If the permeability effect is not good, dilute 

Proteinase K solution with 1× PBS at a concentration of 2 mg/ml at a final concentration 

of 20 μg/ml at a ratio of 1:100. Add 100 μl of diluted Proteinase K solution dropwise to 

each sample so that the solution covers the entire sample area and incubate for 10 min at 

room temperature.

Note: Permeability time is too long to increase the risk of tissue sections falling off the 

slide during subsequent wash steps, and too short may result in inadequate permeation 

treatment, affecting labeling efficiency. For best results, incubation times may need to be 

optimized. 

4.7 Wash the samples 2-3 times with 1× PBS solution for 5 min each. Gently remove excess 

liquid and carefully drain the liquid around the sample on the slide with filter paper. The 

treated sample is kept moist in a wet box.

5. (Optional step) Positive control-DNase I treatment (only positive controls perform this step, 

other samples go directly to step 6. Labeling and detection).

5.1. Dilute 10× DNase I Buffer to 1× DNase I Buffer for backup with ddH2O at a ratio of 

1:10.

5.2 Add 100 μl of 1× DNase I Buffer dropwise onto the permeable sample and equilibrate at 

room temperature for 5 min. 

5.3 Dilute DNase I (2000 U/ml) with 1× DNase I Buffer to a final concentration of 20 U/ml. 

4.2 Immerse the slides in 4% paraformaldehyde solution (dissolved in 1×PBS) and fix at 

room temperature for 30 min.
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4.5 Gently remove excess liquid and carefully drain the liquid around the sample on the slide

with filter paper.

4.6 Prepare Triton X-100 solution with 1×PBS at a concentration of 0.2%. Add 100 μl of 

TritonX-100 solution dropwise to each sample to cover the entire sample area and 

incubate at room temperature for 15 min. If the permeability effect is not good, dilute
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room temperature.

Note: Permeability time is too long to increase the risk of tissue sections falling off the 

slide during subsequent wash steps, and too short may result in inadequate permeation

treatment, affecting labeling efficiency. For best results, incubation times may need to be 

optimized. 

4.7 Wash thehhehehehehehehehehhe ssssssssssssamamamamamamamamamamamamma plplplplplplplplplpplplplp eeeeseee  2-3 times with 1× PBS solution for 5 min each. Gennennnnenenennntltltltltltlltltlltly y y y y y y y y yyy rerererererererer momomomomomomomomomommmommmmmmomomovevvvvvvvvvv  excess

lilililililililililiquququququququququququq ididddidididididididdd aaaaaaaaaaaaaa dnnndndndnnndndnn  carefully drain the liquid around the sample on the ssssssssssssssslililililililililililililililililideeeeeedededdeededededededededeededeeededee wwwwwwwwwwwitititititititititititth hhhhhhhhhhhhh ffifff lter paper. The

trtrttrtrtttttt eated sample is kept moist in a wet box.

5. (Optional step) Positive control-DNase I treatment (only positive controls perform this step, 

other samples go directly to step 6. Labeling and detection).

5.1. Dilute 10× DDDDDDDDDNaNaNaNaNaNaNaNaNaNase I Buffer to 1× DNase I Buffer for backup with ddH2O at ttttttt a a aaaaaaaa rarararararararaararaaatititititititiititititiiooooooooooooo oofofoofoofoooo  

1:100000000...

5.5..5..........2222222222222 AdAdAdAdAdAdAdAdAdAdAAdd d d d d d d dddddd 1010101010101010101010100100 0 μl of 1× DNase I Buffer dropwise onto the permeableleleleleleeleleeleeleleeele ssssssssssssssssamamamamamamamamamamamamamamamamaamplpp e and equilibrate at 

room temperature for 5 min. 

5.3 Dilute DNase I (2000 U/ml) with 1× DNase I Buffer to a final concentration of 20 U/ml. 



5.4 Gently aspirate excess liquid, add 100 μl of each sample dropwise to 20 U/ml DNase I 

working solution and incubate at room temperature for 10 min. 

5.5 Gently aspirate the excess liquid and thoroughly soak and wash the tissue sections 2-3 

times in a staining jar filled with 1×PBS. 

Note: Positive control slides must use a separate staining jar. Residual DNase I on positive 

control slides may create false positive false signals in the experimental group. 

6. Marking and detection

6.1 Dilute 5 × Equilibration Buffer to 1 × Equilibration Buffer with ddH2O at a ratio of 1:5. 

6.2 Each sample was drizzled with 100 μl of 1 × Equilibration Buffer to cover all areas of 

sample to be examined, equilibrated at room temperature for 10-30 min. 

6.3 During equilibration, the labeling fluid is prepared according to the following table under 

light-protected conditions.

Component Negative control Positive control/sample

ddH2O 35 μl 34 μl

5 × Equilibration Buffer 10 μl 10 μl

FITC-12-dUTP Labeling Mix 5 μl 5 μl

TdT Enzyme 0 μl 1 μl

6.4 After equilibration is complete, aspirate 1 × Equilibration Buffer with absorbent paper 

and then add 50 μl of labeled reaction solution to the sample dropwise , taking care to 

avoid light. 

Note: Labeled liquid volume: For reactions with an area less than 5 cm2, the required 

volume is 50 μl, multiply 50 μl by the number of experimental and positive control 

reactions to determine the total volume of TdT labeled reaction solution required. For 

samples with a larger surface area, the reagent volume can be increased proportionally. 

6.5 Place a paper towel soaked in water on the bottom of the black wet box protected from 

light. Place the slides inside a wet cassette and incubate at 37 °C for 60 min. 

6.6 Gently remove excess liquid and wash 2 times with fresh 1 × PBS solution for 5 min each 

5.4 Gently aspirate excess liquid, add 100 μl of each sample dropwise to 20 U/ml DNase I 

working solution and incubate at room temperature for 10 min. 

5.5 Gently aspirrrrrratatatatatatatatatataaa eee eeee eeee ththththththththhthththe e e ee ee e ee exeeeeeee cess liquid and thoroughly soak and wash the tissue sectctctcttctcttttctctioioioioioioioioioioioionsnsnsnsnsnsnsnsnsnsns 222222222222---3

timeeeeeeeessssss ss s inininininininiininininn aaaaaaaaaaaaa ssssssssssssssssstatatatatatatatatatataatatatatatataaaaininininininininininininii iiniiiiii g jar filled with 1×PBS. 

NoNoNoNoNoNoNoNoNoNoNoNNoNoNoNoteteteteteteteteteetet : : : : : : : : : : : PoPoPoPoPPoPoPoPoPoPoPoP sitive control slides must use a separate staining jar. ReReReeReReReReReReReReReReReeResisisisisisisisisisisisisisisisisiss dududududuuuududuuududduuduududuududuuualalalalalalalalalalalalal DDDDDDDDDDDDDDNaNNNNNN se I on positive 

control slides may create false positive false signals in the experimental group.

6. Marking and detection

6.1 Dilute 5 × Equilibration Buffer to 1 × Equilibration Buffer with ddH2O at a ratio of 1:5. ff

6.2 Each sample was drizzled with 100 μl of 1 × Equilibration Buffer to cover all areas of 

sample ttttttttttto o oo o o oo ooo bebebebebebebbebebeeb eeeeeeeeeeeeexaxaxaxaxaxaxaxaxaxaxaxaxammmmmimmmmmmmmm ned, equilibrated at room temperature for 10-30 min.

6.3 DuDuDuDuDuDuDuDuDuDDuDuriririririririririririrr ngngngngngngngngngngngnggg eeeeeeeeeeeeeqqqqqqquqqqqqq ilibration, the labeling fluid is prepared according to the fffololololololololollolololololololollololowiwiwiwwiwiwiwiwiwwiww ngngngngngngngngngngngngngg tttttttttttttabababababababbabble under 

lilililililililililililiiliggghghghggg t-protected conditions.

Component Negative control Positive control/sample

ddH2O 35 μl 34 μl

5 × Equilibration Buffer 10 μl 10 μl

FITC-12-dUTP Labeling Mix 5 μl 5 μl

TdT Enzyzyzyzyyzyzyzyzyymemmmmmmm 0 μl 1 μl

6.4 AfAfAfAfAfAfAfAfAfAfffA teteteteteeteteteteter r r r r r r rr r r eqeqeqeqeqeqeqeqeqeqeqeequiu libration is complete, aspirate 1 × Equilibration Bufffffffffffffffffffffffffffffererererererererrererererererrrrr wwwwwwwwwwwwwwwwwwwwititititititititititith h h h h h hhh h h h hh aabaabbabababababbabba sorbent paper 

and then add 50 μl of labeled reaction solution to the sample dropwise , taking care to 

avoid light. 

Note: Labeled liquid volume: For reactions with an area less than 5 cm2, the required 

volume is 50 μl, multiply 50 μl by the number of experimental and positive contrrrrrrrrrrololololololololololol 

reactions tototototototototootoo ddddddddddddetetetetetetetetetete ermine the total volume of TdT labeled reaction solutionnnnnnnnn rerrrrrrreeerreeeeeququququququququququuqquqqqqqqq iriririririririririri ededededededededededededdd. FFFFoFFFFFF r 

sampmpmpmpmpmpmpmpmppmpleleleleleleleleleleeeeeleeeeles ss ss s ss wiwiwiwiwiwiwiwiwiwiwiwwwwwwwwiithththththththththththththth a larger surface area, the reagent volume can be incrcrcrcrcrcrcrcrcrcrreaeaeaeaeaeaeaeaeaaee sesesesesesesesesesesed d d dd d dd d d d dd ppprpppppppppppp oportionally.

6.6.66.6.6.6.6.6.6.6.666.6.6 55555555555555 PlPlPlPlPlPlPlPlPlPlPP acacacacacacacacacacacceeee eeeeeee a paper towel soaked in water on the bottom of the blackkkkkkkkkkkkkkkk wwwwwwwwwwwwwwwwwwwweteteteteteetetetetetetetette  box protected from 

light. Place the slides inside a wet cassette and incubate at 37 °C for 60 min. 

6.6 Gently remove excess liquid and wash 2 times with fresh 1 × PBS solution for 5 min each 



room temperature.

Note: If the background is too high, to reduce the background, the sample can be washed 

3 times with PBS containing 0.1% Triton X-100 and 5 mg/ml BSA for 5 min after 

washing with 1 × PBS, which can clear the free unreacted markers. 

6.7 Gently wipe off the 1× PBS solution around and on the back of the sample with filter 

paper.

6.8 The samples were counterstained in the dark with a 1 μg/ml PI solution freshly prepared 

with 1 × PBS or a DAPI solution freshly prepared with 1 × PBS at a concentration of 2 

μg/ml, leaving the stain at room temperature for 5 min.

6.9 Wash the samples and immerse the slides in 1 × PBS solution 3 times for 5 min each 

room temperature.

6.10 Gently aspirate excess liquid and add an appropriate amount of anti-fluorescence 

quenching agent to the sample area to keep the sample moist and seal. 

6.11 Analyze the sample immediately under a fluorescence microscope and observe the green 

fluorescence at 520 ± 20 nm fluorescence; Observe the red fluorescence of the PI at >620 

nm, or the blue fluorescence of DAPI at 460 nm.

Adherent cells

7. Sample pretreatment

7.1 Preparation before the experiment:

Preparation of cell crawlers: Culture adherent cells on Lab-Tek slide chambers or 

TC-treated cell crawlers. After apoptosis induction treatment, rinse slides 2 times 

with PBS for follow-up experiments.

Preparation of cell smears: Resuspend cells at a concentration of 2×106 cells/ml at 

1×PBS. Aspirate 50-100 μl of the cell suspension drops onto a polylysine-coated 

slide. Gently coat the cell suspension with a clean slide and enter into subsequent 

experiments. 

7.2 Dip the crawler/smear into a staining jar filled with 4% paraformaldehyde (newly 

formulated at 1×PBS) and leave at 4 °C for 25 min for cell fixation.

room temperature.

Note: If the background is too high, to reduce the background, the sample can be washed 

3 times withhhhhhhhhh PPPPPPPPPPPBSBSBSBSBSBSBSBSBSSBSBS cccccccccccconoooooooo taining 0.1% Triton X-XX 100 and 5 mg/ml BSA for 5 min afafafafafafafafafafafafaffteetetetetetetetetetter r r rrrrrrrr

washshshshhshshshshhshshhininininininninininining g g g g g g gg ggg wiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwwiw thththththththththththtttttththh 11111111111 × PBS, which can clear the free unreacted markers.

6.6.6.6..6.6.6..6....77777777777777777 GeGGGeeeeGGeGeGGeGeGeGGeGGG ntntntntntntntntntntntntlylylylylylylylylylylylyly wipe off the 1× PBS solution around and on the back ooooooooooooooof f f f f f f f f ff fff ff thththththththththththththththththtt e ee eeeeeeeeeeeee sasasasasasasasasasasaaampmpmpmmpmpmpmpmmmmmm le with filter 

paper.

6.8 The samples were counterstained in the dark with a 1 μg/ml PI solution freshly prepared 

with 1 × PBS or a DAPI solution freshly prepared with 1 × PBS at a concentration of 2 

μg/ml, leaving the stain at room temperature for 5 min.

6.9 Wash the samples and immerse the slides in 1 × PBS solution 3 times for 5 min each 

room temmmmmmmmmmmmpepepepepepepepepepepeperararararararararararaaar tutututututututututututurererererererereererereree.

6.10000000000 GeGeGeGeGeGeGeGeGeGeGeGeeentntntntntntntntntntntntlylylylylylylylylylylylylyly aaaaaaaaaaaaspirate excess liquid and add an appropriate amount of antii---fllflflflflflflflflflluouououououououououoooorererererererererescscscscscscscscscsccsccceneneneneneneenenee ce 

quququququququququququqquq enching agent to the sample area to keep the sample moist and d d d d d d dd d dd dddddd seseseseseseseseseseseseseseseses alalalalalalalalalalalalalallaala . 

6.11 Analyze the sample immediately under a fluorescence microscope and observe the green 

fluorescence at 520 ± 20 nm fluorescence; Observe the red fluorescence of the PI at >620 

nm, or the blue fluorescence of DAPI at 460 nm.

Adherent cells

7. Sample pretrrrrrrrrrreaeaeaeaeaeaeaeaeaeaaeatmtmtmtmtmtmtmtmtmtmtmmt enenenenenenenenenenenenntttttttttttt

7.1 PrPrPrPrPrPrrPrPrPrPrP epepepepepepeepeepeparararararararararararrraratatatatatatatatatatataaa ioioiiiiiiiii n before the experiment:

Preparation of cell crawlers: Culture adherent cells on Labbbbbbbbbbbbbbbbb-TeTTTTTTTT k slide chambers or 

TC-treated cell crawlers. After apoptosis induction treatment, rinse slides 2 times 

with PBS for follow-up experiments.

Preparation of cell smears: Resuspend cells at a concentration of 2×106 cells/ml at 

1×PBS.S.S.S.S.S..S.S AAAAAAAAAAAspssssss irate 50-100 μl of the cell suspension drops onto a polyyyyyyyyyylysisisisisisisisisississssss nenenenenenennenenene----------cocococococococococooooc atatatatatatatatattatatta ed 

slssslsssssllslllslliddddddddddididididdidididi e.e.e.e.e.e.e.ee.eeee GGGGGGGGGGGGGGeneneneneneneeneeee tly coat the cell suspension with a clean slide and enenenenenenenennene teteteteteteteteter r r rrrr r rr ininininininininninnntotototototototototototootot ssssubsequent 

exexexexexexeeexeeee periments. 

77777.7.77.7.7.77.77.7.7.77 22222222222222222 Dip the crawler/smear into a staining jar filled with 4% paraformaldehyde (newly 

formulated at 1×PBS) and leave at 4 °C for 25 min for cell fixation.



7.3 Dip the crawler/smear in 1× PBS solution and wash twice for 5 min each at room 

temperature.

7.4 Gently remove excess liquid and carefully drain the liquid around the sample with filter 

paper.

7.5 Dilute Proteinase K solution at a concentration of 2 mg/ml with 1× PBS at a ratio of 

1:100 to a final concentration of 20 μg/ml. Add 100 μl of diluted Proteinase K solution 

dropwise on each sample so that the solution covers the entire sample area and incubate 

at room temperature for 5 min; It can also be immersed in 0.2% Triton X-100 solution 

prepared with 1×PBS and incubated for 5 min at room temperature for permeability.

Note: Cell crawlers/smears are easier to remove during treatment, and it is 

recommended to use 0.2%-0.5% Triton X-100 solution for permeation to avoid 

despellation caused by permeation. Too long permeable proteinase K increases the risk 

of tissue sections falling off the slide during subsequent wash steps, and too short may 

result in inadequate permeation processing and affect labeling efficiency. For best 

results, it may be necessary to optimize the timing of Proteinase K incubation. 

7.6 Wash the sample 2-3 times with 1× PBS solution. Gently remove excess liquid and 

carefully drain the liquid around the sample on the slide with filter paper. The treated 

sample is kept moist in a wet box.

8. (Optional step) Positive control-DNase I treatment (only positive controls perform this step, 

other samples go directly to step 9. Labeling and detection).

8.1. Dilute 10× DNase I Buffer to 1× DNase I Buffer for backup with ddH2O at 1:10 ratio

8.2 Add 100 μl of 1× DNase I Buffer dropwise onto the permeable sample and equilibrate at 

room temperature for 5 min. 

8.3 Dilute DNase I (2000 U/ml) with 1× DNase I Buffer to a final concentration of 20 U/ml. 

8.4 Gently aspirate excess liquid, add 100 μl of each sample dropwise to 20 U/ml DNase I 

working solution and incubate at room temperature for 10 min. 

8.5 Gently aspirate excess liquid and soak the slides/crawlers thoroughly in a staining jar 

filled with 1×PBS 2-3 times. 

7.3 Dip the crawler/smear in 1× PBS solution and wash twice for 5 min each at room 

temperature.

7.4 Gently remmovovovovovovovovovovovoo eee e e eeee exexexexexexexexexexe ceccccccccccc ss liquid and carefully drain the liquid around the sampleeeeeeeee wwwwwwwwwwwwiiiiiiiiiithththththththththhht ffffffffffffiliiiiiiiii ter 

papepepepepepepepepep rrr.r.r.rr.rrr

7.7.7.7..7.7.7..7....55555555555555555 DiDiDiDiDiDiDiDiDiiDDDDDDDDDDDDDiDD lululululululululululuuutetetetetettetetetetetete Proteinase K solution at a concentration of 2 mg/ml wwwwwwwwititittitititititititititititti h h h hh hh h hh hh h hhhh 1×1×1××××1×1×××1×1×1×1××1×1××1×1××1×1××× PPPPPPPPPPPPBSBSBSBSBSBSBSBSBSBSBSBSBSB  at a ratio of 

1:100 to a final concentration of 20 μg/ml. Add 100 μl of diluted Proteinase K solution 

dropwise on each sample so that the solution covers the entire sample area and incubate m

at room temperature for 5 min; It can also be immersed in 0.2% Triton X-100 solution 

prepared with 1×PBS and incubated for 5 min at room temperature for permeability.

Note: Cell crawlers/smears are easier to remove during treatment, and it is 

recommmmmmmmmmmmenenenenenenenennenenendedededededededededededed d d d d d d d d d dd tototototototototototo use 0.2%-0.5% Triton X-XX 100 solution for permeation to avoooooooooooidididididididdididdid 

dedededededededededeedespspspspspspspspspspsppelelelelelelelelelelelellalallalalalalalalalalalattittttttt on caused by permeation. Too long permeable proteinase K K KK K KK KKK inininininininininnncrcrcrcrcrcrcrcrcrcc eaeaeaeaeaeaeaeaeaeaeaeaasesesseseseseseesesses the risk 

ofofofofoffoffoof tissue sections falling off the slide during subsequent wash stststststtststtststststtsttttepepepepepepepepepepepepepepeepepeps,s,s,s,s,s,s,s,s,s,s,s,s,s,ss,s aaaaaaaaaaaandnndndnndndndndnn  too short may 

result in inadequate permeation processing and affect labeling efficiency. For best 

results, it may be necessary to optimize the timing of Proteinase K incubation. 

7.6 Wash the sample 2-3 times with 1× PBS solution. Gently remove excess liquid and 

carefully drain the liquid around the sample on the slide with filter paper. The treated 

sample is keptppppp  moist in a wet box.

8. (Optptpttptptptptptptptioioioioioioioiooionanananananannananan l l l l l l lll ststststststststststststtepepepeepeeeeeeee )))) Positive control-DNase I treatment (only positive cccccccccccononononononononononononononononntrrtrtrtrtrtrtrtrtrtrtrtrtrrtrolololololololololololoooooooooo s s s s ss s s ss s pepepepeppepepeepepepep frfrfrr orm this step, 

otototototototototototototototottotthehehehehehehhehehehehehehehehheheher rrrrrrrrr samples go directly to step 9. Labeling and detection).

8.1. Dilute 10× DNase I Buffer to 1× DNase I Buffer for backup with ddH2O at 1:10 ratio

8.2 Add 100 μl of 1× DNase I Buffer dropwise onto the permeable sample and equilibrate at 

room temperature for 5 min. 

8.3 Dilute DNaseeeeeeeeee IIIIIIIII ((((((((2000 U/ml) with 1× DNase I Buffer to a final concentrationnn n nn nnnnnnnnn ofofofofofofofofofofff 222222222220 000 0 00 0 00 000 U/UUUUUU/U/U/UUUU ml.

8.4 Gentntntttntntttttlylylylylylylylylylylylyyyy aaaaaaaaaspspspspspspspspspspppspspspspspspiriririririririiririiriratatatatatatatatatatatataate eeeeeeeeee excess liquid, add 100 μl of each sample dropwise totototototototototo 22222222220000000 00000 U/U/U/U/U/U/U/U/U/U/U/U/U/U/U mmmmmlmmmmmmmm  DNase I 

wowowowowowowowowowowowoworkrkrkrkrkrkrkrkrkrkrkkkkinininininininininininining solution and incubate at room temperature for 10 minnnnnnnnnnnnnnnn.........

88888.8.88.8.8.88.88.8.8.88 55555555555555555 Gently aspirate excess liquid and soak the slides/crawlers thoroughly in a staining jar 

filled with 1×PBS 2-3 times. 



Note: Positive control slides must use a separate staining jar. Residual DNase I on positive 

control slides may create false positive false signals in the experimental group. 

9. Marking and detection

9.1 Dilute 5 × Equilibration Buffer to 1 × Equilibration Buffer with ddH2O at a ratio of 1:5. 

9.2 Each sample was drizzled with 100 μl of 1 × Equilibration Buffer to cover all areas of 

sample to be examined, equilibrated at room temperature for 10-30 min. 

9.3 During equilibration, the labeling fluid is prepared according to the following table under 

light-protected conditions.

Component Negative control Positive control/sample

ddH2O 35 μl 34 μl

5 × Equilibration Buffer 10 μl 10 μl

FITC-12-dUTP Labeling Mix 5 μl 5 μl

TdT Enzyme 0 μl 1 μl

9.4 After equilibration is complete, aspirate 1 × Equilibration Buffer with absorbent paper 

and then add 50 μl of labeled reaction solution to the sample dropwise , taking care to 

avoid light. 

Note: Labeled liquid volume: For reactions with an area less than 5 cm2, the required 

volume is 50 μl, multiply 50 μl by the number of experimental and positive control 

reactions to determine the total volume of TdT labeled reaction solution required. For 

samples with a larger surface area, the reagent volume can be increased proportionally. 

9.5 Place a paper towel soaked in water on the bottom of the black wet box protected from 

light. Place the slides inside a wet cassette and incubate at 37 °C for 60 min. 

9.6 Gently remove excess liquid and wash 2 times with fresh 1× PBS solution for 5 min.

Note: If the background is too high, to reduce the background, the sample can be washed 

3 times with PBS containing 0.1% Triton X-100 and 5 mg/ml BSA for 5 min after 

washing with 1 × PBS, which can clear the free unreacted markers. 

9.7 Gently wipe off the 1× PBS solution around and on the back of the sample with filter 

Note: Positive control slides must use a separate staining jar. Residual DNase I on positive 

control slides may create false positive false signals in the experimental group.

9. Markingggggggggg anananananananannannnd d dd d dd dd dd dd dededededededededededededededededdedettttteteteteteteteetettetetetteeectcctctctctctctctctctctc iioiiii n

9.9.9.9..9.9.9..9....11111111111111111 DDDDDiDiiiiiDDDDDiDDiiDDiilululululululululululutetetetetetetetetetetetete 5555555 × Equilibration Buffer to 1 × Equilibration Buffer wittitittitittttitttth hh hh h h h h hhhhhhh ddddddddddddddddddddddddddddddddddd H2H2H2H2H2H2H2H2H2H2H2HH2HHHHHH2H OOOOOOOOOOOOO at a ratio of 1:5. ff

9.2 Each sample was drizzled with 100 μl of 1 × Equilibration Buffer to cover all areas of 

sample to be examined, equilibrated at room temperature for 10-30 min.

9.3 During equilibration, the labeling fluid is prepared according to the following table under 

light-protected conditions.

Component Negative control Positive control/sample

dddddddddddddddddddddddHHHHHHHHHHHH222222222222OOOOOOOOOOOO 35 μl 34 μl

555555555555 ××××××××××× EqEqEqEqEqEqEqEqEqEqEqEEqE uiuiuiuiuiuiuiuiuiuiuiuiililililililililililililiilibbrbrbrbbrbbrbrbrbbb ation Buffer 10 μl 100101010101001010011 μμμμμμμμμμμllllllll

FIFIFIFIFIFIFIFIFIFIFIFIFIFIFIIFIITTTTTTTTCTCCCCCCTTCCCCTTCCTTTT -12-dUTP Labeling Mix 5 μl 5555555555555 μl

TdT Enzyme 0 μl 1 μl

9.4 After equilibration is complete, aspirate 1 × Equilibration Buffer with absorbent paper 

and then add 50 μl of labeled reaction solution to the sample dropwise , taking care to 

avoid light. 

Notee::::::::::: LaLaLaLaLaLaLaLaLaLaaaLaLaLaLaL bebebebebebebbebeebebebelelelelelelelelelelelell d dd dd d d dd ddddd lilillilililllililill quid volume: For reactions with an area less than 5 cmcmcmcmcmcmcmmccmcm22222222222,,,,,,,,, ththththththththththththththththheeeee e e ee eeee e eeeeee rererererererrerrerererr quired 

vovovovovovovvovovooolululululululululululumememememememememememmeme iiiis 50 μl, multiply 50 μl by the number of experimentaaaaaal l l l l ll ll l l anananananananananananannanananannnd d dd d d d d d d dddddd popopopopopopopopopopopooosisisisisisisisisisisisis ttttittttt ve control 

reactions to determine the total volume of TdT labeled reaction solution required. For 

samples with a larger surface area, the reagent volume can be increased proportionally. rr

9.5 Place a paper towel soaked in water on the bottom of the black wet box protected from 

light. Place the slides inside a wet cassette and incubate at 37 °C for 60 min.

9.6 Gently remmmmmmmmmovovovovovovovovovovoo eeeeeee eee eexeeeeeeee cess liquid and wash 2 times with fresh 1× PBS solutioooooooooon nnnnnnnnnn fofofofofofofofofoffofofofofofofofofor r r r rrrrrrr 555555555555 mimimimimimimimimimimmmim n.

Notetetetetetetetetetee:::::::::: IfIfIfIfIfIfIfIfIfIfIfIIfIfIIfIfIfII tttttttttttttttthehehehehehehehehehehehhhhhhhhee bbbbbbbbbbbbbbackground is too high, to reduce the background, theee ee eeeee sasasasasasasasasaass mpmpmpmpmpmpmpmpmpmpmppppleleleleleleleleleleleleleee can be washed 

333333333333 titititititititititittiimmmmmmemmmmmmm s with PBS containing 0.1% Triton X-XX 100 and 5 mg/ml BSBSBSBSBSBSBSBSBSBSBSBSBSBBSBSBSBSBSBSB A A AAAAAAAAAAA AAA ffffofffffff r 5 min after 

washing with 1 × PBS, which can clear the free unreacted markers.

9.7 Gently wipe off the 1× PBS solution around and on the back of the sample with filter 



paper.

9.8 The samples were counterstained in the dark with a 1 μg/ml PI solution freshly prepared 

with 1 × PBS or a DAPI solution freshly prepared with 1 × PBS at a concentration of 2 

μg/ml, leaving the stain at room temperature for 5 min.

9.9 Wash the samples and immerse the slides in 1 × PBS solution 3 times for 5 min each 

room temperature.

9.10 Gently aspirate excess liquid and add an appropriate amount of anti-fluorescence 

quenching agent to the sample area to keep the sample moist and seal. 

9.11 Analyze the sample immediately under a fluorescence microscope and observe the green 

fluorescence at 520 ± 20 nm fluorescence; Observe the red fluorescence of the PI at >620 

nm, or the blue fluorescence of DAPI at 460 nm.

NO.2: Experimental flow of suspension cells

1. (3-5) ×106cells are washed twice with 1×PBS and centrifuged at 1800 rpm (300× g) for 5 

min each. Then resuspend with 0.5 ml 1× PBS. 

2. Add 5 ml of paraformaldehyde solution prepared at 1× PBS concentration of 1% and 

incubate at 4 °C for 20 min for cell fixation.

Note: To prevent cells from congregating into clumps, fixation can be performed while 

shaking slowly on a shaker. 

3. Centrifuge at 4 °C at 1800 rpm (300× g) for 5 min, discard the supernatant and resuspend 

the cells with 5 ml 1×PBS.

4. Repeat the centrifugation and resuspend the cells with 0.5 ml 1× PBS.

5. Add 5 ml of 0.2% PBS solution of Triton X-100 for 5 min at room temperature, or add 5 

ml of pre-chilled 70% ethanol on ice and incubate at -20 °C for 4 h. 

Note: The refractive index of cells after permeation will decrease, cell turbidity is not easy 

to observe, and careful manipulation should be taken during manipulation to avoid cell 

loss. 

6. Centrifuge at 4 °C at 1800 rpm (300× g) for 5 min, discard the supernatant and resuspend 

the cells with 5 ml 1×PBS. Repeat the centrifugation and resuspend the cells with 1 ml 1× 

paper.

9.8 The samples were counterstained in the dark with a 1 μg/ml PI solution freshly prepared 

with 1 × PBSBSSSSSSSSSSSS ooooooooooor rrrrr rrrrr aaa a aaaaaaa DADDDDDDDDDDD PI solution freshly prepared with 1 × PBS at a concentrarararaarararararaaaatitititititititittitiionononononononononononono oooooooooooof fffffffff 2 

μg/mlmlmlmllmlmlmlmllmlmlm ,, leleleleleleleleleleleeavavavavavavvavavavvavavavvavaavavininininininininiininininiininininnngg ggggggggggg tthe stain at room temperature for 5 min.

9.9.9.9..9.9.9..9....99999999999999999 WaWWWWWaWaWaWWWaWWaWaWWWWaWaaWWWWaW shshshshshshshshshshshhsh tttttttthhhhehhhhhh  samples and immerse the slides in 1 × PBS solution n n nn n 3333333333333333 tititititititititititititititititit mmmemmmmemememememmmememememmmmmmmmes s s s s s ss s s sss fofofofofofofofofofofofof r 5 min each 

room temperature.

9.10 Gently aspirate excess liquid and add an appropriate amount of anti-fluorescence 

quenching agent to the sample area to keep the sample moist and seal. 

9.11 Analyze the sample immediately under a fluorescence microscope and observe the green 

fluorescence at 520 ± 20 nm fluorescence; Observe the red fluorescence of the PI at >620 

nm, or thehehehehehehehehehehee bbbbbbbbbbbblulululululululluuluuuue e e e e e e e eeeee flflflflflflflflflflflflflfluuuouuuu rescence of DAPI at 460 nm.

NOOOOOOOOOOOOOOO.2.2.2.2.2.2.2.22.2.2.222.2.22.2:::::::::::::: EExExEEEEExExExExExExExExEEEEExEExExpeppppppp rimental flow of suspension cells

1. (3-5) ×106cells are washed twice with 1×PBS and centrifuged at 1800 rpm (300× g) for 5 

min each. Then resuspend with 0.5 ml 1× PBS. 

2. Add 5 ml of paraformaldehyde solution prepared at 1× PBS concentration of 1% and 

incubate at 4 °C for 20 min for cell fixation.

Note: To prevent cells from congregating into clumps, fixation can be perffffffffffffforororororororororrmemememememmememememed ddddddddd while

shakingggg gg gggggggggggg slslslslslslslslslsllllowowowowowowoowowowowowwo lylylylylylylylylylylylyl ooon a shaker. 

3. CeCeCeCeCeCeCeCeCeCeeCentntntntntntntnntntntntririririririririririririririfufufufufufuffufufufufuffuge at 4 °C at 1800 rpm (300× g) for 5 min, discard theeheheheheeheheeeheeee ssssssssssssssssupupupupupupuppppupuppupupppupupppupuppuppererererererererererernananananananananananaaan tatattatatatatatatat nt and resuspend 

thttttttt e cells with 5 ml 1×PBS.

4. Repeat the centrifugation and resuspend the cells with 0.5 ml 1× PBS.

5. Add 5 ml of 0.2% PBS solution of Triton X-100 for 5 min at room temperature, or add 5

ml of pre-chilled 70% ethanol on ice and incubate at -20 °C for 4 h. 

Note: The rerereererererereefrfrfrfrfrfrfrfrfrfrfrfracaaaaaaaa tive index of cells after permeation will decrease, cell turbiiiiiiiiiiiiiiidididididididididididddddd tytytytytytytytyytytyty iiiiiiiiiis s s ss s s s s s sss nononononononnononoonn t easy 

to oooooooooooobsbsbbsbbbbbsbsbbsssssssssererererrrrererrerrerrrre vevevevevevevevevevee,,,,,,,, aaananananananananaaaa d careful manipulation should be taken during maaaaaaaaaanininininininininin pupupupupupupupupuuupulalalalalalalalaalaatititititititiititititititit ooonononononoononoonoo  to avoid cell 

lololololololololololosssssssssssssssssssssss....

66.6.6.6666.6.6.6666.6.66 Centrifuge at 4 °C at 1800 rpm (300× g) for 5 min, discard the supernatant and resuspend 

the cells with 5 ml 1×PBS. Repeat the centrifugation and resuspend the cells with 1 ml 1× 



PBS.

7. Transfer 2×106 cells to a new 1.5 ml centrifuge tube. 

8. Centrifuge at 1800 rpm (300×g) for 5 min at 4 °C, discard the supernatant, and resuspend 

the cells with 100 μl 1× Equilibration Buffer (dilute 5×Equilibration Buffer in a 1:5 ratio 

with ddH2O). Incubate at room temperature for 5 min. 

9. During cell equilibration, the labeling solution is prepared. The FITC-12-dUTP labeling 

mixture is melted on ice and the labeling solution is prepared according to the table below.

Component Negative control Positive control/sample

ddH2O 35 μl 34 μl

5×Equilibration Buffer 10 μl 10 μl

FITC-12-dUTP Labeling Mix 5 μl 5 μl

TdT Enzyme 0 μl 1 μl

10. Centrifuge at 1800 rpm (300×g) for 5 min at 4 °C, discard the supernatant and resuspend 

the cells with 50 μl of TdT labeling solution. Incubate at 37 °C for 60 min at light-

protected. Flick the tube wall every 15 min or gently resuspend the cells with a 

micropipette. 

Note: For one standard reaction of 2×106 cells, the required volume is 50 μl. Multiply 50 

μl by the number of reactions above to determine the total volume of the desired TdT-

labeled reaction fluid. 

11. Add 1 ml of 20 mM EDTA to terminate the reaction and mix gently with a pipette.

12. Centrifuge at 1800 rpm (300× g) for 5 min at 4 °C, discard the supernatant, and resuspend 

cells with 1 ml of 0.1% TritonX-100 prepared in 1 × PBS containing 5 mg/ml BSA. Repeat 

once, wash twice.

13. Centrifuge at 1800 rpm (300× g) for 5 min at 4 °C, discard the supernatant, and resuspend 

the cells with 0.5 ml of 5 μg/ml PI solution prepared in 1×PBS containing 250 μg of 

DNase-free RNase A.

14. Incubate cells at room temperature for 30 min in the dark.

15. Analyze the cells with flow cytometry. Or observe the green fluorescence of FITC-12-

dUTP with a standard fluorescence filtration device at 520±20 nm and the red 

PBS.

7. Transfer 2×106 cells to a new 1.5 ml centrifuge tube. 

8. Centrifugeeeee aaaaaaaaaaaattt ttt t tt t 1818181818181818818181800000000000000000000000 rpm (300×g) for 5 min at 4 °C, discard the supernatant, aaaaaaaandndndndndndndndndndndndn rrrrrrrrrrreseseseseseseesesesse uuususuuuuuuusu pend 

the ee ee ee e cecececececececeeceeelllllllllllllllllllllllls s ssssss ssss wiwwwiwiwiwiwiwiwwiwiwiwiwiwiwiiwiithththththththththththththth 100 μl 1× Equilibration Buffer (dilute 5×Equilibrationnnnnnnnnn BBBBBBBBBBBBBufufufufufufffufffuffuffffffefefefefefefefefefefefefefefeefef rrrrr rrrr r rrr r rr r rr ininininininininininininini  a 1:5 ratio 

wiwiwiwiwiwiwiwiwiwiwwwwwwwwwwiwwwww ththththththththththththh ddddddddddddH2O). Incubate at room temperature for 5 min. 

9. During cell equilibration, the labeling solution is prepared. The FITC-12-dUTP labeling

mixture is melted on ice and the labeling solution is prepared according to the table below.

Component Negative control Positive control/sample

ddH2O 35 μl 34 μl

5×Equilibration Buffer 10 μl 10 μl

FITC-12-dUUUUUUUUUUUUTPTPTPTPTPTPTPTPTPTPTPTP LLLLLLLLLLLLLabababababababababababababeleeleleelelleleleleleling Mix 5 μl 5 μl

TdTdTdTdTdTdTdTdTdTdTdTdddTTTT TTTT TTTTTT EnEEEEEEEE zyme 0 μl 111111111 μμμμμμμμμμμlllllllllll

101010101010101010101001001010100. CCCCeCC ntrifuge at 1800 rpm (300×g) for 5 min at 4 °C, discard the susususususususususususususususuupepepepepepepepepepepepepepepeppernrnrnrrrnrrnrnnrnrnnnrnnrnrr atant and resuspend 

the cells with 50 μl of TdT labeling solution. Incubate at 37 °C for 60 min at light-

protected. Flick the tube wall every 15 min or gently resuspend the cells with a 

micropipette. 

Note: For one standard reaction of 2×106 cells, the required volume is 50 μl. Multiply 50 

μl by the numumumumumumumumumumber of reactions above to determine the total volume of the dedededededededededededd sisisisisisisisiiisirerererererererereer d d d dd dddd d TdT-TT

labeeeeeeeeelelllllllll ddddddddddddddddd rerererererererereeereeacacacacacacacacacacaca tititititititititititiititioonoooooooo fluid. 

11..... AdAdAdAdAdAdAdAdAddAdAA d d d d d d d ddddd 11111111111111 mmlm  of 20 mM EDTA to terminate the reaction and mixxxxxxxxxxxx gegegegegegegegegegegegegegegegeeeentntntntnttttnttnttnttnttntntntttntntntttlylylylylylylylylylylyyyy wwwwwwwwwwwwwitiitiiititii h a pipette.

121212121212121212121212121212212. Centrifuge at 1800 rpm (300× g) for 5 min at 4 °C, discard the supernatant, and resuspend 

cells with 1 ml of 0.1% TritonX-100 prepared in 1 × PBS containing 5 mg/ml BSA. Repeat 

once, wash twice.

13. Centrifuge at 1800 rpm (300× g) for 5 min at 4 °C, discard the supernatant, and rrrrrrrrrreseseeseseseesesesesuspend 

the cells wiwiwiwiwiwiwiwiwiwiwww thththththththththththh 0.5 ml of 5 μg/ml PI solution prepared in 1×PBS connnntatatatatatatatatatatatainnnnnninininininnninininininininininining g g g g g g g g g g 25252525252525252525252525250 0000000000 μg of 

DNNNNNNNNNNNasasasasasasasasssasassssseeeeeeeeee-frfrfrfrfrfrfrfrfrfrfrfrfrfrfrfrffreeeeeeeeeeeeeeeeeeeeeeeeee RRRRRRRRRRNase A.

14141414141411414141414141414..... InInInInInInInnInInInncucuccucucucucucucucuubabbbbbbbbb te cells at room temperature for 30 min in the dark.

15151515151515151515151515151515. Analyze the cells with flow cytometry. Or observe the green fluorescence of FITC-12-

dUTP with a standard fluorescence filtration device at 520±20 nm and the red 



fluorescence of PI at >620 nm.

NO.3: TUNEL and immunofluorescence co-contamination experimental process

1. Paraffin section co-staining step

1.1 65 °C tablets for 30 min, xylene dewaxing, gradient alcohol hydration.

1.2 Antigen repair: The slices are placed in a citric acid repair solution of 0.1mol/L and 

pH = 6.0, heated for 6min to slight boiling in a microwave oven, and then 

maintained for 10min with medium and low fire, and naturally cooled for 20-30min 

after stopping heating.

1.3 PBS wash 3 times for 5 min each. 

1.4 Dropwise PBS configuration of 0.2% Triton X-100 permeable agent permeable 

membrane for 10 min. Note, however, that the integrin on the surface of the cell 

membrane cannot be added with Triton X-100, otherwise it will be washed out. 

1.5 Closure: 5% BSA is formulated with PBS and closed at room temperature for 1h.

1.6 PBS dip 3 times for 5 min each.

1.7 (Optional) positive treatment, dilute 10× DNase I Buffer to 1× DNase I Buffer, 100 

μl per sample, incubate for 5 min at room temperature; Dilute DNase I with 1 × 

DNase I Buffer (final concentration of 20 U/ml), aspirate the DNase I Buffer, add 

100 μl of DNase I dropwise to each sample, incubate at room temperature for 10 

min, PBS wash 3 times for 5 min each. 

1.8 Equilibration: Equilibration Buffer for 20 min with 100 μl 1× Equilibration Buffer.

1.9 Labeling: Remove the equilibrium solution, add 50 μl of  TdT labeling working 

solution dropwise per piece (configuration reference struded) to completely cover 

the sample area, incubate at 37 °C in a wet cassette at 37 °C protected from light 

for 60 min, and wash three times in PBS for 5 min each. 

1.10 Incubate overnight at 4 °C in a humidified chamber of appropriate concentration 

dropwise.

1.11 PBS dip 3 times for 5 min each.

1.12 Secondary antibody incubation: fluorescent secondary antibody incubated at room 

fluorescence of PI at >620 nm.

NO.3: TUNEL and imimimimimimmimimimimmmumumumumumumumumummum nonnnnnnnnnnn fluorescence co-contamination experimental process

1. Parararararararararafffffffffffffffffffffffffinininininininininininnn sssssssssssssssecececececececececececececcecceeeccctitititittitittittititt on co-staining step

1.1.1.1.1.1.1.1.1.11111111111 11111111111 656666666666  °C tablets for 30 min, xylene dewaxing, gradient alcococoocoocoocococooooooohohohohohohohohohohohohohohohohohoollllllllllllll hyhyhyhyhyhyhyhyhyhyhyhhyydrdrdrdrdrdrdrdrdrdrdrdrdrd ataaaa ion.

1.2 Antigen repair: The slices are placed in a citric acid repair solution of 0.1mol/L and 

pH = 6.0, heated for 6min to slight boiling in a microwave oven, and then 

maintained for 10min with medium and low fire, and naturally cooled for 20-30min 

after stopping heating.

1.3 PBS wash 3 times for 5 min each.

1.4 DrDrDrDrDrrrrrrDropopopopopopopopopopopopwiwiwiwiwiwiwiwwiwiwiwiisesesesesesesesesesesesese PPPPBPPPPPPPPPP S configuration of 0.2% Triton X-100 permeable agent permrmrmrmrmrmrmrmrmrmrmr eaeaeaeaeaeaeaeaeaeaablblblblblblbblblblblblb e eeee ee e ee e ee

memememememememememememememembmmmmmmmmmm rane for 10 min. Note, however, that the integrin on the sususususususususurfrfrfrfrfrfrfrfrfrfrfrfacacacacacacacacacaaca eeeeeeeee ofofofffofofofoffofofofofoffo ttttttttttthehhhhhhhhh  cell

membrane cannot be added with Triton X-100, otherwise iiiiiiiiiiiiiiiiiit tttttt t t t t tt t ttt wiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwwilllllllllllllllllllllllllllllll bbbbbbbbbbbbbe washed out. 

1.5 Closure: 5% BSA is formulated with PBS and closed at room temperature for 1h.

1.6 PBS dip 3 times for 5 min each.

1.7 (Optional) positive treatment, dilute 10× DNase I Buffer to 1× DNase I Buffer, 100

μl per sample, incubate for 5 min at room temperature; Dilute DNase I with 1 ×

DNase I Buffer (final concentration of 20 U/ml), aspirate the DNase I BBBBBBBBufufufufufufufufufuffefefefefefefefefefefer,r,r,r,r,r,r,r,r,, add 

100000000000000 0 0 0 00000 μμμμμμμμμμμμμμl lllllllll ofofofofofofofofofofofofof DDDDDDDDDDDDDDNase I dropwise to each sample, incubate at room teeeeeeeeempmpmpmpmpmpmpmpmpmpmpererererererereereeeeeeeeere atatattttatttttatatatattturururururururururururuuuuuurrureeeeeeeeeeee for 10 

mimmimimimimimimimimimimim n,nn  PBS wash 3 times for 5 min each. 

1.111 8 Equilibration: Equilibration Buffer for 20 min with 100 μllllllllllllll l 11111×1111  Equilibration Buffer.

1.9 Labeling: Remove the equilibrium solution, add 50 μl of  TdT labeling working 

solution dropwise per piece (configuration reference struded) to completely cover 

the sample area, incubate at 37 °C in a wet cassette at 37 °C protected from light

for 60 mmmmmmmmmminininiinininiiniin, and wash three times in PBS for 5 min each.

1.101001001001000100 InInInInInnInnnnI ccccucucucucuccuuucucucccc babababababababababababaabatetetetetetetetetetetetett  overnight at 4 °C in a humidified chamber of appropopopopopopopoppopopriririririririririatatataatatatatatatatateeeeeeeeeee cococococococococococococococ ncnnnnnnn entration 

drdrdddddddddddd opwise.

1.11 PBS dip 3 times for 5 min each.

1.12 Secondary antibody incubation: fluorescent secondary antibody incubated at room 



temperature for 1h; PBS dip 3 times to wash off excess secondary antibodies.

1.13 Counterstained nuclei: add 100 μl of 2 μg/ml DAPI counterstained nuclei dropwise 

and incubate at room temperature for 5min; PBS soak cells 3 times for 5 min each.

1.14 Fluorescence microscope for photography.

2. Frozen section co-staining step

2.1 Freeze slices taken from the refrigerator should be left at room temperature for 

more than 30 min before immunofluorescence.

2.2 Immerse the slides in 4% paraformaldehyde solution (soluble in 1×PBS) and fix at 

room temperature for 30 min.

2.3 1× PBS wash 3 times for 3-5 min each time.

2.4 Dropwise PBS configuration of 0.2% Triton X-100 permeable agent permeable 

membrane 10min. Note, however, that the integrin on the surface of the cell 

membrane cannot be added with Triton X-100, otherwise it will be washed out. 

2.5 Closure: 5% BSA is formulated with PBS and closed at room temperature for 1h.

2.6 PBS dip 3 times for 5 min each.

2.7 (Optional) positive treatment, dilute 10× DNase I Buffer to 1× DNase I Buffer, 100 

μl per sample, incubate for 5 min at room temperature; Dilute DNase I  with 1 × 

DNase I Buffer (final concentration of 20 U/ml), aspirate the DNase I Buffer, and 

add 100 μl of DNase I dropwise to each sample, Incubate at room temperature for 

10 min and PBS wash 3 times for 5 min each. 

2.8 Equilibration: Equilibration Buffer for 20 min with 100 μl 1× Equilibration Buffer.

2.9 Labeling: Remove the equilibrium solution, add 50 μl of TdT labeling working 

solution dropwise per piece (configuration reference struded) to completely cover 

the sample area, incubate at 37 °C in a wet cassette at 37 °C protected from light 

for 60 min, and wash three times in PBS for 5 min each. 

2.10 Incubate overnight at 4 °C in a humidified chamber of appropriate concentration 

dropwise.

2.11 PBS dip 3 times for 5 min each.

2.12 Secondary antibody incubation: fluorescent secondary antibody incubated at room 

temperature for 1h; PBS dip 3 times to wash off excess secondary antibodies.

1.13 Counterstained nuclei: add 100 μl of 2 μg/ml DAPI counterstained nuclei dropwise 

and innnnnnnncucucucucucucucucucucucc bababababababababababateteteteteteteteetee at room temperature for 5min; PBS soak cells 3 times for r 5555555555555 mimimimimimimimimimimm n nn nnn nnnnn eaeeeeeeeeeee ch.

1.144141414414144 FlFlFlFlFlFlFlFllFlFlFlFluouuouououooooououoouoouuouuorerereererererererererereereererreescscscscscscscscscscscscscs ence microscope for photography.

2.2.2.2.2.2.2.2.2.2.2.2.2.2.2. FrFrFrFrFrFrFrFrFrrFFFFFFFFFFrFFFFF ozozozozozozozozozozozozzeneeeee  section co-staining step

2.1 Freeze slices taken from the refrigerator should be left at room temperature for 

more than 30 min before immunofluorescence.

2.2 Immerse the slides in 4% paraformaldehyde solution (soluble in 1×PBS) and fix at 

room temperature for 30 min.

2.3 1× PBS wash 3 times for 3-5 min each time.

2.4 DrDrDrDrDrrrrrrDropopopopopopopopopopopopwiwiwiwiwiwiwiwwiwiwiwiisesesesesesesesesesesesese PPPPBPPPPPPPPPP S configuration of 0.2% Triton X-100 permeable agent permrmrmrmrmrmrmrmrmrmrmr eaeaeaeaeaeaeaeaeaeaablblblblblblbblblblblblb e eeee ee e ee e ee

memememememememememememememembmmmmmmmmmm rane 10min. Note, however, that the integrin on the surfaaaaaaaaacececececeecececece oooooooooooffff ffffffff thththththththththththe e e ee eee eee eee ccccceccccc ll 

membrane cannot be added with Triton X-100, otherwise iiiiiiiiiiiiiiiiiit tttttt t t t t tt t ttt wiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwiwwilllllllllllllllllllllllllllllll bbbbbbbbbbbbbe washed out. 

2.5 Closure: 5% BSA is formulated with PBS and closed at room temperature for 1h.

2.6 PBS dip 3 times for 5 min each.

2.7 (Optional) positive treatment, dilute 10× DNase I Buffer to 1× DNase I Buffer, 100

μl per sample, incubate for 5 min at room temperature; Dilute DNase I with 1 × 

DNase I Buffer (final concentration of 20 U/ml), aspirate the DNase I BuBuBuBuBuBuBuBuuuffffffffffffffffffffferererererererererer,,,, ,,,,,, and 

addddddddddddddddd d ddddd 101010101010101010101011 0 0 0 0 00 00000 0 00 μμμμμμμμμμμμllllllllllllll of DNase I dropwise to each sample, Incubate at roooooooooommmm m m mmmmm teteteteteeteteeeteteeteteeempmpmpmpmpmpmpmpmpmpmpmpmpmppmpmppppperererererererereerererere attaataataaaaaa ure for 

101010101010100101010101010 min and PBS wash 3 times for 5 min each. 

2.2222222 8 Equilibration: Equilibration Buffer for 20 min with 100 μllllllllllllll l 11111×1111  Equilibration Buffer.

2.9 Labeling: Remove the equilibrium solution, add 50 μl of TdT labeling working

solution dropwise per piece (configuration reference struded) to completely cover 

the sample area, incubate at 37 °C in a wet cassette at 37 °C protected from light

for 60 mmmmmmmmmminininiinininiiniin, and wash three times in PBS for 5 min each.

2.101001001001000100 InInInInInnInnnnI ccccucucucucuccuuucucucccc babababababababababababaabatetetetetetetetetetetetett  overnight at 4 °C in a humidified chamber of approoooooooooprprprprprprprprprprp iaiaiaiaiaiaaiaiaiaaatetetetetetetetetetete cccccccccccccccooonononononoononoonoo centration 

drdrdddddddddddd opwise.

2.11 PBS dip 3 times for 5 min each.

2.12 Secondary antibody incubation: fluorescent secondary antibody incubated at room 



temperature for 1h; PBS dip 3 times to wash off excess secondary antibodies.

2.13 Counterstained nuclei: add 100 μl of 2 μg/ml DAPI counterstained nuclei dropwise 

and incubate at room temperature for 5min; PBS soak cells 3 times for 5 min each.

2.14 Fluorescence microscope for photography.

3. Cell crawling co-staining steps

3.1 Remove the cell crawler from the incubator and wash the cell crawler 1-2 times 

using PBS. 

3.2 In 4% paraformaldehyde solution (dissolved in 1×PBS), leave at 4 °C for 25 min. 

3.3  1× PBS wash 3 times for 3-5 min each time.

3.4 Prepared with 1× PBS in a concentration of 0.2% Triton X-100 solution and incubated 

at room temperature for 5 min for permeable treatment. Note that integrin on the 

surface of the cell membrane cannot be added with Triton X-100 or it will be washed 

out. 

3.5 Closure: 5% BSA is formulated with PBS and closed at room temperature for 1h.

3.6 Balancing: Equilibration Buffer for 10 min with 100 μl 1×Equilibration Buffer 

room temperature.

3.7 Labeling: Remove the equilibrium solution, add 50 μl of TdT labeling working 

solution dropwise per piece (configuration reference above) to completely cover the 

sample area, incubate at 37 °C in a wet box at 37 °C protected from light for 60 

min, wash 2 ml of PBS three times for 5 min each, and aspirate PBS. 

3.8 Primary antibody incubation: add 200 μl of antibody dropwise to each crawler 

(diluted with 5% BSA) and incubate overnight at 4 °C in a wet cassette; PBS soak 

cells 3 times to wash away the excess antibody for 5 min each time. 

3.9 Secondary antibody incubation: fluorescent secondary antibody incubate at room 

temperature for 1 h; PBS-dip cells wash 3 times to wash off excess secondary 

antibodies.

3.10 Counterstained nuclei: add 100 μl of 2 μg/ml DAPI counterstained nuclei 

dropwise and incubate at room temperature for 5 min; PBS soak cells 3 times for 5 

min each.

temperature for 1h; PBS dip 3 times to wash off excess secondary antibodies.

2.13 Counterstained nuclei: add 100 μl of 2 μg/ml DAPI counterstained nuclei dropwise 

and innnnnnnncucucucucucucucucucucucc bababababababababababateteteteteteteteetee at room temperature for 5min; PBS soak cells 3 times for r 5555555555555 mimimimimimimimimimimm n nn nnn nnnnn eaeeeeeeeeeee ch.

2.144141414414144 FlFlFlFlFlFlFlFllFlFlFlFluouuouououooooououoouoouuouuorerereererererererererereereererreescscscscscscscscscscscscscs ence microscope for photography.

3.3.3..3.3.3.3.3.3.3.3.3..3. CeCeCeCeCeCeCeCeCeCeCCCCCCCCCCeCCCCC lllllllllllllllllllllllll ccccrawling co-staining steps

3.1 Remove the cell crawler from the incubator and wash the cell crawler 1-2 times

using PBS.

3.2 In 4% paraformaldehyde solution (dissolved in 1×PBS), leave at 4 °C for 25 min. 

3.3 1× PBS wash 3 times for 3-5 min each time.

3.4 Prepared with 1× PBS in a concentration of 0.2% Triton X-100 solution and incubated 

at rrrrrrrrrrroooooooooooooooooooooooom m mmm mm mmmmmm teteteteteteteteteteteetempmmmmmmmmmmmmm erature for 5 min for permeable treatment. Note that inteteeeeeeeeteeegrgrgrgrgrgrgrgrgrgrgrinininininininnininin oooooooooooon n n nnnn n n n nn thtttttt e 

susususususususususususuuurfrfrfrfrfrfrfrfrfrfrfrfrfrfacaaa e of the cell membrane cannot be added with Triton X-1000 0 00 0 0 00 orororororororoororrr iiiiiiiiiitt ttttttttt wiwiwiwiwiwiwiiiiwiwiiiiwiwiwiilllllllllllllllllllllll bbbbbbbbbbe washed 

out. 

3.5 Closure: 5% BSA is formulated with PBS and closed at room temperature for 1h.

3.6 Balancing: Equilibration Buffer for 10 min with 100 μl 1×Equilibration Buffer 

room temperature.

3.7 Labeling: Remove the equilibrium solution, add 50 μl of TdT labeling working

solution dropwise per piece (configuration reference above) to completelelelelellelelyyy y yyy yy y cocococcococococococovvvevvevvvevv r the 

sampmpmpmpmpmpmpmpmpmppmmpleleleleleleleleleelele aaaaaaaaaaaarererererererererererererea,aaaa  incubate at 37 °C in a wet box at 37 °C protected frrrrrrrrrromomomomomomomomomomo llllllllllllllligigigigigigigigigiigggggggghthththththththththththhhhhhhhthtt fofofofofofofoffofofofoff r 60 

mimimimimimimimimimimimimimin,nnnnn  wash 2 ml of PBS three times for 5 min each, and aaaaaaaaaaaaspspspspspsppspspspspspspspspsppppiririririririririririririririrrirataatatatatatatatatatataaaaaaaaaaaa eeeeeeeeeee PBPBPBPBPBPBPBPBPBBPBBPBPBSSS.SSSS  

3.33333 8 Primary antibody incubation: add 200 μl of antibody drop iiiwiiiiiiise to each crawler 

(diluted with 5% BSA) and incubate overnight at 4 °C in a wet cassette; PBS soak 

cells 3 times to wash away the excess antibody for 5 min each time. 

3.9 Secondary antibody incubation: fluorescent secondary antibody incubate at room 

temperrrrrrrratatatatatatatatataatururuuururururuure for 1 h; PBS-dip cells wash 3 times to wash off excess seeeecococococoococococococcccc ndndndndndndndndndndnddarararararararararararrara yyyy yyyyyyy

anannaanananaaaanaaaaannnaa titititititititititititiitititiboboboboboboboboboboodididididididididididdididieseeeeeeeeee .

3.3.3.3.3.33.3.3.3.33.10101010101010101010100 CoC unterstained nuclei: add 100 μl of 2 μg/ml DAPI coooooounununununununununununununununununnunnuntetetetetetetetetetetetetetetettett rsrrrrsrsrsrsrrrsrrrsrr ttttttat ined nuclei 

dropwise and incubate at room temperature for 5 min; PBS soak cells 3 times for 5

min each.



3.11Fluorescence microscope for photography.

Frequently asked questions and suggestions for solutions

The number of positive cells is small

Permeability is insufficient, and the permeability step can be optimized by adjusting the 

incubation time of Protease K or Triton X-100.

High background (e.g., strong green fluorescent background of unpoptoptotic cells)

Non-specific incorporation of FITC-12-dUTP. Treatment: Keep cells moist during 

manipulation; After the labeling reaction is completed, the slides can be washed 3 times with 

PBS containing 0.1% Triton X-100 and 5 mg/ml BSA for 5 min each after washing once with 

PBS.

Tissue slices detach from the slide

The coating before tissue section adhesion is inadequate. Before unfolding, a microscope 

slide coated with 3-aminopropyl triethoxysilane ( TESPA) works better than poly-L-lysine. 

Microscopy or flow cytometry analyzes only a few cells

A large number of cells are lost during the procedure. 1. The amount of cells that start can be 

increased. 2. When preparing the cell suspension, wash the cells with PBS containing 1% 

BSA during centrifugation.

Low marking rate

1. If the sample is fixed with ethanol or methanol, the labeling efficiency is low (cause: 

chromatin failed to cross-link to the protein at fixation and is lost during the operation), 

apply 4% paraformaldehyde fixation dissolved in 1×PBS (PH7.4) or formalin or 

glutaraldehyde fixation.

2. Excessive fixation leading to excessive crosslinking with proteins can also lead to low 

labeling efficiency, which can appropriately shorten the fixation time; Or fixed with 2% 

paraformaldehyde dissolved in 1× PBS.

False positive

Some muscle tissue frozen sections such as the production process without paraformaldehyde 

fixation, prone to endogenous nuclease cutting DNA resulting in false positives, should be 
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manipulation; After the labeling reaction is completed, the slides can be washed 3 times with

PBS containing 0.1% Triton X-100 and 5 mg/ml BSA for 5 min each after washing once with 

PBS.

Tissssssssssssssss ueueueueueueueueueueue sssssssssssslilililililililililiicecececececececececceceeesss sssssssss dedddddddddd tach from the slide

ThThThThThThThThThThThThThThhThThThThheeeee e eeeeeeeeeeeeeeeeee coccccccccccc ating before tissue section adhesion is inadequate. Before unffffffffffffffffffolololololololololololololollololollo didididididididididididididididddinnnnnnngngngngngnggngnnngnggnngnnn , a microscope 

slide coated with 3-aminopropyl triethoxysilane ( TESPA) works better than poly-L-lysine. 

Microscopy or flow cytometry analyzes only a few cells

A large number of cells are lost during the procedure. 1. The amount of cells that start can be m

increased. 2. When preparing the cell suspension, wash the cells with PBS containing 1%

BSA during centrifugation.
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chhchhchc romatin failed to cross-link to the protein at fixation and is lost during the operation), 

apply 4% paraformaldehyde fixation dissolved in 1×PBS (PH7.4) or formalin or 

glutaraldehyde fixation.

2. Excessive fixation leading to excessive crosslinking with proteins can also lead to low 
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removed from the tissue in time with paraformaldehyde fixed, in addition to try to avoid the 

use of protease K permeability.

Proteinase K working liquid treatment time, temperature must explore the most suitable 

conditions, the temperature is too high, the time is too long, easy to destroy the nucleic acid 

structure, false positive. 

Polylysine-coated slides are prepared:

Pipette 50-100 μl of 0.01% (W/V) aqueous polylysine solution onto the pre-cleaned glass 

surface. Spread the polylysine solution into thin layers in the area to be used to fix the cells. 

After the slides are dried, rinse quickly with deionized water, and then let the coated slides 

stand in the air for 30-60 min until dry. The embedded slides can be stored at room 

temperature for 3 months.

Note:

This product is for scientific use only.
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Polylysine-coated slides are prepared:

Pipette 50-100 μl of 0.01% (W/V) aqueous polylysine solution onto the pre-cleaned glass

surface. Spread the polylysine solution into thin layers in the area to be used to fix the cells. 

After the slides are dried, rinse quickly with deionized water, and then let the coated slides

stand in the air for 30-60 min until dry. The embedded slides can be stored at room 

temperatureeeeeeeeee fofofofofofofofofofoffor r r rr r r rrrrr 3 333 3 33333333 momomomomomomomomomomomomoontnnnn hs.

NoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNotetetetetetetetetetteteeteteteteee:::::::::::::::

This product is for scientific use only.


