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DNA fragmentation represents a characteristic of late stage apoptosis. DNA fragmentation in apoptotic cells can be detected by
terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling (TUNEL).

The TUNEL assay relies on the presence of nicks in the DNA which can be identified by TdT, an enzyme that catalyzes the addition
of dUTPs that are secondarily labeled with a marker.

All the existing TUNEL assays contain the highly toxic sodium cacodylate which might induces apoptosis and also decrease DNA
production and DNA strands. Our Cell Meter™ TUNEL Apoptosis Assay Kit uses proprietary buffer system free of sodium
cacodylate.

The kit is based on incorporation of a fluorescence dye TF3 modified deoxyuridine 5'-triphosphates (TF3-dUTP) at the 3' OH ends
of the DNA fragments that form during apoptosis. The assay is optimized for the direct detection of apoptosis in either detached or
attached cells without using antibody.

The kit provides all the essential components with an optimized assay protocol. It is suitable for fluorescence microplate reader,
fluorescence microscope, or flow cytometer. Its signal can be easily detected at Ex'Em = 550nm/590 nm.

CiR{ESER]
This protocol only provides a guideline, and should be modified according to your specific needs.
Note: Thaw Components C at room temperature, keep Components A and B on ice before use.

1. Culture cells to an optimal density for apoptosis induction according to your specific protocol. We recommend about 30,000 to
50,000 cells/well for adherent cells grown in a 96-well microplate culture, or about 1 to 2x10° cells/mL for non-adherent cells. At
the same time, culture a non-induced negative control cell population at the same density as the induced population for every
labeling condition. Here are a few examples for inducing apoptosis in suspension culture:

1) Treat Jurkat cells with 2 pg/ml camptothecin for 3 hours.

2) Treat Jurkat cells with 1 yM staurosporine for 3 hours.

3) Treat HL-60 cells with 4 ug/ml camptothecin for 4 hours.

4) Treat HL-60 cells with 1 uM staurosporine for 4 hours.

2. Fixation and Permeabilization

2.1 Remove cell media.
2.2 Add 100 pL/well/96-well plate of 4% formaldehyde fixative buffer (not supplied) to each well.

Note: For non-adherent cells, add desired amount (such as 2 x 106 cells/mL) of 4% formaldehyde fixative buffer.

2.3 Incubate plates for 20 to 30 minutes at room temperature.
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2.4 Remove fixative.
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Optional: add 100 pL/well/96-well plate of the permeabilization reagent (0.2% Triton X-100 in PBS, not supplied) after the fixation
if needed, and incubate the plate for 10 minutes at room temperature.

2.5 Wash the cells with PBS 2-3 times.

Optional: You may also prepare a positive control for TUNEL reaction using DNAase | by digesting cells with DNAase | for 30 min
at room temperature before proceed to TUNEL reaction (Step 3)

3. TUNEL reaction

3.1 Prepare reaction mixture just before use based on the number of samples to be assayed:

Reaction Components Volume Per Well

100X TF3-dUTP 0.5uL
Reaction Buffer 50 uL
Total volume 50.5uL

Note: Each cell line should be evaluated on an individual basis to determine the optimal cell density.
3.2 Add 50 uL of the reaction mixture (from Step 3.1) to each well or tube and incubate at 37°C for 60minutes.

3.3 Remove the reaction mixture, and wash the cells 3-5 times with 200 uL/well of PBS.

4. Monitor the fluorescence intensity by fluorescence microscope, flow cytometer, or fluorescence microplate reader at EXEm =
550/590 nm.

5. Optional: Stain the nucleus with 1X Hoechst (Component C, Ex'Em = 350/460 nm) for image analysis.
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Figure 1. Apoptosis analysis in Hela cells using TUNEL Apoptosis Assay Kit. Hela cells at 30,000 cells/100uL/well were treated with 1
UM staurosporine for 4 h (Red) while un-induced cells were used as a control (Blue). Cells were incubated with reaction mixture for 1

hour at 37°C. The Fluorescence was measured at Ex’Em = 550/590 nm (cut off at 570 nm) with a Flex Station microplate reader
using bottom read mode.

2. Fluorescence Microscope Sample Data:

A.Control B. 2 hours C. 4 hours
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Figure 2. The Fluorescence imagining indicated the increase in TUNEL reaction with the addition of 1 uM staurosporin for 2h (B) or
4h (C) compare to control (A) in Hela cells. Cells were incubated with reaction mixture for 1 hour at 37°C. The Fluorescence intensity

of the cells (30,000 cells/ 100 pL per well) was analyzed under a fluorescence microscope with a TRITC channel. DNA strand breaks
are shown as more intense fluorescent staining spots in cells treated with staurosporin.

[F=REMT]

MRRTE A AT, SEUE—L DNA MYIES, XA YIEESTIMTZ MBI EEZE DNA, SRR E AR DNA BIBERR. X ThPEAEIE
BESHENE, LN EKERN DNA FEEZ% 180 bp-200 bp HIEEH(E, RIVAGHISHERITEXh SIS HEEIX Ladder
B, M ATETHEE DNA FEITHE KM, ATLLL T 180-200bp A DNA ladder. £ [F4H DNA BZiEt, HEMY 3-OH AT LUFE R iwmAR
S EBER4E #5B8(Terminal Deoxynucleotidyl Transferase, TdT)BU4# (& T~ N _E 4R & 3K #R $H(SF488)FRiC B dUTP(fluorescein-dUTP), iX
2 TUNEL(TdT-mediated dUTP Nick-End Labeling);£ & 08 YR ER . 488-dUTP #RiCHY DNA FILARRK BMRE RN RN
HRARXAMES. TUNEL SERTLOUEEMARNE T 4B, MAERIE 4k ERRMAMETTMIEMA DNA SERTRAI M.

TUNEL 3&eh, TdT BEfE{L dUTP 3B ABTZLAY DNA $%8Y 3-OH Kifi. HUEFRCH dUTP (30 digoxin-dUTP. “£4J%&-dUTP),
EATAUEZERITREMEN, 2—HMERE, HEENRNIFE.

[R5 ]
PR RS FEaiB R a% ax
Mf276-A TUNEL Equilibration Buffer 1mL 5mL
Mf276-B TUNEL Reaction Buff 0.5mL
6 U eaction Buffer 5%0.5 mL
Mf276-C TdTE 20 L
nzyme H 100 pL
Mf276-D Protei K (2 mg/mL 20 uL
roteinase K (2 mg/mL) v 100 L
Mf276-E DNase | (2 U/uL) 2.6 uL 13 uL
Mf276-F 10 x DNase | Buffer 52 uL 260 uL
CEEsEm]

1) FORERHFEERED, REMEALTEFEREFER., LIBERER.
2) TUNEL Equilibration Buffer #1 TUNEL Reaction Buffer 174 Sodium cacodylate trihnydrate F1Cobaltous chloride, {3 BHiE
MEOE. FE, BEMEKE, BAERENHNRE, RRESRESMRLE.
3) AFmXRTFELARMBEZERRA, TEATRKZHE AT, T1EATAEREAR, TEERTEBEEN.
4) ATENREMNER, BFEIWRHB X EFERE.
[B&#MH]
PBS %k (pH~7.4); 4%ZEHEE (inPBS); HIMIEBER (BSA) RIEEME. FME; 70%ZEE (Bik); BRIEAEF (A
YR HEARD
[EEA7FE]
—. HREER:

1. AR REES:
1) AIiE: HEE—HIAMTEER (MARS TdT EATUNEL &R5ED .

2) PBS &it4mBEAEIR .
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3) YHREEIE: MAEE 4% ZERE(pH 7.4)A%, 4°C & 30 min .

4) PBS &TABEAR.

5) BIELHRE: AR EFUAH) 70%Z 82, #E-20°CiEE 4 h. fPEEETE 70%ZEEH-20°CHIE G TN RE— .. S E M BECH|F PBS
FfY 0.2% Triton X-100 Fi&EIE, ERME 20 min .

6) PBS &itMmAEAIR.

2, AERARNRRES:

1) ZETHZREXZEAMARY R 2 X, 8K Smin, UBKBREAY. 7. ZFRXEE, S5HF%, BEEENEPHTIARE
2) ERT, BUIRABERRRTRKZESRR 2 X, 88X 5min,

3) FRET, BYRHAEZREERRREHENZE (95%. 90%. 80%. 70%) #, FMKEZERE®L 1 X, IR 5min.

4) ZRT, BURRRTHEKPERER 10X, 8K 3min, BRIIFRRT 1xPBS HFH% 1 X, X 3min, BEKNMORTFIIA
HAREEZ RiRF.

5) AREAYEATREARBRRSHERRER, UETHRESHFC.

6) 1% 1:100 BILLHI, 4% 2 mg/mL B9 Proteinase K A& 1 x PBS #f%, FHLKREH 20 ug/mL. B MEEAR LM 100 uL #%%
4FE4 Proteinase K i85, ERRBEL AR, =RMIHE 20 min. (Proteinase K FINF &R, iRE EiRIBTRE 2K BILA DM A
T

*: EAEE K TUEISEALY, PEKBERETRSBYIARE, FUERKLFFEEKE. FHE—8&% 10~30 min, 4pm £
HWHEFILLA 10 min, {8 30 ym £HWTA 30 min, ZKSER. TEERBFEEBR.

7) PBS Zi@FERVIAFIR, B8R 5min, AEAREZRIGE, BLBFNHESBEEERRFEE. T X—P»HItELRE K
HETE, BNSTmETHEENIRERE.

3\ KHEALY R HRAES:

1) BKEVRHETERMAELE, =R 20 min, BEF.

2) BHIFRRE 4% RBMARR (in PBS) 1, FEREZE 30 min.

3) PBS FiEFARVIFAXR, ®IX 5min.

4) RELKNOIRTEIE R EEFARE BRI .

5) 1% 1:100 BIELHI, 4% 2 mg/mL &9 Proteinase K A& 1 x PBS #f%, FHLKREH 20 ug/mL. B MNEEAR LM 100 uL #%%
g?ﬂr{;gtiinaseK Bk, FAGBESIMAXE, =EMES 10min. Proteinase K MIIEERTE., BEERBARIXKIALFEAR

¥ EAE K TUHMEEAY, BEKHEHETERIBIABE, RUEREEFEREKE. FE—H#% 10~30 min, 4pym X
GRRFARILLA 10 min, {B 30 ym £AMATA 30 min, FRERENE. KB TEEFRIBELR

6) PBS RIEFRMAAR, 88X 5min, MEBRRESRNRE, HLEFHERBEESHRIFEHE,

4, PAMAE(FAMREITISER, Rib#mERET TUNEL RESER)

1) 4% 1:10 BYELBIA ddH20 4% 10 x DNase | Buffer #5%%a% 1 x DNase | Buffer % .

2) &M 100 pL 1 x DNase | Buffer ZIE@ERIHEAL, ERTHE 5min,

3) A 1xDNase | Buffer 1 1:100 #%% DNase | (2 U/uL), fEERZLKRE 20 UmL B TER.
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4) BRIRIEL KA, M 100 uL JREXR 20 U/mL DNase | T1Ei%, =:E|E 10 min.

5) BRREZRIRE, PBS Fitkm 2 X

= 3§l TUNEL #5005 :

1. FscElHl TUNEL RECRER: BMEAZTEEMA 1 uL TdT B§AY 50 uLTUNEL RN H&.

SR ARE L ° °
Mf276-C TdT BgiA A& (uL) ! ° °
Mf276-B TUNEL Reaction Buffer (uL) 50 250 %00

2. BMEARMA 100 pL TUNEL E&E05%, 58 5 min.
3. FEPEENR, REKNMORETNAHERBENZRRIE, SNMEARMA 50 pL TUNEL RERE K.
a)bEEimpE, AEWAFEEPRSBEMRA. 37°CELTEE 60 min.

b) BF4HAE, AMAMFLRS, RAMFLRIKZRHTHESER 15 min BEMNRZRNE, BRI RE. 37°CEXFE 60

min.
CHALAMAR, AZSWAFEMGNSBERER. BHAXERTEER, 37°CIEREREE 2 b, BEEBHE—KSVEKLD
IREFEE . 37°CREEEE 2 h.
4, EHRNK, £ 1xPBS HIZGEIHRMERE 2 &k, 84X 5min. BEAEEEGT PBS 8 0.1% Triton X-100, HH& 5
mg/mL BSA HEMBEFRFER 3 IR, BIX 5min, LIEREER.
5. (A[iE) 8% B MEAREMRES 2 ug/mL B9 DAPI 245%, BEX=BEE 10 min. #B%E, BREELER, FHIGHAKRE 1xPBS
HSSEEE 3 R, B 5 min.

6. (L) FhH: BYIBEHEARLLEKZRE 5min, BEA 70%ZELE% 5min, 5 80%ZEERE 5min, 90%ZEER& 5 min, 95%
ZE22% 5min, TIKZEERR 5min, REBVIFHARE FLREEFIAFIHN_RRZMEMPLLIE 28, 8K 5min. GEXEF
BIE). BkERE, BRYFBENKRE, BMIFHEAREN 50 L \URAERFHR, =LEHF, BETHIRERREEH
B, EBRSEUFEHRTS,

7. ARARHIRSRNXAMUNE . 217, F6013-B B—FRBILRAE, HEARKK. KFKKDAA 485nm, 515 nm(EATLHAE
R ##ric ERARMGF GRS, ZBMAN TdT BERIBAM 3T BRAFARMIRID LIRH).
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