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Tools for Apoptosis

• Annexin V Conjugates 
(Alexa Fluor dyes, RPE, 
APC)

• Vybrant® Apoptosis Kits 
(annexin, viability, 
vitality) 

• MitoTracker® Dyes
• Caspase Substrates
• TUNEL

Fixed HeLa cells
anti-cytochrome c

Alexa Fluor 488–goat anti-mouse IgG

Untreated 4 Hour Staurosporine
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Detectable Cellular Changes During Apoptosis?

• Cytochrome c translocation: mitochondrial transition 
pore assay

• Mitochondrial function: JC-1, MitoTracker® Red dye, 
DiOC2(3), DiIC1(5)

• Membrane structure: annexin V, YO-PRO®-1 dye
• Proteolysis: caspase activity
• Cellular metabolism: C12-resazurin
• Membrane integrity: propidium iodide, SYTOX® Green 

dye
• DNA fragmentation: Hoechst dyes, TUNEL
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Mitochondrial Transition Pore Assay
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Mitochondrial Transition Pore Assay

Live BPAE cells labeled with Calcein AM, MitoTracker® Red dye, and Hoechst 33342
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MitoTracker® Red CMXRos Dye
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40 nM MitoTracker Red CMXRos

+ 100 µM CCCP

MitoTracker Red CMXRos

488 nm & 633 nm Excitation
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JC-1
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2 µM JC-1
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JC-1: Change after hydrogen peroxide

NIH 3T3 mouse fibroblasts + JC-1
Progressive loss of red J-aggregate 
fluorescence and cytoplasmic diffusion of 
green monomer fluorescence following 
exposure to hydrogen peroxide 
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Other Cyanine-based Membrane Potential Dyes
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DiIC1(5)

+100 µM
CCCP Untreated

DiIC1(5)

DiIC1(5) on MRC5 cells

50 nM DiIC1(5)

633 nm Excitation
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Annexin V-APCDiOC2(3) red
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Other Cyanine-based Membrane Potential Dyes

DiOC2(3)

DiOC2(3) on 
HeLa cells

50 nM DiOC2(3)

488 nm & 633 nm Excitation
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Vybrant® Apoptosis Kit #10

4 hours

Necrotic

Annexin V-APC SYTOX Green Dye
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Jurkat Cells: Time After Camptothecin Induction
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Annexin V-Alexa Fluor 488 dye (530BP)

Annexin V-APC (661BP)488 nm & 633 nm Excitation

488 nm Excitation
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Annexin V-APC (661BP)

Jurkat Cells: Time After Camptothecin Induction

488 nm & 633 nm Excitation

488 nm & 633 nm Excitation

Annexin V-APC (661BP)



15

30 minutes 1 hour 2 hours 3 hours

M
ito

Tr
ac

ke
rR

ed
 C

M
XR

os
dy

e 
(6

10
BP

)

Mitochondrial Transition Pore Assay (525BP)

M
ito

ch
on

dr
ia

l T
ra

ns
iti

on
 

Po
re

 A
ss

ay
 (5

25
BP

)

Annexin V-APC (661BP)

Jurkat Cells: Time After Camptothecin Induction

488 nm Excitation

488 nm & 633 nm Excitation



16

30 minutes 1 hour 2 hours 3 hours

D
iIC

1(
5)

 (6
61

BP
)

Propidium Iodide (670LP)

D
iIC

1(
5)

 (6
61

BP
)

Annexin V-Alexa Fluor 488 dye (530BP)

Jurkat Cells: Time After Camptothecin Induction

488 nm & 633 nm Excitation
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Timeframes within Camptothecin / Jurkat Model

• Before annexin V binding
– DiIC1(5), DiOC2(3), MitoTracker Red CMXRos dye detect dim 

annexin V-negative populations
• Concurrent with annexin V binding

– DiIC1(5), DiOC2(3), MitoTracker Red CMXRos dye show bright and 
dim annexin V-positive populations

– JC-1 & mitochondrial transition pore assays decreases as annexin 
V staining increases

– Caspase activity increases after annexin V-positivity; 
– C12-resazurin activity decreases after annexin V-positivity.

• After loss of membrane integrity
– DiIC1(5) shows a dramatic crash after membrane integrity fails
– Resazurin activity shows a further drop at least concurrently with 

the failure of membrane integrity
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Summary

• Mitochondrial activity appears to change in parallel 
with cytoplasmic and plasma membrane events, 
although not in “lock step”

• Reagents that signal changes in mitochondrial activity 
can detect early stress 

• Reagent combinations can provide a window on 
intracellular processes not available with the much-
used pairing of annexin V and propidium iodide



20

Acknowledgements

Flow Cytometry Group
• Jolene Bradford 
• Gayle Buller 
• Bill Godfrey

Cell Biology Group
• Mike Janes
• Jerrod Salisbury


