
Nitric Oxide Indicators:  DAF-FM and DAF-FM DiacetateMP 23841

Revised:  16�May�2001

Product Information

Storage upon receipt:
� �20°C
� Desiccate
� Protect from light

Ex/Em:  495/515

Nitric Oxide Indicators:  DAF-FM and DAF-FM Diacetate
D-23841 DAF-FM (4-amino-5-methylamino- 2′,7′-difluorescein)
D-23842 DAF-FM diacetate (4-amino-5-methylamino- 2′,7′-difluorofluorescein diacetate)
D-23844 DAF-FM diacetate (4-amino-5-methylamino- 2′,7′-difluorofluorescein diacetate) *special packaging*

Introduction
DAF-FM (D-23841) and DAF-FM diacetate (D-23842)

represent two important new reagents for quantitating low con-
centrations of nitric oxide (Figure 1).  Developed by Kojima and
collaborators,1,2 these compounds are essentially nonfluorescent
until they react with NO to form a fluorescent benzotriazole
(Figure 2).  DAF-FM diacetate is cell-permeant and passively
diffuses across cellular membranes.  Once inside cells, it is de-
acetylated by intracellular esterases to become DAF-FM.  The
fluorescence quantum yield of DAF-FM is ~0.005, but increases
about 160-fold, to ~0.81, after reacting with nitric oxide.3  With
excitation/emission maxima of 495/515 nm, DAF-FM can be de-
tected by any instrument that can detect fluorescein, including
flow cytometers, microscopes, fluorescent microplate readers and
fluorometers.

Probably the most successful indicator for nitric oxide has
been 4,5-diaminofluorescein diacetate (DAF-2 diacetate),1,2 which
was also developed by Kojima and collaborators.  DAF-2 has been
used to identify individual nitric oxide–producing neurons in brain
slices,4,5 in mitochondria 6 and in living plant cells.7  Simultaneous
measurements of intracellular Ca2+ with fura-2 and nitric oxide
production with DAF-2 have been reported.8

The DAF-FM reagent has some important advantages over
DAF-2.  The spectra of the NO adduct of DAF-FM are indepen-
dent of pH above pH 5.5.3  Also, the NO adduct of DAF-FM is
significantly more photostable than that of DAF-2,3 which means
additional time for image capture.  Finally, DAF-FM is a more
sensitive reagent for NO than is DAF-2 (NO detection limit for
DAF-FM ~3 nM 3 versus ~5 nM for DAF-2 2).

Storage and Handling
Upon receipt DAF-FM (D-23841) and DAF-FM diacetate

(D-23841, D-23844) should be stored at -20°C, desiccated and
protected from light.

A ~7 mM stock solution of DAF-FM (MW = 412) can be
prepared by dissolving the entire contents of the vial in 0.35 mL
of high-quality anhydrous DMSO.

A ~5 mM stock solution of DAF-FM diacetate (MW = 496)
can be made by dissolving the 1 mg packaging (D-23841) in
0.4 mL of high-quality anhydrous DMSO or the 50 µg packaging
(D-23844) in 20 µL of high-quality anhydrous DMSO.

For long-term storage of the DMSO stock solutions, divide
the solution into aliquots in order to minimize freeze-thaw cycles.
These aliquoted solutions should be stable for at least six months.
Please allow the solutions to warm to room temperature before
opening.  Working solutions of these reagents should be prepared
immediately before use.  The diluted reagent should not be stored
for later use.

Application
Both the DAF-FM and the diacetate DMSO stock solutions

can be diluted into aqueous buffers.  Bovine serum albumin
(BSA) and phenol red may affect the fluorescence and should be
used with caution.  DAF-FM and DAF-FM diacetate are sold for
research use only.  They should not be used for in vitro diagnos-
tics.

Figure 1.  Fluorescence emission spectra of DAF-FM in solutions
containing zero to 1.2 µM nitric oxide (NO) radical.
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DAF-FM
The optimal dilution buffer and working concentration

should be determined empirically.  A suggested starting concen-
tration range is between 1–10 µM.

DAF-FM can be loaded into cells by pressure injection or
perfusion from a patch-clamp pipette.  With these methods it
is advisable to use a dead-cell stain, such as propidium iodide,
to identify cells that do not recover from the loading procedure.
Fluorescence excitation and emission maxima are 495 and
515 nm, respectively.  Because these wavelengths are very
similar to fluorescein, detection systems designed for fluorescein
or FITC can be used.

DAF-FM Diacetate
The following loading protocol is provided as an introductory

guide.  Optimal loading concentration, time and temperature
will need to be determined empirically.  In general, it is desirable
to use the minimum dye concentration required to yield fluores-
cence signals with adequate signal to noise ratios.  Subcellular
compartmentalization is usually lessened by lowering the incuba-
tion temperature.
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Figure 2.  Reaction scheme for the detection of nitric oxide (NO) by DAF-FM and DAF-FM diacetate.

1.1 Prepare viable cells in suspension or on a slide.

1.2 Dilute the DMSO stock solution into a suitable buffer.
A suggested starting concentration range is between 1–10 µM.

1.3 Incubate the cells with the diluted DAF-FM diacetate for
20–60 minutes at 4°C to 37°C.  Adherent cultures do not need
to be trypsinized for loading.

1.4 Wash the cells to remove excess probe.  Replace with
fresh buffer or medium, and then incubate for an additional
15–30 minutes to allow complete de-esterification of the intra-
cellular diacetates.

1.5 Fluorescence excitation and emission maxima are 495 and
515 nm, respectively.  Because these wavelengths are very simi-
lar to fluorescein, detection systems designed for fluorescein or
FITC can be used.

Product List  Current prices may be obtained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size

D-23841 DAF-FM  (4-amino-5-methylamino- 2′,7′-difluorofluorescein) .................................................................................................... 1 mg
D-23842 DAF-FM diacetate  (4-amino-5-methylamino- 2′,7′-difluorofluorescein diacetate) ...................................................................... 1 mg
D-23844 DAF-FM diacetate  (4-amino-5-methylamino- 2′,7′-difluorofluorescein diacetate)  *special packaging* ..................................... 10 x 50 µg
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Contact Information
Further information on Molecular Probes' products, including product bibliographies, is available from your local distributor or directly from Molecular

Probes.  Customers in Europe, Africa and the Middle East should contact our office in Leiden, the Netherlands.  All others should contact our Technical Assis-
tance Department in Eugene, Oregon.

Please visit our Web site � www.probes.com � for the most up-to-date information

Molecular Probes, Inc.
PO Box 22010, Eugene, OR 97402-0469
Phone:  (541) 465-8300 � Fax:  (541) 344-6504

Customer Service:  7:00 am to 5:00 pm (Pacific Time)
Phone:  (541) 465-8338 � Fax:  (541) 344-6504 � order@probes.com

Toll-Free Ordering for USA and Canada:
Order Phone:  (800) 438-2209 � Order Fax:  (800) 438-0228

Technical Assistance:  8:00 am to 4:00 pm (Pacific Time)
Phone:  (541) 465-8353 � Fax:  (541) 465-4593 � tech@probes.com

Molecular Probes Europe BV
PoortGebouw, Rijnsburgerweg 10
2333 AA  Leiden, The Netherlands
Phone:  +31-71-5233378 � Fax:  +31-71-5233419

Customer Service:  9:00 to 16:30 (Central European Time)
Phone:  +31-71-5236850 � Fax:  +31-71-5233419
eurorder@probes.nl

Technical Assistance:  9:00 to 16:30 (Central European Time)
Phone:  +31-71-5233431 � Fax:  +31-71-5241883
eurotech@probes.nl

Molecular Probes� products are high-quality reagents and materials intended for research purposes only.  These products must be used by, or directly
under the supervision of, a technically qualified individual experienced in handling potentially hazardous chemicals.  Please read the Material Safety Data Sheet
provided for each product; other regulatory considerations may apply.

Several of Molecular Probes� products and product applications are covered by U.S. and foreign patents and patents pending.  Our products are not
available for resale or other commercial uses without a specific agreement from Molecular Probes, Inc.  We welcome inquiries about licensing the use of our
dyes, trademarks or technologies.  Please submit inquiries by e-mail to busdev@probes.com.  All names containing the designation ® are registered with the
U.S. Patent and Trademark Office.

Molecular Probes has an agreement with Daiichi Pure Chemicals Co., Ltd., to manufacture and sell DAF-FM and DAF-FM diacetate.  These two products are
available in Japan only through Daiichi Pure Chemicals Co. and their authorized distributors.
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