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Caged Nucleotides

Introduction
Caged nucleotides are nucleotide analogs in which the termi-

 nal phosphate is esterified with a blocking group, rendering the 
mol e cule biologically inactive (Figure 1).1-3 Ultraviolet pho tol y sis 
of the caging group results in a rapid and highly localized release 
of free nucleotide at the site of illumination. Molecular Probes  ̓
cur rent selection of caged nucleotides includes the fol low ing 
com pounds:

�    Caged ATP (A-1048, A-1049) which has been widely used to 
investigate the molecular basis of skeletal muscle fiber con-
traction 4, 5 and the mechanism of ATPases 6,7 and oth er �mo-
 lec u lar motors�.3 Additional applications include ac ti va tion of 
cellular P2X purinoreceptors 8 and calibration of luciferase-
based ATP as says.9

�    Caged ADP (A-7056), which is frequently employed in 
tandem with caged ATP in investigations of skeletal muscle 
con trac tion, as well as for analysis of ADP/ATP transport by 
car ri er pro teins.10

�   Caged cAMP (D-1037, N-1045), which is cell-permeant, 
allowing controlled release of intracellular cAMP.11

�    Caged GTP-γ-S (G-1053), which produces sustained ac tiva -
tion of G-protein coupled signaling pathways after photo lysis.12

Materials
Caged nucleotides are supplied as solids in units of 5 mg, with 

the exception of G-1053 (1 mg unit). All these products should 
be stored frozen at �20°C, desiccated and PROTECTED FROM 
LIGHT.

Stock Solutions
Stock solutions (≥1 mM) may be prepared in the solvents 

list ed below.

A-1048 aqueous buffer
A-1049 aqueous buffer
A-7056 aqueous buffer
N-1045 dimethylsulfoxide (DMSO)
D-1037 DMSO
G-1053 aqueous buffer

Properties
Because caged ATP is typically added to experimental spec-

 i mens at relatively high concentrations, use of the enzyme apy-
rase has been recommended to eliminate any traces of free ATP 
that may be present in caged ATP samples.13 Once the caged 
ATP solutions have been preincubated with apyrase, the enzyme 
can be re moved by centrifugal filtration. Chromatographic pu ri -
fi ca tion to remove contaminating ADP may also be necessary for 
some ap pli ca tions.3

With the exception of caged cAMP, caged nucleotides are 
gen er al ly cell impermeant and must be microinjected into cells 
or loaded by other invasive techniques. Staphylococcal α-toxin 
has been used to permeabilize smooth muscle cells to fa cil i tate 
in tro duc tion of caged nucleotides including NPE-caged ATP and 
caged GTP-γ-S.14

Photoactivation
Photoactivation (uncaging) of these compounds is ac com-

plished by exposing them to ultraviolet light (wavelengths 
≤360 nm). Suitable light sources include lasers,15,16 flash   -lamps 17 
and suitably equipped fluorescence microscopes.18,19 A list ing of 
com mer cial suppliers of instrumentation spe cif i cal ly de signed for 
pho tol y sis of caged compounds is shown in Ta ble 1.

Figure 1. Structure of NPE-caged ATP.
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Table 1. Some suppliers of in stru men ta tion for photolysis of caged compounds.

Company Location Web site

Cairn Research Ltd. Faversham, UK www.cairnweb.com

Intracellular Imaging, Inc. Cincinnati, OH, USA www.intracellular.com

Fryer Company, Inc. Huntley, IL, USA www.fryerso.com/prairie

Hi-Tech Scientific Salisbury, UK www.hi-techsci.co.uk

Photonic Instruments, Inc. Arlington Heights, IL, USA www.photonic-instruments.com

Rapp OptoElectronic Hamburg, Germany www.rapp-opto.com

T.I.L.L. Photonics Martinsried, Germany www.till-photonics.com

Prairie Technologies, LLC Middleton, WI, USA www.prairie-technologies.com

Prod uct List  Current pric es may be ob tained from our Web site or from our Customer Service Department.

Cat #             Product Name                                                                                                                                                                                 Unit Size
A-1049            adenosine 5′-triphosphate, P 3-(1-(4,5-dimethoxy-2-nitrophenyl)ethyl) ester, disodium salt  (DMNPE-caged ATP) .......................................         5 mg
A-1048            adenosine 5′-triphosphate, P 3-(1-(2-nitrophenyl) ethyl) ester, disodium salt (NPE-caged ATP).....................................................................         5 mg
A-7056            adenosine 5′-diphosphate, P 2-(1-(2-nitrophenyl) ethyl) ester, monopotassium salt (NPE-caged ADP)..........................................................         5 mg
D-1037            4,5-dimethoxy-2-nitrobenzyl adenosine 3′,5′-cyclicmonophosphate  (DMNB-caged cAMP) ..........................................................................         5 mg
N-1045            1-(2-nitrophenyl)ethyl adenosine 3′,5′-cyclicmonophosphate  (NPE-caged cAMP)........................................................................................         5 mg
G-1053            guanosine 5′-O-(3-thiotriphosphate), P 3(S)-(1-(4, 5-dimethoxy- 2-nitrophenyl)ethyl) ester, triammonium salt 
                        (S-(DMNPE-caged) GTP-γ-S)..........................................................................................................................................................................         1 mg
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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 As sis tance Department in Eugene, Oregon.

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

Molecular Probes, Inc.
29851 Willow Creek Road, Eugene, OR 97402
Phone: (541) 465-8300 • Fax: (541) 335-0504

Customer Service: 6:00 am to 4:30 pm (Pacific Time)
Phone: (541) 335-0338 • Fax: (541) 335-0305 • 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) 335-0353 • Toll-Free (800) 438-2209 
Fax:  (541) 335-0238 • 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 Eu ro pe an Time)
Phone: +31-71-5236850 • Fax: +31-71-5233419
eurorder@probes.nl

Technical Assistance: 9:00 to 16:30 (Central Eu ro pe an Time)
Phone: +31-71-5233431 • Fax: +31-71-5241883
eurotech@probes.nl

Molecular Probes’ products are high-quality reagents and materials intended for research pur pos es only. These products must be used by, or directl y under the 
super vision of, a tech nically qual i fied individual experienced in handling potentially hazardous chemicals. Please read the Material Safety Data Sheet pro vid ed for 
each prod uct; 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 prod ucts are not available for resale 
or oth er commercial uses without a specifi c agreement from Molecular Probes, Inc. We welcome inquiries about licensing the use of our dyes, trade marks or technolo-
gies. Please submit inquiries by e-mail to busdev@probes.com. All names con tain ing the des ig na tion ® are reg is tered with the U.S. Patent and Trade mark Offi ce.
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