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Fluorescent Magnesium Indicators

Introduction
Intracellular magnesium is important for mediating enzymatic 

reactions, DNA synthesis, hormone secretion, and muscle con-
 trac tion. Molecular Probes offers several different fluorescent 
indicators based on the tricarboxylate APTRA chelator for in ves -
ti gat ing the influence of intracellular Mg2+ concentration on these 
pro cess es and other cellular functions. They include furaptra,1,2 
which we refe r to as mag-fura-2 to denote the sim i lar i ty of its 
struc ture and spectral response (Figure 1) to the Ca2+ in di ca tor 
fura-2; mag-indo-1, with a structure and spectral re sponse like 
that of indo-1; and mag-fura-5. For applications such as con fo cal 
laser scan ning mi cros co py or flow cytometry, we offer a series of 
long wave length–excitable Mg2+ indicators, including mag-fluo-4 
and Magnesium Green™. The long wave length–excit able in di -
ca tors ex hib it Mg2+-dependent flu o res cence increas es without an 
ac com pa ny ing spectral shift (Figur e 2).

Molecular Probes  ̓Mg2+ indicators are sensitive to Mg2+ con-
 cen tra tions from 0.1 to 10 mM. In tra c el lu lar free Mg2+ lev els 
have been re ported to be about 0.3 mM in syn ap to somes,3 
0.37 mM in hepa to cytes, 4 and 0.5 to 1.2 mM in car di ac cells.5 
Nor mal serum Mg2+ lev els are 1.5 to 2.0 mM. Phys i o log i cal 
chang es in con cen tra tions of in tra c el lu lar magnesium are small-
er and slower than cal ci um flux es and are con se quent ly more 
dif fi cult to mea sure accurate ly.6 APTRA-based in di ca tors also 
bind Ca2+ with high affin ity (Ta ble 1), with a spectral response 
that is al most in dis tin guish able from that of Mg2+. In ter fer ence 
with Mg2+ mea sure ments due to Ca2+ binding becomes sig nif i cant 
when Ca2+ con cen tra tions ex ceed about 1 μM.7,8 The Ca2+-
sen si tiv i ty of APTRA-based in di ca tors can be ex ploit ed for 
detecti ng in tra c el lu lar calcium levels in the micromolar range that 
would saturate the re sponse of indicators such as fura-2. Such 
elevate d cal ci um lev els are as so ci at ed with activatio n of smooth 

mus cle,9 neu rons, and in tra c el lu lar cal ci um stores.10 Fur ther more, 
because APTRA-based in di ca tors have high ion dis so ci a tion 
rates, they are more suit able for track ing rapid Ca2+ flux ki net ics 
than indicato rs with K

d
 (Ca2+) <1 μM.9,11

Storage and Handling
Upon receipt, the salt form indicators should be stored at 

≤–20ºC, desiccated, and protected from light. Stock solutions 
may be prepared in distilled wa ter or aqueous buffers. These solu-
tions should be stable for at least six months if stored frozen and 
protected from light.

Acetoxymethyl (AM) esters are susceptible to hydrolysis and 
should be stored at ≤–20°C, desiccated, and protected from light. 
When stored properly, they are expected to be stable for at least 
six months. The AM esters should be reconstituted in dim e th yl -
sul fox ide (DMSO). Concentrations of about 1–5 mM (molecu-
lar weights are given in Table 1) are generally suitable for these 
stock solutions. Once prepared, it is preferable to use DMSO 
stock solutions as soon as possible to avoid decomposition and 
a resulting loss of abil i ty to load cells. Stock solutions of AM 
es ters should be stored fro zen, desiccated, and protected from 
light. Because the integrity of AM esters is primarily dependent 
on min i miz ing their exposure to water, the use of high-quality 
an hydrous DMSO is rec om mend ed. AVOID REPEATED 
FREEZ ING AND THAWING OF DMSO STOCK SO LU TIONS.

Figure 1. Fluorescence excitation response of mag-fura-2 to in creas ing magnesium 
con cen tra tions. 

Figure 2. Fluorescence emission response of mag-fluo-4 to increasing mag ne sium 
concentrations.
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Properties
A summary of the chemical and spectroscopic properties of 

Molecula r Probes  ̓magnesium indicators is presented in Table 1. 
In gen er al, the ion-binding affinities of fluorescent ion indicators 
can vary markedly depending on environmental factors such as 
pH, tem per a ture, ionic strength, protein binding, and viscosity, 
such that the effective K

d
 inside a cell may be somewhat differ-

ent from that de ter mined in vitro.9 There are several published 
com par i sons of in tra c el lu lar and solution K

d
 (Mg2+) values for 

mag-fura-2.7,12 

Applications

Cell Loading with AM Esters

The following protocol for loading cell-permeant AM esters 
of Mg2+ indicators is representative of those reported in the lit-
 er a ture. Optimal loading conditions may vary and must be de ter -
mined empiri cally for each cell type. Loading temperatures range 
from room temperature to 37°C; higher temperatures pro mote 
more rapid load ing and lower temperatures tend to min i mize 
com part men tal iza tion of the dye. The detergent Pluronic® F-127 
is sometimes used to pro mote dispersion of the AM ester in the 
loading buff er.

Materials Required

• Cell incubation medium: any appropriate physiological 
medium  may be used, e.g., 120 mM NaCl, 20 mM HEPES, 
4.7 mM KCl, 1.2 mM KH

2
PO

4
, 1.2 mM MgSO

4
, 1.25 mM 

CaCl
2
, 10 mM glu cose, pH 7.4.

• Indicator stock solution: AM ester derivative of the Mg2+ 
in di ca tor at 1–5 mM in high-quality anhydrous DMSO.

• Pluronic F-127 (optional) available from Molecular Probes 
in three forms: 1 mL of a 20% (w/v) solution in DMSO 
(P3000MP), 30 mL of a 10% (w/v) solution in water (P6866) 
and 2 g solid (P6867).

1. Preincubate cells for 10 minutes at the required temperature 
(25–37°C) to allow stabilization and equilibration of ion gra di ents.

2. Prepare a dispersion of the AM ester by vigorously mixing 
4 μL of indicator solution and (optionally) 5 μL of 20% (w/v) 
Pluronic F-127 in 1 mL of medium.

3. Add 0.25 mL of this dispersion per 0.75 mL of cell con tain ing 
medium. Mix well. This will give a final concentration for the 
indica tor of 1–5 μM, depending on the initial stock con cen tra tion.

4. Continue incubation 15–60 minutes as required.

5. Wash the cells three times in the required final incubation 
mediu m and and then incubate for a further 30 minutes to allow 
com plete de-esterification of intracellular AM esters before 
com menc ing fluorescence measurements.

Response Calibration
Calibration methods for Mg2+ indicators are generally similar 

to those required for Ca2+ indicators.13,14 Note that the as sump tion 
is made that all the indicator is de-esterified and available for ion 
bind ing. The calibration consists of fluorescence mea sure ments 
for the completely ion-free and completely ion-sat u rat ed in di ca tor 
rel a tive to externally controlled Mg2+ con cen tra tions. In tra c el lu lar 
cal i bra tion may be achieved either by re leas ing the in di ca tor into 
the sur round ing medium via de ter gent lysis of the cells (digitonin 
is com mon ly used) or by ma nip u lat ing the intra cellular Mg2+ 
using an ionophore without re leas ing the in di ca tor. Ratioable 
indicators like mag-fura-2 and mag-indo-1 may also be calibrated 
in cell-free so lu tions, al though calibration in situ is pre ferred 
since the Mg2+ affinity of the indicator may be de pen dent on the 
cytosolic environment (see Properties). The ion o phore A-23187 
(A1493) or the non fluo rescent 4-bromo A-23187 (B1494) are 
preferred over ionomycin for Mg2+ cal i bra tions since they trans-
port Mg2+ more ef fec tive ly.1,12 Solutions used to cal i brate magne-
sium indicators should be initially free of heavy met al ions such 
as manganese that can interact with the mag ne sium indicators. 
These can be removed by treatment of so lu tions with the divalent 
cation ch e la tor TPEN (T1210).

Table 1. Chemical and spectroscopic properties of magnesium indicators.

Indicator MW* Zero Magnesium High Magnesium Kd (Mg2+)
(mM)

Kd (Ca2+)
(µM)

Salt AM λA † 
(nm)

� � max ‡
 (cm-1 M-1)

λ λ F § 
(nm)

λ λ A † 
(nm)

� � max ‡
(cm-1 M-1)

λ λ F § 
(nm)

mag-fura-2 587  723 369 22,000 511 330 24,000 491  1.9  25

mag-fura-5  737 369 23,000 505 332 25,000 482  2.3  28

mag-indo-1 595  731 349 38,000 480 330 33,000 417  2.7  35

mag-fluo-4 682  818 490 74,000 NA** 493 75,000 517  4.7  22

Magnesium Green™ 916  1026 506 77,000 531 506 75,000 531  1.0  6

mag-rhod-2  845 547 68,000 NA** 549 69,000 577 ND  70

mag-X-rhod-1  949 575 82,000 NA** 578 82,000 603  10.7  45

* Molecular weight. † Absorption maximum. ‡ Molar extinction coefficient. § Fluorescence emission maximum. Spectroscopic data and Kd (Mg2+) values measured at 22°C 
in 115 mM KCl, 20 mM NaCl, 10 mM Tris, pH 7.05, with 0 mM (“Zero”) to 35 mM (“High”) Mg2+. ** Fluorescence of ion-free indicator is extremely weak; ND = not 
determined; NA = not applicable.
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For indicators exhibiting ion-dependent spectral shifts, such 
as mag-fura-2 and mag-indo-1, the K

d
 value (or the Mg2+ con-

 cen tra tion if K
d
 is known) can be obtained from the following 

equa tion:

 
[Mg ]   

2+ =
−

−
K Q 

(R R )

(R R)
d

min

max   

where R represents the fluorescence intensity ratio (F
λ1

/F
λ2

) in 
which λ1 and λ2 are the fluorescence detection wavelengths for 
the ion-complexed and free indicator, respectively. Ratios cor-
responding to the titration end points are denoted by subscripts 
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Product List  Current pric es may be ob tained from our Web site or from our Customer Service Department.

Cat # Product Name Unit Size
A1493 A-23187 free acid  (calcimycin) ...................................................................................................................................................................... 10 mg
B1494 4-bromo A-23187, free acid ............................................................................................................................................................................ 1 mg
M1290 mag-fura-2, tetrapotassium salt  *cell impermeant* ...................................................................................................................................... 1 mg
M1291 mag-fura-2, AM  *cell permeant* ................................................................................................................................................................... 1 mg
M1292 mag-fura-2, AM  *cell permeant*  *special packaging* ................................................................................................................................. 20 x 50 µg
M1295 mag-indo-1, AM  *cell permeant*  *special packaging* ................................................................................................................................. 20 x 50 µg
M14205 mag-fluo-4, tetrapotassium salt  *cell impermeant* ....................................................................................................................................... 500 µg
M14206 mag-fluo-4, AM  *cell permeant*  *special packaging* .................................................................................................................................. 10 x 50 µg
M14214 mag-rhod-2, AM  *cell permeant*  *special packaging* ................................................................................................................................ 10 x 50 µg
M14216 mag-X-rhod-1, AM  *cell permeant*  *special packaging* ............................................................................................................................. 10 x 50 µg
M3105 mag-fura-5, AM  *cell permeant*  *special packaging* ................................................................................................................................. 20 x 50 µg
M3733 Magnesium Green™, pentapotassium salt  *cell impermeant* ....................................................................................................................... 1 mg
M3735 Magnesium Green™, AM  *cell permeant*  *special packaging* ................................................................................................................... 20 x 50 µg
M6890 Magnesium Orange™, tripotassium salt  *cell impermeant* .......................................................................................................................... 1 mg
T1210 tetrakis-(2-pyridylmethyl)ethylenediamine  (TPEN) ........................................................................................................................................ 100 mg

in di cat ing the minimum and maximum ion concentration. Q is 
the ratio F

min
/F

max
 at λ2 and K

d
 is the dissociation constant for the 

ion-in di ca tor complex.
For indicators such as mag-fluo-4, Magnesium Green™, 

mag-rhod-2 and mag-X-rhod-1 K
d
 may be determined using the 

fol low ing equation, in which F denote s fluorescence intensity 
mea sured at a single wavelength:

  
[Mg ]    

2+ =
−

−
K  

(F F )

(F F)
d

min

max

In the above equations, note that values of F are dependent on the 
concentration of indicator, whereas values of R are not.
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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 Paisley, United Kingdom. All others should contact our Technical Service Department in Eugene, Oregon.

Please visit our Web site — probes.invitrogen.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 • probesorder@invitrogen.com

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

Technical Service: 8:00 am to 4:00 pm (Pacific Time)
Phone: (541) 335-0353 • Toll-Free (800) 438-2209 
Fax:  (541) 335-0238 • probestech@invitrogen.com

Invitrogen European Headquarters
Invitrogen, Ltd.
3 Fountain Drive
Inchinnan Business Park
Paisley PA4 9RF, UK
Phone: +44 (0) 141 814 6100 • Fax: +44 (0) 141 814 6260
Email: euroinfo@invitrogen.com
Technical Services: eurotech@invitrogen.com

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 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 probesbusdev@invitrogen.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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