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Fluorescein Digalactoside (F1179)

Introduction
Fluorescein di-β-D-galactopyranoside (FDG, F1179) is a 

fluo ro genic substrate for β-galactosidase.1 Nonfluorescent FDG 
is sequentially hydrolyzed by the enzyme,2-4 first to flu o res ce in 
monoga lactoside (FMG) and then to highly flu o res cent flu o -
res ce in (Fig ure 1). 

The K
M

 for FDG conversion to FMG has been determined 
to be approximately 18 µM,2,3 although much higher values 
(>600 µM) have also been reported.4 The turnover rate for hydro-
lysis of FDG to FMG (1.9 µmol min-1 mg-1) is much slow er than 
for con ver sion of FMG to fluorescein (22.7 µmol min-1 mg-1).3 
For com par i son, the K

M
 and turnover rate for 4-methylumbel-

liferyl ga lac to side (MUG, M1489) are approxi mately 270 µM 
and 120 µmol min-1 mg-1, respec tively. Low lev els of β-galactosi-
dase ac tiv i ty are readily detectabl e with FDG due to the superior 
spectral char ac ter is tics of flu o res ce in (max i mum extinction coef-
ficient of 90,000 cm-1M-1, flu o res cence quan tum yield of 0.92 at 
pH >8). These char ac ter is tics, togethe r with intracellular delivery 
tech niques describe d be low (see Ap pli ca tions), enable β-ga lac to-
si dase activity to be mea sured in sin gle cells using FDG.

Materials

Contents

Molecular Probes  ̓FDG is highly purified, resulting in 
min i mal background fluorescence levels (generally <30 ppm 
flu o res ce in equiv a lents). The product is typically a pale yellow 
crys tal line sol id. A dark yellow to orange color indicates the pres-
 ence of flu o res cent decomposition products due to spon ta ne ous 
hy drol y sis. 

Storage
FDG powder may be stored desiccated at ≤�20°C. FDG stock 

solu tions are usually more stable than the pow der. There fore it 
is ad vis able to prepare stock solutions as soon as the material is 
receiv ed.

Stock Solutions
Suitable stock solution concentrations for FDG (molecular 

weight = 657) are 20�200 mM. Solutions may be pre pared ei ther 
in dimethylsulfoxide (DMSO) or in DMSO/water mix tures 
(see below ). 

1.1 DMSO. The DMSO used should be anhydrous HPLC or 
spec tro pho to met ric grade. Solutions in DMSO will be slow to 
redissolv e after thawing and should be vortexed before use.

1.2 H2O/DMSO/ethanol. FDG is susceptible to hydrolysis and 
only minimally soluble in aqueous solutions. To minimize hy-
 droly sis and facilitate solution preparation, first add the FDG to 
a 1:1 mix ture of DMSO/ethanol � the FDG should readi ly dis-
 solve. Add the re sult ing FDG solu tion grad ually to an ap pro pri ate 
volume of ice-cold H

2
O to make an 8:1:1 H

2
O/DMSO/eth a nol 

solution. Stock solutions should be faint yel low in color. Store 
stock solu ti ons fro zen in suit ably sized aliquots (e.g. 15�20 µL), 
pro tect ed from light. When stored properly, FDG stock so lu tions 
are stable for at least six months.

Figure 1. Sequential hydrolysis of FDG to FMG and fluorescein by β-ga lac tosi dase.
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Applications
This section outlines several published applications of FDG. 

De tailed protocols can be obtained from the references cited.

Flow Cytometric Analysis of Mammalian Cells
The following procedures for using FDG to sort cells based on 

expression of the lacZ gene encoding β-galactosidase were orig-
 i nal ly described by Nolan, Herzenberg and co-work ers 5 and re-
fined in subsequent publications.6,7 Please refer to the note be low 
for in for ma tion regarding patents covering this ap pli ca tion. 

Prepare a 20 mM FDG stock solution as described in step 1.2. 
Dilute this stock 10-fold into sterile deionized water at 37°C. Mix 
the diluted FDG solution with an equal volume of cell sus pen sion 
in growth medium and incubate 1 minute at 37°C. The re sult ing 
hypotonic solution will permeabilize the cells, al low ing the FDG 
to enter. After 1 minute, dilute the sus pen sion at least 10-fold 
with ice cold growth medium. Main tain the sample at 4°C on ice 
for 30�60 minutes (see step 2.2) un til analysis. At 4°C, the leak-
 age of cleavage prod uct, flu o res ce in, from the cells is reduced 
more than 200-fold rel a tive to that at 37°C, whereas the enzymatic 
turn over rate is re duced only 10-fold.5 Due to the severe nature 
of this loading method, it is recommended that a marker for dead 
cells, such as 5 µM propidium iodide, be used to identify those 
cells that did not survive the procedure. The fol low ing points 
should be noted regarding quantitative in ter pre ta tion of fluores-
cence resulting from FDG hydrolysis in terms of β-galactosidase 
ac tiv i ty:

2.1 The fluorescence intensity per cell has a linear de pen dence 
on the intracellular substrate concentration. The in tra c el lu lar 
con cen tra tion of FDG produced by the above protocol has been 
es ti mat ed to be approximately 5 µM.7 This con cen tra tion may be 
var ied by adjust ing either the external FDG con cen tra tion (nom i-
nal ly 1 mM), the duration of the FDG in cu ba tion or the hy po -
tonic i ty of the load ing medium (note that increasing hypotonicity 
will compromise cell viability). How ev er, the loading of FDG 
by hypotonic permeabilization is sufficiently uniform for a given 
cell type that flu o res cence intensity variations from cell to cell 
re flect β-ga lac tosi dase ac tiv i ty and not variations in intracellular 
sub strate con cen tra tion.7

2.2 Because each cell contains only a finite amount of FDG, flu o -
res cence readings must be taken before the substrate is ex haust ed 
in order to be quantitatively related to β-ga lac tosi dase activity. 
In prac tice, this can be accomplished either by taking readings 
at pre cise ly controlled time points after sub strate load ing (which 
may be difficult in cells with very high lev els of β-gal acto sidase 
activity), or by use of the com pet i tive β-ga lac tosi dase inhibitor 
phenylethyl β-D-thiogalacto pyranoside (PETG, P-1692) to stop 
or slow the hydrol ysis re ac tion. PETG is effective at low con cen -
tra tions (K

i
 = 2.5 µM) and is membrane-permeant, even at 4°C.

2.3 The relationship between fluorescence intensity and intracell-
 ular β-galactosidase activity is nonlinear.6,7

Flow Cytometric Analysis of Bacterial Cells
Several researchers have reported the use of FDG for mea sur ing 

β-galactosidase activity in bacteria.8-10 Nir and co-work ers 8 en-
trappe d microcolonies of bacteria (E. coli) and yeast (S. cere visiae 
and C. pseudotropicalis) in 20 µm�di am e ter agarose beads. The 

mi cro or gan isms were permeabilized by treatment with 15% (v/v) 
iso pro pyl alcohol for 5 minutes at 37°C. The beads were then 
washed and incubated with 50 µM FDG for 1 minute at 37°C, 
fol lowed by cooling to 0°C for 30�60 minutes before flow cy-
tometry analysis. Russo-Marie and co-workers 9 load ed FDG into 
Myxococcus xanthus cells by ex po sure to hy per ton ic conditions 
(0.1 M NaCl) for 2 min utes at 4°C, fol lowed by 50-fold dilution 
into a hypot onic so lu tion con tain ing 1 mM FDG. After incubation 
for 1 minute, the cells were diluted again, 10-fold, into isotonic 
medium  at 4°C. It has been reported that the higher enzymatic 
turn over rate at 37°C outweighs the in creased leakage of flu o -
res ce in in the case of Salmonella en ter it i dis loaded with 150 µM 
FDG.10 In this case, the optimum in cu ba tion conditions for load-
ing were found to be 20 minutes at 37°C.

Fluorescence Microscopy
To visually identify lacZ-transfected adherent cells on tissue 

cul ture dishes, Angelotti and co-workers 11 used a mod i fied ver-
 sion of the hypotonic shock loading procedure de scribed above 
(see Flow Cytometric Analysis of Mam ma li an Cells). Cells were 
in cu bat ed in 50% phos phate-buff ered sa line (PBS) con tain ing 
1 mM FDG for 1 minute at 37°C and then trans ferred to ice-cold 
100% PBS. For detection of β-ga lac tosi dase ac tiv i ty in zebrafish 
em bry os,12 a 2 mM FDG staining so lu tion in 1:4 (v/v) DMSO/H

2
O 

was ap plied for 2.5 min utes at 33°C. Al ter na tive ly, the Influx� 
pinocytic cell-loading reagent pro vides a con ve nient, rapid and 
simple procedure for loading FDG into live cells. With the Influx 
reagent, FDG can be introduced into many cells simultaneously 
without significantly altering nor mal cell func tion. In general, the 
Influx reagent provides a more gentle cell-loading method than 
the typical cell-loading tech niques of mi cro in jec tion, electropora-
tion, hypotonic shock or scrape load ing, which are all physically 
disruptive to cells.

The Influx cell-loading technique is based on the osmotic 
ly sis of pionocytic ves i cles, a technique introduced by Okada 
and Rechsteiner.16 Brief ly, compounds to be loaded are mixed at 
high concentration with a hyperosmotic medium, allowing the 
ma te ri al to be carried into the cells via endocytosis. The cells 
are then transferred to a hypotonic medium, which results in the 
release of trapped ma te ri al from the pinocytic vesicles within the 
cells, fill ing the cytosol with the compound. Park and colleagues 
showed that endosomal compartments containing the hypertonic 
loading medium do not fuse with lysosomes.17 Therefore, materials 
in tro duced into cells by the Influx cell-loading techniques are not 
ex posed to ly so s o m al enzymes. Furthermore, lysosomal com po -
nents are not re leased into the cytosol as a consequence of the 
pro ce dure.

Fluorometric Assays
Measurement of lacZ gene fusion transcripts in patho gen ic 

bac te ria has been reported using FDG to fluoro metri cally de-
 ter mine β-galactosidase in cell extracts.5 Extracts were pre pared 
by in cu ba tion with 1% sodium dodecyl sul fate (SDS) and chlo-
 ro form, fol lowed by dilution into Z buff er (100 mM sodium 
phos phate, pH 7.0, 10 mM KCl, 1 mM MgSO

4
, 40 mM β-mer-

capto ethanol). Extract s were incubated with 0.7 mM FDG (add ed 
from a 43 mM stock solutio n in DMSO) and the re sult ing flu o -
res cence was recorde d as a func tion of time and com pared to a 
standard curve gen er at ed using purified β-ga lac tosi dase. 

FDG has also been used for enzyme-linked immunosorbent 
assay s (ELISA) of cell sur face antigens.16,17 Working FDG con-
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 cen tra tions required for this ap pli ca tion are 0.1�0.2 mM, with 
in cu ba tion times of 30 min utes at room tem per a ture 14 or several 
hours at 37°C 15 to allow development of the flu o res cence signal.

Important Note
Use of FDG for analyz ing gene expression regulatory el e -

ments and systems in viable cells according to U.S. Patent No. 
5,070,012 requires a license from the Office of Technology 

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
F1930              FluoReporter ® lacZ Flow Cytometry Kit  *50 assays*.....................................................................................................................................           1 kit
F1931              FluoReporter ® lacZ Flow Cytometry Kit  *250 as says*...................................................................................................................................           1 kit
F1179              fluorescein di-β-D-galactopyranoside (FDG)...................................................................................................................................................         5 mg
I14402             Influx™ pinocytic cell-loading reagent  *makes 10 × 5 mL*...........................................................................................................................          1 set

Licensing at Stanford University. Molecular Probes  ̓product 
F-1179 is not licensed  for this purpose. However, our 
FluoReporter ® lacZ Flow Cyto metry Kits (F1930, F1931) pro-
 vide FDG licensed  for use in conjunction with meth ods cov ered 
by this patent.

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 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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