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Fluorescent β-GalactosidaseGalactosidase substrates
Products Information
Name :

β-Galactosidase substrates Galactosidase substrates
sampler
Kit

Catalog Number :

FP-BM8400, 1 kit (M)
Contains:
Subst.
FDG #52476A, 5mg
Fluo.Std. Fluorescein #193659, 10mg
Subst.
Res-Galactosidase substrates Gal #524739, 10mg
Fluo.Std. Resorufin #954329, 10mg
Subst.
TFMU-Galactosidase substrates Gal #M11419, 10mg
Fluo.Std. TFMU #43476I, 10mg
Subst.
CUG #M11719, 10mg
This kit consists of samples of several of our most popular galactosidase substrates and their reference fluorophores
allowing multiplexed analysis of lacZ β-Galactosidase activity at a variety of wavelengths. This kit is perfect for those
occasions where the preferred wavelength of detection is under development.

β-Galactosidase substrates Galactosidase assay fluorescent reference standards
Reference standard
MW
cat.number
(g·mol-1)
Fluorescein
332.3
FP-19365A, 1g
(K)
TFMU
230.1
FP-43476A,
250mg
(K)
Resorufin
213.2
FP-95432A, 100mg
(K)
DDAO
308,16
FP-M1367B, 25mg
(K)

exc\em. max.
(nm)
492 / 520 nm

mol. abs.
(M-1cm-1)
90 000

mol. abs.
(M-1cm-1)

385 / 502 nm

16 000

MeOH

571 / 585 nm

54 000

571 / 585 nm

42 000

DMF, DMSO,
H2O (>pH8)
DMSO, DMSO
and 5%
MeOH/Chloroform

325-340/410 @pH< 7

4-TriFluoMethylUmbelliferone; 7-hydroxy-4trifluoromethylcoumarin
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β-Galactosidase substrates Galactosidase substrates
exc\em. max.
(nm)
[a]
.
[316 / 376 nm]
[360 / 499 nm]
330 / 396 nm
[390 / 460 nm]

mol. abs.
(M-1cm-1)
[a]
.
[14 000]

656.6

DCFDG
(M) FP-DW1650, 25 mg

Substrate name
cat.number

MW
(g·mol-1)

MUG
(M) FP-248741, 1g

338.32

CUG
(M) FP-M1171A, 10mg

368.3

FDG
(M) FP-52476A, 5 mg

mol. abs.
(M-1cm-1)
DMSO, H2O

4-Methylumbelliferyl- β -D-Galactopyranside

16 000
[18 000]

H2O, DMSO

Carboxyumbelliferyl ß-D-Galactopyranoside

300 / [492 / 520 nm]

.
[90 000]

DMSO, DMF,
EtOH, H2O

Fluorescein di-β-D-galactopyranoside;
Spiro(isobenzofuran-1(3H),9-(9H) xanthen)-3one, 3,6-bis(beta-D-galactopyranosyloxy)

725.5

290 / [495 / 529 nm]

.

DMSO, DMF,
EtOH, H2O

Dichlorofluorescein di-Galactoside

FMG
(M) FP-524771, 5 mg

495.5

.
[492 / 520 nm]

.
[90 000]

Fluorescein mono-β-D-galactopyranoside

TFMU-Galactosidase substrates Gal
(M) FP-M1141A, 25mg

392.3

H2O, MeOH,
DMF, DMSO,
EtOH
DMSO

[385 / 502 nm]

.
[16 000]

[325/410 nm@pH<7.8]

[13 000]

4-Trifluoromethylumbelliferyl-ß-DGalactopyranoside

Res-Galactosidase substrates Gal
(M) FP-52473A, 25mg

375.3

470 / - nm
[571 / 585 nm]

18 000

DMSO,H2O

Resorufin ß-D-Galactopyranoside

DDAO-Galactosidase substrates Gal
(M) FP-M1369A 5mg

470,3

470 / - nm
[645 / 660 nm]

26 000

DMSO, MeOH,
H2O

DDAO ß-D-Galactopyranoside

[a] in brackets: values upon β-galactosidase cleavage.

Storage:

–20°C >1 year. (M)

+ 4°C . (K)

Protect from light and moisture

Introduction
One of the most common reporter genes used in molecular biology is the E.coli lac Z gene that coded for an
active subunit of β-galactosidase in vivo, due to several features:
The E. coli ß-galactosidase enzyme(EC 3.2.1.23)is generally absent in normal mammalian, yeast, some bacteria
and even plant cells. Also, the enzyme has a wide substrate specificity (hydrolyzing D-galactose from various
labeled ß-galactosides), and it has a high turnover rate.
As a result, monitoring lacz expression has become routine to the point of detection of a few as 5 copies of βgalactosidase per cell by FACS analysis (1). This reporter system is commonly used for monitoring transfection
efficiency in mammalian, yeast, and bacterial cells and identifying expression of recombinant fusion genes, as
well as co-expressed genes or promoter efficiency.
Chromogenic assays of ß-galactosidase activity (i.e. X-Gal and derivatives) were popularized, being the standard
dye for blue/white selection in cloning. Now, Interchim also offers fluorogenic and chemiluminescent substrates
for improved performances, i.e. sensitivity, in enzyme linked immunosorbent assays, immunohistochemical
techniques and new applications. Staining kits are proposed as well (inquire).
This technical sheet presents our high quality fluorescent ß-galactosidase substrates. The choice should be driven
by fluorescence equipment (suitable light source and reading / filters), as well difference in solubility, pKa.
A sampler kit #BM8400 is proposed for evaluating the four most popular substrates, including fluorescent
standards.
FDG
Res-Gal
DCFDG
Fluorescence standards (Fluorescein, TFMU,
FMG
Resorufin)
TFMU-Gal
Associated products and other gene reporter substrates
MUG
CUG
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FDG #52476 technical & scientific information
Fluorescein di-Galactosidase substrates β-Galactosidase substrates D-Galactosidase substrates galactopyranoside (FDG) is one of the most
sensitive fluorogenic substrates available for detecting βgalactosidase in vivo and in vitro.
The colorless and nonfluorescent FDG is hydrolyzed to highly
fluorescent fluorescein, which exhibits excellent spectral
properties that match the optimal detection window of most
fluorescence instruments [Exc.= 488nm; Em max= 512nm, ε = 90
000]. Galactosidase-catalyzed hydrolysis of FDG can be followed
by fluorescence increase around 520 nm.
Molecular Biology grade: <20 ppm background fluorescence QC specification
Although chromogenic assays of β-Galactosidase activity (i.e. X-Gal) have significant use, the fluorescent FDG
substrate has been shown helpful for ultra-sensitive detections. FDG has been widely used for identifying lacZpositive cells with fluorescence microscopy and flow cytometry. Fluorescence-based assays employing FDG are
also reported to be 100 to 1000-fold more sensitive than radioisotope-based ELISAs. FDG is also used to detect
β-galactosidase expression in live cells.
Alternatively, FDG can also be used to detect β-galactosidase in a chromogenic mode since the enzymatic
product (fluorescein) exhibits a large extinction coefficient. However, fluorescence-based measurements can be
several orders of magnitude more sensitive than absorption-based measurements.

Directions for use
The following information is given as a viable methodology for in vitro and in vivo lacZ β-Galactosidase detection. The user may determine
their own best conditions for use dependent on the specific conditions present in their experiment.

Materials
A) Fluorescent Substrate Reagent. Make a 10 mM solution of the fluorescent substrate Fluorescein di-β-DGalactopyranoside (FDG) by dissolving FDG first in a small volume of organic solvent (EtOH, DMF, DMSO)
and diluting with H2O or buffer. Note: to avoid decomposition, cool solutions in ice-water prior to mixing.
Do not heat or ultrasonicate FDG solutions as this may also cause unwanted decomposition. See also Note C.
below.
B) Reference Standard. It is recommended that a reference standard be prepared (2 mM Fluorescein in distilled
water) for quantitating results.
C) Storage and Handling. Fluorescent reagents and fluorescent labeling solutions or samples should be handled
with care, kept cold (ice bath) when not in use, and stored frozen (-20ºC). In case of contact with skin or eyes,
wash thoroughly with soap and water. Reagents should be stable for at least 6 months following purchase.
Unstable background fluorescence readings for blank samples will indicate decomposition. These materials are
intended for research purposes only. Please contact us for information on use or licensing.
Assay conditions
It is recommended that measurements be made in duplicate, if possible, and hat the approximate concentration
range of the fluorescent probe be adjusted for optimum signal and sensitivity. Previous studies have indicated
that the labeling of cells is virtually independent of the initial fluorescent probe concentration in the range of
about 100 VM – 2mM. Since staining may be somewhat time dependant, a time course for the experiments
should also be generated for initial trials. The emission of the highly fluorescent product fluorescein is monitored
at 512 nm using excitation at 488 nm (argon ion laser). The user is asked to consult with the manufacturer (or
instrument manual) for the particular instrument in use for the appropriate filter set(s) needed for monitoring at
these wavelengths. Typical epifluorescence microscopic analysis is performed using an excitation filter, a
dichroic filter and emission filter for Fluorescein fluorescence. For flow cytometric analysis, the FACS
instrument is typically equipped with bandpass filter for monitoring fluorescein fluorescence.
The working concentration range of the assay will need to be determined for each individual experiment. A
blank prepared with all reagents, substituting corresponding lacZ negative cells should be run in parallel if
possible. Alternately, a blank prepared with all reagents except cells (substituting water of media) can be run to
determine background fluorescence readings for each experiment.
References -Galactosidase substrates  FDG
1.) Nolan, et al., Proc. Natl. Acad. Sci. USA 85 (1988) 2603.

2.) Methods: Companion to Meth. Enzymol. 2 (1991) 248.
3.) Burd, J.F. Meht. Enzymol. 74C (1981) 79.

P.3

FT-BM8400
4.) Fierer, J., et al., Infection and Immunity 61 (1993) 5231.
5.) Armenta, R., et. al., Anal. Biochem. 146 (1985) 211.
6.) Place, J.D., Antimicro. Agents Chemother. 24 (1983) 240.

7.) Li, T.M., et. al., Epilepsia 23 (1982) 381.
8.) Johnson, P.K., et. al., Clin. Chem. 27 (1981) 1087.

« Gene transfer into human bone marrow hematopoietic cells mediated by adenovirus vectors », Watanabe T., et al., Blood, 87, 5032(1996). Article
« In vivo identification of lymphocyte subsets exhibiting transcriptionally active NF-B/Rel complexes »,Feuillard J., et al., Int. Immunol.; 12, 613(2000)
Article
« spoIVH (ykvV), a Requisite Cortex Formation Gene, Is Expressed in Both Sporulating Compartments of Bacillus subtilis », Imamura D., et al., J.
Bacteriol.,186, 5450 (2004)
"Direct influence of S9 liver homogenate on fluorescence signals: impact on practical applications in a bacterial genotoxicity assay." Dreier J, Breitmaier
EB, Gocke E, Apfel CM, Page MGP. Mutation Research 513(1-2): 169-182 (2002).
"Electrophoretically mediated microanalysis of b-galactosidase on microchips." Burke BJ, Regnier FE. Electrophoresis 22(17): 3744-3751 (2001).
"Photoablation of cells expressing beta-galactosidase." Nirenberg S. Methods Mol. Biol. 135: 475-80 (2000).
"Enzymatic detection of coliforms and Escherichia coli within 4 hours." Nelis H, Van Poucke S. Water, Air, and Soil Pollution 123(1-4): 43-52 (2000).
"Miniaturization of a functional transcription assay in yeast (human progesterone receptor) in the 384- and 1536-well plate format." Berg M, et al. J.
Biomol. Screen. 5: 71 (2000).
"Fluorescent probes for living cells." Johnson I. Histochem. J. 30: 123 (1998).
"A microplate fluorimetric assay for transfection of the beta-galactosidase reporter gene." Rakhmanova VA,MacDonald RC. Anal. Biochem. 257: 234
(1998).
"Verapamil inhibition of enzymatic product efflux leads to improved detection of beta-galactosidase activity in lacZ-transfected cells." Poot M,
Arttamangkul S. Cytometry 28: 36 (1997).
"The light response of retinal ganglion cells is truncated by a displaced amacrine circuit." Nirenberg S, Meister M. Neuron 18(4): 637-50 (1997).
"Fluorescence-based enzymatic assay by capillary electrophoresis laser-induced fluorescence detection for the determination of a few beta-galactosidase
molecules." Craig D, et al. Anal. Biochem. 226: 147 (1995).
"LacZ expression in germline transgenic zebrafish can be detected in living embryos." Lin S, Yang S, Hopkins N. Dev. Biol. 161: 77 (1994).
"No intermediate channelling in stepwise hydrolysis of fluorescein di-beta-D-galactoside by beta-galactosidase." Fiedler F, Hinz H. Eur. J. Biochem. 222:
75 (1994).
"Beta-galactosidase activity in transfected Ltk-cells is differentially regulated in monolayer and in spheroid cultures." Klunder I, Hulser DF. Exp. Cell
Res. 207: 155 (1993).
"Beta-galactosidase activity in single differentiating bacterial cells." Russo-Marie F, et al. Proc. Natl. Acad. Sci. USA 90: 8194 (1993).
"Rapid identification and quantitation of cells infected by recombinant herpesvirus (pseudorabies virus) using a fluorescence-based beta-galactosidase
assay and flow cytometry." Saalmuller A, Mettenleiter TC. J Virol. Methods 44: 99 (1993).
"Targeted ablation of diverse cell classes in the nervous system in vivo." Nirenberg S, Cepko C. J Neurosci. 13(8): 3238-51 (1993).
"Beta-galactosidase activity in bacteria measured by flow cytometry." Alvarez AM, Ibanez M, Rotger R. BioTechniques 15: 974 (1993).
"FACS-Gal: flow cytometric analysis and sorting of cells expressing reporter gene constructs." Roederer M, Fiering S, Herzenberg LA. Methods: Comp.
Meth. Enzymol. 2: 248 (1991).
"Gene-search viruses and FACS-Gal permit the detection, isolation, and characterization of mammalian cells with in situ fusions between cellular genes
and escherichia coli lacZ." Kerr WG, Herzenberg LA. Methods: Comp. Meth. Enzymol. 2: 261 (1991).
"Visualizing interleukin 2 gene expression at the single cell level." Emilie D, et al. Eur. J. Immunol. 19: 1619 (1989).
"Detection of acid-beta-galactosidase activity in viable human fibroblasts by flow cytometry." Jongkind JF, Verkerk A, Sernetz M. Cytometry 7: 463
(1986)
"Beta-D-galactosidase activity in single yeast cells during cell cycle of Saccharomyces lactis." Yashphe J,Halvorson HO. Science 191: 1283 (1976).
"Enzyme-linked immunoassay I. Novel method for synthesis of the insulin-beta-D-galactosidase conjugate and its applicability for insulin assay." Kato K,
et al. J Biochem. 78: 235 (1975).
"Fluorogenic Substrates for beta-D-galactosidases and phosphatases derived from fluorescein (3,6-dihydroxyfluoran) and its monomethyl ether." Rotman
B, Zderic JA, Edelstein M. Proc. Natl. Acad. Sci. USA 50: 1 (1963).

FMG #52477 technical & scientific information
A beta-Galactosidase fluorescent probe especially useful for enzymatic
analyses where 1st order kinetics are desired.
Upon cleavage of galactose, highly fluorescent fluorescein is produced,
which fluorescence is pH-dependent [Exc max= 488 nm, Em max= 512nm, ε
= 90 000].
References -Galactosidase substrates  FMG
"A kinetic study on the enzymatic hydrolysis of fluorescein diacetate and fluorescein-di-betaD-galactopyranoside." Hofmann J, Sernetz M. Anal. Biochem. 131(1): 180-186 (1983).
"Fluorogenic substrates for beta-D-galactosidases and phosphatases derived from flurescein
(3,6-dihydroxyfluoran) and its monomethylether." Rotman B, Zderic JA, Edelstein M. Proc.
Natl. Acad. Sci. USA 50: 1-6 (1963).
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DCFDG #DW664 technical & scientific information
A highly sensitive fluorescent substrate for measuring
galactosidase and galactocerebrosidase activity inside of live cells
and lysosomes.
Upon cleavage of galactose, highly fluorescent fluorescein is
produced, which fluorescence is pH-dependent [Exc max= 495 nm,
Em max= 529nm].
Molecular Weight: 725.48
High Purity Grade (>99%). Absorption and Emission were measure when product released fluorophore
Soluble: DMSO, DMF, sl. H2O
DCFDG (2', 7'-Dichlorofluorescein di-ß-D-galactopyranoside) substrate releases the highly fluorescent
fluorophore 2’,7’-dichlorofluorescein (EX: 495nm / EM: 529 nm) at the site of galactosidase or
galactocerebrosidase activity. Since the pKa of the released fluorophore is significantly lower than comparable
fluorophores, it can retain appreciably more fluorescence in the highly acidic environment of the lysosome than
other similar fluorophores. Note: Absorption prior to enzyme hydrolysis is 290 nm; 4.7K).
References DCFDG
van Es H.H., Veldwijk M., Havenga M., Valerio D. (1997) "A flow cytometric assay for lysosomal glucocerebrosidase" Anal. Biochem. 247:
268-271.
Chan KW., Waire J., Simons B., (2004) "Measurement of lysosomal glucocerebrosidase activity in mouse liver using a fluorescenceactivated cell sorter assay." Anal. Biochem. 334(2): 227-33.
Rudensky B., Paz E., Altarescu G., (2003) "Fluorescent flow cytometric assay: a new diagnostic tool for measuring beta-glucocerebrosidase
activity in Gaucher disease." Blood Cells Mol. Dis. 30(1): 97-9.
Daniels L.B., Glew R.H., Diven W.F., Lee R.E., Radin N.S., (1981) "An improved fluorimetric leukocyte b-glucosidase assay for Gauchers
disease." Clin. Chim. Acta 115: 369-375.
Kaxpova E.A., Voznyi Ya V., Dudukina T.V., Tsvetkova I.V., (1991) "4-Trifluoromethylumbelliferyl glycosides as new substrates for
revealing diseases connected with hereditary deficiency of lysosome glycosidases." Biochem. Int. 24: 1135-1144.

TFMU-GalactosidaseGal #M1141 technical & scientific information
Blue fluorogenic β-galactosidase substrate that is well retained
intracellularly.
Upon cleavage of galactose, 3-carboxyumbelliferone is produced,
which fluorescence is pH-dependent [Exc max= 385 nm, Em max=
502nm, ε = 32 000].
Below the pKa (7.8), Abs. shifts to shorter wavelengths (325 to 340 nm) and fluorescence intensity decreases [ε
= 13 000]. These shifts may be used to measure compartmentalization of intracellular activity.
Although chromogenic assays of β-Galactosidase activity (i.e. X-Gal) have significant use, the recent application
of the fluorogenic substrate 4-trifluoromethylumbelliferyl β-D-galactopyranoside (TFMUG) combined with
Fluorescence Activated Cell sorting (FACS) analysis has been shown to be several orders of magnitude more
sensitive2. In addition, because of its high water solubility, long wavelength of emmission and low detection
limits, the TFMUG substrate has found use in automated ELISA type assay systems Burd 1981.

Directions for use
The following information is given as a viable methodology for use of TFMUG for β-Galactosidase detection. The user may determine their
own best conditions for use dependent on the specific conditions present in their
experiment.

Materials
A.) Substrate Reagent. Prepare the substrate reagent at a concentration of 50mM TFMUG in distilled water.
Dilute this with 2.0 mL of the reaction buffer to prepare the reagent for use in step 3 below.
B.) Reference Standard. It is recommended that a reference standard be prepared (0.5 mL of 20VM 4Trifluoromethylumbelliforone (TFMU)) in absolute methanol. Dilute with stop buffer for spectrometer
standardization as outlined in step 6 below. If a reference standard is not available, relative turnover values can
be determined versus a suitable blank.
C.) Buffer Solutions. Prepare buffer solutions as described below. Prepare reaction buffer containing 100mM
sodium phosphate buffer, pH 7.0 with 1mM MgCl2, 10 mM β-mercaptoethanol and 0.1% Triton X-100. Prepare
stop buffer containing 500 mM glycine buffer (pH 12) and 10mM EDTA. Adjust pH with conc. NaOH (10M).
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D.) Storage and Handling. Fluorescent reagents and fluorogenic substrates should be handled with care, kept
cold (ice-bath) when not in use, and stored frozen (-20°C). In case of contact with skin or eyes, wash thoroughly
with soap and cold water. Reagents should be stable for at least 6 months following purchase. High background
fluorescence readings for blank samples will indicate decomposition. These materials are intended for research
purposes only. Use in drug or manufacturing processes is strictly prohibited. Please contact us for information on
use or licensing.
Assay conditions
It is recommended that a calibration curve be prepared using known concentrations of purified β-Galactosidase
enzyme in the approximate concentration range of the unknown analyte. Since the conversion of the fluorogenic
substrate (TFMUG) releases the fluorophore 4-trifluoromethylumbelliferone (TFMU), the emission of this
highly fluorescent product is monitored at 502 nm using excitation at 385 nm. To normalize data, each enzyme
reaction can be terminated at exactly the same time (20 min.) using a stop buffer of high pH (12.0). The enzyme
assay has a typical working range from about 1-1000 picograms. Adjust enzyme concentrations accordingly.
1.) The sample containing cell lysate, purified enzyme, or cell suspension is pipetted into individual micro-titer
plate wells with serial dilutions in duplicate for each concentration and for each cell/tissue sample (20 - 50
VL/well). Include two wells for blanks (20 - 50 VL/well reaction buffer).
2.) Add 100 VL reaction buffer to each well. Incubate/mix for a few minutes to make sure the reaction system is
homogeneous.
3.) Add 50 VL 10 mM TFMUG reagent to each well. Mix thoroughly by manual agitation. NOTE: Lower
concentrations of the TFMUG reagent (1-5 mM) are routinely used for lower enzyme concentrations.
4.) Incubate for 20 min. at a fixed temperature (normally 25°C). NOTE: If lower substrate concentrations are
used, incubation times may need to be adjusted proportionally.
5.) Add 100 VL stop buffer to each well. Wait for 10 min. Emission readings can now be made at any time up to
3 hours after stopping the reaction. Store unread plates (4°C) covered by parafilm or plastic wrap if they are not
to be read immediately.
6.) Read fluorescence at 502 nm using an appropriate excitation filter for excitation at 385 nm. Use reference
standard for optimizing spectrometer conditions. NOTE: A 1:50 dilution with stop buffer will usually be
sufficient.
7.) Subtract fluorescence from the blank well (s) from each sample well. Average the readings of duplicate
samples.
8.) Generate a calibration curve using purified enzyme samples by plotting normalized fluorescence vs. βgalactosidase concentration (log-log).
9.) Using the calibration curve from above, determine the concentration of β-Galactosidase in samples by
comparison, and extrapolate this data to determine concentration of the enzyme in the original cell/tissue
suspension.
10.) Additional information on these and alternate protocol conditions is given in references listed below 4-11.
1.) Nolan, et al., Proc. Natl. Acad. Sci. USA 85 (1988) 2603.
2.) Methods: Companion to Meth. Enzymol. 2 (1991) 248.
3.) Burd, J.F., Meth. Enzymol. 74C (1981) 79.
4.) Fierer, J., et al., Infection and Immunity 61 (1993) 5231.
5.) Armenta, R., et al., Anal. Biochem. 146 (1985) 211.
6.) Place, J.D., Antimicro. Agents Chemother. 24 (1983) 240.
7.) Li, T.M., et al., Epilepsia 23 (1982) 391.

8.) Johnson, P.K., et al., Clin. Chem. 27 (1981) 1087.
9.) Yegorov, A.M., Markaryan, A.N., Vozniy, Y.V.,
Cherednikova, T.V.,
Demcheva, M.V., Berezin, I.V., Anal. Lett. 21(2) (1988) 193209.
10.) J. Histochem. Cytochem. 34 (1986) 585.
11.) Biochem. Int’l. 24 (1991) 1135.

Other references -Galactosidase substrates  TFMU-Galactosidase substrates Gal
"4-Trifluoromethylumbelliferyl glycosides as new substrates for revealing diseases connected with hereditary deficiency of lysosome
glycosidases." Karpova EA, Voznyi YaV, Dudukina TV, Tsvetkova IV. Biochem. Int. 24: 1135-1144 (1991).
"4-Trifluoromethylumbelliferyl-B-D-Galactopyranoside: its synthesis and application as the fluorigenic substrate of beta-galactosidase E.
coli for screening monoclonal antibodies by immunosorbent elisa." Yegorov AM, et al. Anal. Lett. 21: 193 (1988).
"A new fluorescent detection system for identifying variant hemoglobins after gel electrophoresis using immunobinding With monoclonal
antibodies." Smith RE. J Histochem. Cytochem. 34: 585 (1986).
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MUG -Galactosidase #24874 technical & scientific information
Bright blue fluorogenic β-galactosidase substrate, especially
useful for in vitro assays.
Upon cleavage by β-galactosidase, 4methylummethylumbelliferone is produced with blue
fluorescence dependent [Exc max= 316nm, ε = 14 000; Em max=
376nm].
Although chromogenic assays of β-Galactosidase activity (i.e. X-Gal) have significant use, the application of the
fluorogenic substrate Resorufin β-D-galactopyranoside combined with other fluorescence techniques including
Fluorescence Micro-titer plate Assay, Fluorescence Activated Cell sorting (FACS), or fluorescence
spectroscopic analysis has been shown to be several orders of magnitude more sensitive. In addition, because of
its water solubility, stability and detection limits at physiological pH, the Resorufin β-D-Galactopyranoside
substrate has found use in automated ELISA type assay systems3 and to detect β-Galactosidase in yeast 4 and in
bioreactor systems5.
References – MUG
"A microplate fluorimetric assay for transfection of the beta-galactosidase reporter gene." Rakhmanova VA, MacDonald RC. Anal. Biochem.
257: 234-237 (1998).
"Human lysosomal beta-galactosidase-cathepsin A complex: definition of the beta-galactosidase-binding interface on cathepsin A."
Pshezhetsky AV, Elsliger MA, Vinogradova MV, Potier M. Biochemistry 34: 2431-2440 (1995).
"Highly sensitive fluorimetric enzyme immunoassay for prostaglandin H synthase solubilized from cultured cells." Ruan KH, Kulmacz RJ,
Wilson A, Wu KK. J Immunol. Methods 162: 23-30 (1993).
"Selective inactivation of eukaryotic beta-galactosidase in assays for inhibitors of HIV-1 TAT using bacterial beta-galactosidase as a reporter
enzyme." Young DC, Kingsley SD, Ryan KA, Dutko FJ. Anal. Biochem. 215: 24-30 (1993).
"Activation of cAMP-responsive genes by stimuli that produce long-term facilitation in Aplysia sensory neurons." Kaang BK, Kandel ER,
Grant SG. Neuron 10: 427-435 (1993).
"Lineage analysis in the vertebrate nervous system by retrovirus-mediated gene transfer." Price J, Turner D, Cepko C. Proc. Natl. Acad. Sci.
USA 84: 156-160 (1987).

CUG -Galactosidase #M1171 technical & scientific information
Carboxyumbelliferyl ß-Galactosidase substrates D-Galactosidase substrates Galactopyranoside (CUG) is a blue
fluorogenic β-galactosidase substrate that is well retained intracellularly.
Upon cleavage of galactose, 3-carboxyumbelliferone is produced, which
fluorescence is pH-dependent [Em max= 445nm, ε = 32 000]. Below the
pKa (7.8), Abs. shifts to shorter wavelengths (325 to 340 nm) and
fluorescence intensity decreases [ε = 16 000]. These shifts may be used
to measure compartmentalization of intracellular activity.
Although chromogenic assays of ß-Galactosidase activity (i.e. X-Gal) have significant use, the recent application
of the fluorogenic substrate 3-carboxyumbelliferyl β-D-galactoopyranoside (CUG) combined with Fluorescence
Activated Cell sorting (FACS) analysis has been shown to be several orders of magnitude more sensitive 2. In
addition, because of its high water solubility and detection limits, the CUG substrate has found extensive use in
automated ELISA type assay systems3.

Directions for use
The following information is given as a viable methodology for use of CUG for β-Galactosidase detection. The user may determine their
own best conditions for use dependent on the specific conditions present in their experiment.

Materials
A.) Substrate Reagent. Prepare a solution (0.5 mL) of 50mM CUG in distilled water. Dilute with 2.0 mL of the
reaction buffer to prepare the reagent for use in step 3 below.
B.) Reference Standard. It is recommended that a reference standard be prepared (0.5 mL of 20VM 3Carboxyumbeliferone (CU)) in absolute methanol. Dilute with stop buffer for spectrometer standardization as
outlined in step 6 below. If a reference standard is not available, relative turnover values can be determined
versus a suitable blank.
C.) Buffer Solutions. Prepare buffer solutions as described below. Prepare reaction buffer containing 100mM
sodium phosphate buffer, pH 7.0 with 1mM MgCl2, 10 mM β-mercaptoethanol and 0.1% Triton X-100. Prepare
stop buffer containing 500 mM glycine buffer (pH 12) and 10mM EDTA. Adjust pH with conc. NaOH (10M).
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D.) Storage and Handling. Fluorescent reagents and fluorogenic substrates should be handled with care, kept
cold (ice-bath) when not in use, and stored frozen (-20ºC). In case of contact with skin or eyes, wash thoroughly
with soap and cold water. Reagents should be stable for at least 6 months following purchase. High background
fluorescence readings for blank samples will indicate decomposition. These materials are intended for research
purposes only. Use in drug or manufacturing processes is strictly prohibited. Please contact us for information on
use or licensing.
Enzyme Assay conditions
It is recommended that a calibration curve be prepared using known concentrations of purified β-Galactosidase
enzyme in the approximate concentration range of the unknown analyte. Since the conversion of the fluorogenic
substrate (CUG) releases the fluorophore 7-hydroxycoumarin-3-carboxylic acid (CU), the emission of this highly
fluorescent product is monitored at 460 nm using excitation at 390 nm to normalize data, each enzyme reaction is
terminated at exactly the same time (20 min.) using a stop buffer of high pH (12.0). The enzyme assay has a
typical working range from about 1-1000 picograms. Adjust enzyme concentrations accordingly.
1.) The sample containing cell lysate, purified enzyme, or cell suspension is pipetted into individual micro-titer
plate wells with serial dilutions in duplicate for each concentration and for each cell/tissue sample (20 - 50
VL/well). Include two wells for blanks (20 - 50 VL/well reaction buffer).
2.) Add 100 VL reaction buffer to each well. Incubate/mix for a few minutes to make sure the reaction system is
homogeneous.
3.) Add 50 VL 10 mM CUG reagent to each well. Mix thoroughly by manual agitation. NOTE: Lower
concentrations of the CUG reagent (1-5 mM) are routinely used for lower enzyme concentrations.
4.) Incubate for 20 min. at a fixed temperature (normally 25°C).
NOTE: If lower substrate concentrations are used, incubation times may need to be adjusted proportionally.
5.) Add 100 VL stop buffer to each well. Wait for 10 min. Emission readings can now be made at any time up to
3 hours after stopping the reaction. Store unread plates (4°C) covered by parafilm or plastic wrap if they are not
to be read immediately.
6.) Read fluorescence at 460 nm using an appropriate excitation filter for excitation at 390 nm. Use reference
standard for optimizing spectrometer conditions. NOTE: A 1:50 dilution with stop buffer will usually be
sufficient.
7.) Subtract fluorescence from the blank well(s) from each sample well. Average the readings of duplicate
samples.
8.) Generate a calibration curve using purified enzyme samples by plotting normalized fluorescence vs. βgalactosidase concentration (log-log).
9.) Using the calibration curve from above, determine the concentration of β-Galactosidase in samples by
comparison, and extrapolate this data to determine concentration of the enzyme in the original cell/tissue
suspension.
10.) Additional information on these and alternate protocol conditions if given in the references listed below 4-8.
1.) Nolan, et al., Proc. Natl. Acad. Sci. USA 85 (1988) 2603.
2.) Methods: Companion to Meth. Enzymol. 2 (1991) 248.
3.) Burd, J.F., Meth. Enzymol. 74C (1981) 79.
4.) Fierer, J., et al., Infection and Immunity 61 (1993) 5231.

5.) Armenta, R., et al., Anal. Biochem. 146 (1985) 211.
6.) Place, J.D., Antimicro. Agents Chemother. 24 (1983) 240.
7.) Li, T.M., et al., Epilepsia 23 (1982) 391.
8.) Johnson, P.K., et al., Clin. Chem. 27 (1981) 1087.

references – CUG
"Enhanced detection of b-galactosidase reporter activation is achieved by a reduction of hemoglobin content in tissue lysates." Nazarenko DA, Dertinger
SD, Gasiewicz TA. BioTechniques 30(4): 776-777, 780-781 (2001).
"Water soluble coumarin derivatives for use as fluorogenic enzyme substrates." Huff JB, Merchant BT, Mullen CR, Venkata SRT. PCT Int. Appl. WO
9946402 (1999).
"Expression of the Salmonella virulence plasmid gene spvB in cultured macrophages and nonphagocytic cells." Fierer J, Eckmann L, Fang F, Pfeifer C,
Finlay BB, Guiney D. Infect Immun 61: 5231-5236 (1993).
"Reducing background interference activity in enzyme-label immunoassays." Armenta R, Gibbons I, Olson J. U.S. Patent US 4668620 (1987).
"Homogeneous substrate-labeled fluorescent immunoassay for disopyramide in human serum: semi- and fully automated procedures." Johnson PK,
Messenger LJ. Clin Chem 32: 378-381 (1986).
"Improved sensitivity in homogeneous enzyme immunoassays using a fluorogenic macromolecular substrate: an assay for serum ferritin." Armenta R,
Tarnowski T, Gibbons I, Ullman EF. Anal Biochem 146: 211-219 (1985).
"Homogeneous substrate-labeled fluorescent immunoassay for carbamazepine." Li TM, Miller JE, Ward FE, Burd JF. Epilepsia 23: 391-398 (1982).
"Serum theophylline determination by fluorescence polarization immunoassay utilizing an umbelliferone derivative as a fluorescent label." Li TM,
Benovic JL, Burd JF. Anal Biochem 118: 102-107 (1981).
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"Homogeneous substrate-labeled fluorescent immunoassay for theophylline in serum." Li TM, Benovic JL, Buckler RT, Burd JF. Clin Chem 27: 22-26
(1981).
"The homogeneous substrate-labeled fluorescent immunoassay." Burd JF. Methods Enzymol 74: Pt C, 79-87 (1981).
"Substrate-labeled homogeneous fluorescent immunoassay for tobramycin, ASEAN." Boguslaski RC, Burd JF, Denning CE. J. Clin. Sci. 1(3): 215-19
(1980).
"Substrate-labeled fluorescent immunoassay for phenobarbital." Krausz LM, Hitz JB, Buckler RT, Burd JF. Ther. Drug Monit. 2(3): 261-72 (1980).

Res-GalactosidaseGal -Galactosidase #52473 technical & scientific information
Resorufin ß-Galactosidase substrates D-Galactosidase substrates Galactopyranoside (Res-Galactosidase substrates Gal) is a Red fluorogenic
substrate for lacZ β-galactosidase activity, intracellularly, or in vitro.
Upon β-Galactosidase enzyme cleavage, resorufin (product #95432A) is
released with red fluorecence [Em max= 571nm, ε = 18 000]
Although chromogenic assays of β-Galactosidase activity (i.e. X-Gal) have significant use, the application of the
fluorogenic substrate Resorufin β-Dgalactopyranoside combined with other fluorescence techniques including
Fluorescence Micro-titer plate Assay, Fluorescence Activated Cell sorting (FACS), or fluorescence
spectroscopic analysis has been shown to be several orders of magnitude more sensitive. In addition, because of
its water solubility, stability and detection limits at physiological pH, the Resorufin β-D-Galactopyranoside
substrate has found use in automated ELISA type assay systems3 and to detect β-Galactosidase in yeast4 and in
bioreactor systems5.

Directions for use
The following information is given as a viable methodology for use of Resorufin β-D-Galactopyranoside for β-Galactosidase detection. The
user should determine their own best conditions for use dependent upon the specific conditions present in their experiment.

Materials
A.) Substrate Reagent. Prepare a solution (0.5 mL) of 50mM Res-Gal in DMSO. Dilute with the reaction buffer
to desired concentration.
B.) Reference Standard. It is recommended that a reference standard of Resorufin (Res) be prepared by
dissolving high purity resorufin (product #M0202) in DMSO and then diluting with reaction buffer (250 VM
with serial dilutions). Dilute with stop buffer for spectrometer standardization as outlined in step 6 below. If a
reference standard is not available, relative turnover values can be determined versus a suitable blank.
C.) Buffer Solutions. Prepare buffer solutions as described below. Prepare reaction buffer containing 100mM
sodium phosphate buffer, pH 7.0 with 1mM MgCl2, 10 mM ß-mercaptoethanol and 0.1% Triton X-100. Prepare
stop buffer containing 500 mM glycine buffer (pH 12) and 10mM EDTA. Adjust pH with conc. NaOH (10M).
D.) Storage and Handling. Fluorescent reagents and fluorogenic substrates should be handled with care, kept
cold (ice-bath) when not in use, and stored frozen (-20C). In case of contact with skin or eyes, wash thoroughly
with soap and cold water. Reagents should be stable for at least 6 months following purchase. High background
fluorescence readings for blank samples will indicate decomposition. Res-Gal has a slight (orange) fluorescence
at a shorter wavelength. These materials are intended for research purposes only. Use in drug or manufacturing
processes is strictly prohibited. Please contact us for information on use or licensing.
Assay conditions-Galactosidase substrates  Enzyme assay
It is recommended that a calibration curve be prepared using known concentrations of purified ß-Galactosidase
enzyme in the approximate concentration range of the unknown analyte. Since the conversion of the fluorogenic
substrate (Res-Gal) releases the fluorophore resorufin (Res), the emission of this highly fluorescent product is
monitored at 585 nm using excitation at 571 nm. (Note: Extinction coefficient of Resorufin is 54K at 571 nm.)
To normalize data, each enzyme reaction is terminated at exactly the same time using a stop buffer of high pH
(12.0).
1.) The sample containing cells, cell lysate, purified enzyme, or cell suspension is pipetted into individual microtiter plate wells with serial dilutions, in duplicate for each concentration and for each cell/tissue sample (20 - 50
VL/well). Include two wells for blanks (20 - 50 VL/well reaction buffer).
2.) Add 100 VL reaction buffer to each well. Incubate/mix for a few minutes to make sure the reaction system is
homogeneous.
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3.) Add 50 VL 125 VM Res-Gal reagent to each well. Mix thoroughly by manual agitation. NOTE: We
recommend optimizing the concentration of Res-Gal for individual assays.
4.) Incubate at a fixed temperature (normally 25°C) and stop when color has shifted from orange to pink. NOTE:
Incubation times will need to be adjusted depending on samples.5.) Add 100 VL stop buffer to each well. Wait
for 10 min. Emission readings can now be made at any time up to 3 hours after stopping the reaction. Store
unread plates (4°C) covered by parafilm or plastic wrap if they are not to be read immediately.
6.) Read fluorescence at 585 nm using an appropriate excitation filter for excitation at 571 nm. Use reference
standard for optimizing spectrometer conditions. NOTE: A 1:50 dilution with stop buffer will usually be
sufficient.
7.) Subtract the fluorescence of the blank wells from each sample well. Average the readings of duplicate
samples.
8.) Generate a calibration curve using purified enzyme samples by plotting normalized fluorescence vs. ßgalactosidase concentration.
9.) Using the calibration curve from above, determine the concentration of ß- Galactosidase in samples by
comparison, and extrapolate this data to determine concentration of the enzyme in the original cell/tissue
suspension.
10.) Additional information on these and alternate protocol conditions if given in the references listed below 3-5
1.) Nolan, et al., Proc. Natl. Acad. Sci. USA 85 (1988) 2603.
2.) Methods: Companion to Meth. Enzymol. 2 (1991) 248.
3.) (a) J. Immunol. Meth. 150 (1992) 5.
(b) Oncogene 10 (1995) 2323.

4.) Cytometry 9 (1988) 394.
5.) (a) Ann. NY Acad. Sci. 613 (1990) 333.
(b) Anal. Chim. Acta 213 (1988) 24

references – Res-Gal
"Beta-galactosidase assay using capillary electrophoresis laser-induced fluorescence detection and resorufin-beta-D-galactopyranoside as substrate."
Eggertson MJ, Craig DB, Biomed. Chromatogr. 13: 516-519 (1999).
"Microchip device for performing enzyme assays." Hadd AG, Raymond DE, Halliwell JW, Jacobson SC, Ramsey JM. Anal. Chem. 69: 3407-3412
(1997).
"Expression of beta-galactosidase under the control of the human c-myc promoter in transgenic mice is inhibited by mithramycin." Jones DE, Cui DM,
Miller DM. Oncogene 10: 2323-2330 (1995).
"Dispersive analysis of turnover rates of a CST reactor by flow-through microfluorometry under conditions of growth." Sernetz M, Willems H, Keiner K.
Ann. NY Acad. Sci. 613: 333-337 (1990).
"A single-cell assay of beta-galactosidase activity in Saccharomyces cerevisiae." Wittrup KD, Bailey JE. Cytometry 9: 394 (1988).
"Flow fluorimetric investigations on reaction kinetics of a growing analytical bioreactor." Willems H, Sernetz M. Anal. Chim. Acta 213: 245 (1988).
"Immobilized enzyme kinetics analyzed by flow-through microfluorimetry. Resorufin-B-D-galactopyranoside as a new fluorogenic substrate for
galactosidase." Hofmann J, Serretz M, Anal. Chim. Acta 163: 67 (1984).

DDAO galactoside -Galactosidase #M1171
DDAO galactoside is a galactosidase substrate which yields a hydrolysis product that can be excited with the
633 nm laser (excitation/emission maxima ~645/660).
References – DDAO
- Tung CH et al., In vivo imaging of beta-galactosidase activity using far red fluorescent switch." Cancer Res 64, 1579-83 (2004) Abstract

Fluorescent reference standards for β-GalactosidaseGal assays
Fluorescein #19365
Green fluorophore high purity standard.
Em.max= 571nm, ε = 90 000, Em.max = 520nm
References – Fluorescein
"Spectral properties of the prototropic forms of fluorescein in aqueous solution." Klonis N,
Sawyer WH. J Fluorescence 6: 147 (1996).
"Photobleaching kinetics of fluorescein in quantitative fluorescence microscopy." Song L,
Hennink EJ, Young IT, Tanke HJ. Biophys. J 68(6): 2588-2600 (1995).
"Absorption and fluorescence properties of fluorescein." Sjöback R, Nygren J, Kubista M. Spectrochim. Acta. 51: 7 (1995).
"Determination of the absolute quantum yield of fluorescent solutions." Weber G, Teale FWJ. Trans. Faraday Soc. 53: 646 (1957).
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TFMU #43476
Blue-fluorophore, standard for Product FP-M1141A.
Trifluoromethylumbelliferone is a slightly longer wavelength analog of
4-methylcoumarin (4-MU) that also has a pKa that more closely matches
physiological pH values.
Exc.max= 385nm, ε = 16 000, Em.max = 502nm
The spectra is pH dependent (pKa ~ 7.3), below which abs. shifts to
shorter wave lengths (325-340nm) and fluorescence intensity decreases.
See: "A Fluorescence Staining Method for the Demonstration and Measurement
of Lysosomal Enzyme Activities in Single Cells." G. Luyten, et al. J. Histochem.
Cytochem. 33: 965 (1985).
References – TFMU
"Spectral studies of tert-butyl isothiocyanate-inactivated P450 2E1." Kent UM, Roberts-Kirchhoff ES, Moon N, Dunham WR, Hollenberg PF.
Biochemistry 40: 7253-7261 (2001).
"CYP isoform induction screening in 96-well plates: use of 7-benzyloxy-4-trifluoromethylcoumarin as a substrate for studies with rat hepatocytes." Price
RJ, Surry D, Renwick AB, Meneses-Lorente G, Lake BG, Evans DC. Xenobiotica 30(8): 781-795 (2000).
"Anti-AIDS Agents 37. Synthesis and Structure-Activity Relationships of (3R,4R)-(+)-cis-Khellactone Derivatives as Novel Potent Anti-HIV Agents."
Xie L, Takeuchi Y, Cosentino LM, Lee KH. Journal of Medicinal Chemistry 42(14): 2662-2672 (1999).
"High-performance liquid chromatographic method for measurement of cytochrome P450-mediated metabolism of 7-ethoxy-4-trifluoromethylcoumarin."
Morse MA, Lu J. Journal of Chromatography, B: Biomedical Sciences and Applications 708(1&2): 290-293 (1998).
"Mechanism-based inactivation of cytochrome P450 2B1 by 8-methoxypsoralen and several other furanocoumarins." Koenigs LL, Trager WF.
Biochemistry 37: 13184-13193 (1998).
"Examination of purported probes of human CYP2B6." Ekins S, VandenBranden M, Ring BJ, Wrighton SA. Pharmacogenetics 7(3): 165-179 (1997).
"Mechanistic studies of 9-ethynylphenanthrene-inactivated cytochrome P450 2B1." Roberts ES, Ballou DP, Hopkins NE, Alworth WL, Hollenberg PF.
Arch. Biochem. Biophys. 323: 303-312 (1995).
"A highly sensitive tool for the assay of cytochrome P450 enzyme activity in rat, dog and man. Direct fluorescence monitoring of the deethylation of 7ethoxy-4-trifluoromethylcoumarin." Buters JT, Schiller CD, Chou RC. Biochemical Pharmacology 46(9): 1577-84 (1993 Nov 2).
"Histochemical, Spectrophotometric, and Fluorometric GUS Substrates." Naleway JJ. GUS Protocols: Using the GUS Gene as a Reporter of Gene
Expression, Gallapher SR, Ed. pp. 61-76 (1992).
"Carbon-13 NMR of (trifluoromethyl)coumarins." Pastor RE, Fabron J, Cambon A, Hu Y. Can. J. Chem. 65(6): 1356-60 (1987).
"Lasing properties of 7-hydroxy-4-trifluoromethylcoumarin under excimer laser pumping." Loboda LI, Sokolova IV, Ilchenko AY, Kopylova TN.
Kvantovaya Elektron. (Moscow) 13(1): 183-6 (1986).
"Water-soluble coumarin dyes for flashlamp-pumped dye lasers." Drexhage KH, Erikson GR, Hawks GH, Reynolds GA. Opt. Commun. 15(3): 399-403
(1975).

Resorufin #95432
Red fluorophore high purity standard.
Widely used in enzyme assay systems.
Em.max= 571nm, ε = 54 000, Em.max = 585nm
Absorption and fluorescence of resorufin are pH dependent. Below the pKa (~6.0), Abs. shifts to ~ 480nm and
both Extinction and fluorescence quantum yield are markedly lower.
Resorufin is unstable in the presence of thiols such as dithiothreitol (DTT) and 2-mercaptoethanol.

Related / associated products and documents
See BioSciences Innovations catalogue and e-search tool.
 IPTG Lac z inducer (84853C)
 X-Gal (40534M), Blue lacZ β -Galactosidase Detection Kit (X-Gal based), FP-BM8410)
 substrates for β-Glucuronidase (MUGlcU FP-37744A) and –Glucosidase (X-GLU 193325)

Ordering information
Catalog size quantities and prices may be found at http://www.interchim.com
Please inquire for higher quantities (availability, shipment conditions).
For any information, please ask : FluoProbes® / Interchim; Hotline : +33(0)4 70 03 73 06
Disclaimer : Materials from FluoProbes® are sold for research use only, and are not intended for food, drug, household, or cosmetic use.
FluoProbes® is not liable for any damage resulting from handling or contact with this product.
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