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Abstract: Glucocerebrosidase (GC) catalyzes the hydrolysis of -glucocerebroside to glucose and ceramide in lysosomes. 

Mutations in the glucocerebrosidase gene (GBA) result in Gaucher disease, an autosomal recessive lysosomal storage dis-

order. Many of the mutations encountered in patients with Gaucher disease are missense alterations that may cause mis-

folding, decreased stability and/or mistrafficking of this lysosomal protein. Some inhibitors of GC have been shown to act 

as chemical chaperones, stabilizing the conformation of mutant proteins and thus restoring their function. High throughput 

screening (HTS) of small molecule libraries for such compounds with potential for chaperone therapy requires an accu-

rate, reproducible and sensitive assay method. We have adapted and optimized two fluorogenic GC enzyme assays and 

miniaturized them into the 1536-well plate format for HTS. The two substrates, 4-methylumbelliferyl -D-

glucopyranoside and resorufin -D-glucopyranoside, have Km values of 768 μM and 33 μM, respectively, and different 

emission spectra. Paired screening with the two assays helps to eliminate false inference of activity due to autofluores-

cence or fluorescence quenching by the screened compounds. Test screens with the LOPAC library indicated that both as-

says were robust for HTS, and gave comparable results for GC inhibitor activities. These two assays can be used to iden-

tify both GC activators and inhibitors with potential therapeutic value. 

Keywords: Glucocerebrosidase, beta-glucosidase, Gaucher disease, small molecule, assay optimization, assay miniaturization, 
HTS, quantitative high throughput screening, qHTS. 

INTRODUCTION 

 Glucocerebrosidase (GC, EC3.2.1.45) is a membrane-
associated lysosomal hydrolase that cleaves the glucose moi-
ety from the glycolipid glucocerebroside to produce cera-
mide and glucose. The deficiency of GC activity results in 
Gaucher disease, a recessively inherited lysosomal storage 
disorder caused by mutations in GBA, the gene encoding GC 
[1-4]. Gaucher disease, encountered world-wide, is the most 
common lysosomal storage disorder, and is among the most 
commonly inherited disorders in Ashkenazi Jews, where the 
carrier frequency is about 1 in 15. The clinical manifesta-
tions most frequently encountered in patients with Gaucher 
disease include organomegaly, anemia, thrombocytopenia 
and bone involvement. There are, however, a range of asso-
ciated clinical features, including non-neurologic and neuro-
nopathic forms of the disorder, and patients can present at 
any age. The current therapy for Gaucher disease, enzyme 
replacement therapy (ERT), while effectively reversing the 
systemic manifestations of the disease, is extremely expen-
sive and does not treat the brain manifestations. Almost 300 
mutations in GBA have been described, the majority of  
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which are amino acid substitutions [5]. These can result in 
misfolding, instability and mistrafficking of the GC protein, 
and are believed to result in the degradation of the newly 
synthesized enzyme before it reaches its functional site, the 
lysosome [6, 7]. It has been reported that small molecule GC 
inhibitors can function as chemical chaperones to restore the 
mutated GC activity by correcting the folding/mistrafficking 
of the protein [8-10]. In this proposed mechanism, the inhibi-
tor reversibly binds to the mutant protein, thus stabilizing the 
tertiary structure, preventing degradation and facilitating 
delivery to the lysosome, where the abundant substrate dis-
places the inhibitor. Inhibitors with a low IC50 are hypothe-
sized to be better candidates for therapeutic applications, as 
lower doses would be needed to achieve the desired effect. 
The ability of some GC inhibitors to function as chemical 
chaperones has been established by treating mutant cell lines 
with the compounds and demonstrating increased enzymatic 
activity and lysosomal co-localization [11, 12]. Although a 
correlation between inhibitor activity and chaperone ability 
has not yet been established, these small molecule chaper-
ones are potential new treatments for Gaucher disease. 

 While several GC inhibitors currently are being consid-
ered for chaperone therapy, most are iminosugar derivatives, 
which are limited in function, stability, permeability and 
selectivity. Conduritol -epoxide (CBE), a weak inhibitor of 
GC, possesses an epoxide functionality known to be metab-
olically unstable [13], and it covalently binds to multiple 
enzymes. Active site-targeted compounds, such as deoxyno-
jirimycin analogs, isofagomine and other iminosugars, have 
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limited permeability due to their hydrophilic properties, can 
cross-react with other lysosomal hydrolases and are only 
effective for some mutant forms of GC [3, 14]. Activators of 
GC have not yet been identified. Thus, more global ap-
proaches for identifying new small molecule inhibitors or 
activators are needed both as research tools and as leads for 
the development of new chemical chaperones for Gaucher 
therapy. Such screens are dependent on assays that can be 
performed efficiently in the miniaturized format with small 
volumes [15]. 

 In vitro enzyme activity assays were developed initially 
for the diagnosis of Gaucher disease. Several types of GC 
enzyme assays have been reported to measure the enzyme 
activity in vitro, including fluorescence [16, 17] and chro-
mogenic assays [18, 19]. The fluorescence-based assay is 
simple and sensitive. Several different pro-fluorescent sub-
strates have been used in the GC enzyme assay, including 4-
methylumbelliferyl- -D-glucopyranoside (4MU- -Glc) [20], 
resorufin- -D-glucopyranoside (Res- -Glc) [21] and fluo-
rescein di- -D-glucopyranoside (Flu- -Glc) [22]. These en-
zyme assays principally have been used in clinical laborato-
ries for the diagnosis and classification of Gaucher disease. 
Only the GC enzyme assay using 4MU- -Glc has been re-
ported for use in compound screening, but in low-throughput 
format [8]. We report the optimization and miniaturization of 
two fluorogenic GC enzymatic assays for compound screen-
ing in a 1536-well plate format. These assays formed the 
basis for inhibitor screening done using a larger compound 
library [12], and also have potential for use in the identifica-
tion of GC activators. 

METHODS 

 Chemicals. Resorufin -D-glucopyranoside (Res- -Glc), 
a red pro-fluorescent substrate, was purchased from Marker 
Gene Technology Inc. (Eugene, OR). 4-methylumbelliferyl 

-D-glucopyranoside (4MU- -Glc), a blue pro-fluorescent 
substrate, was purchased from Sigma-Aldrich (St. Louis, 
MO), as were citric acid, potassium phosphate trihydrate, 
Tween-20, glycine, and sodium hydroxide. Taurocholic acid 
sodium salt was from CalbioChem (a subsidiary of EMD 
Bioscience, San Diego, CA). Conduritol -epoxide (CBE), a 
known inhibitor of GC, was obtained from Biomol (Ply-
mouth Meeting, PA). N-(n-nonyl)deoxynojirimycin (nonyl-
DNJ) was purchased from Toronto Research Chemicals (To-
ronto, Canada). The Library of Pharmacologically Active 
Compounds (LOPAC), a 1280-compound screening valida-
tion library, was purchased from Sigma-Aldrich. 

 Glucocerebrosidase (GC) was obtained from residual 
solution after clinical infusions of imiglucerase (Cerezyme

®
, 

Genzyme Co., Mr = 60,430), with a specific activity of 42.2 
units/mg and 14 units/ml. Glycerol was added to the enzyme 
solution to 30%, yielding a final enzyme concentration of 
3.82 μM, and small aliquots were stored at -80°C. GC en-
zyme activity was found to be stable in this stock solution 
after storage at -80°C for up to two years (data not shown). 

 Buffers. The assay buffer was 50 mM citric acid, 176 
mM K2HPO4, pH 5.9, 0.01% Tween-20 and 10 mM sodium 
taurocholate. The assay buffer was stored at 4 °C for use up 
to 6 months. The stop solution consisted of 1M sodium hy-
droxide, 1M glycine, pH 10. 

 Instruments for Liquid Handling and Plate Detection. 
An FRD  automated microvolume dispensing station 
(Aurora Discovery, San Diego, CA) was used to dispense 
reagents into 1536-well plates at volumes from 0.5-3 μl. Ini-
tially, the compounds were serially diluted in DMSO in 384-
well plates using a CyBi -Well dispensing station with a 
384-well head (Cybio, Inc. Woburn, MA), and then refor-
matted into 1536-well plates at 7 μl/well. Nanoliter volumes 
of compounds dissolved in DMSO were transferred to the 
1536-well assay plate using an automated pin-tool station 
(Kalypsys , San Diego, CA). A ViewLux CCD-based imag-
ing plate reader (PerkinElmer, Boston, MA) was used for 
fluorescence detection at the speed of 30 sec per plate. A 
Safire2  4-monochromator scanning fluorescence plate 
reader (Tecan, Männedorf, Switzerland) was used for deter-
mination of the fluorescence excitation and emission spectra. 

 Res- -Glc (Red) GC Enzyme Assay. 2 μl/well of GC 
solution was added to a 1536-well black plate, followed by 
23 nl of each compound in DMSO. The final DMSO concen-
tration in the assay plates was under 0.5%. The negative con-
trols received 2 μl/well of assay buffer instead of enzyme. 
After a 5 min incubation at room temperature (RT, ~21°C), 
the enzyme reaction was initiated by addition of 1 μl of sub-
strate solution, followed by 20 min incubation at RT. The 
final concentrations of enzyme and substrate (Res- -Glc) 
were 1.9 nM and 30 μM, respectively. Fluorescence was read 
at an excitation of 570 (±10) nm and an emission of 610 
(±10) nm, which yielded the optimal signal-to-basal ratio. 

 4MU- -Glc (Blue) GC Enzyme Assay. The assay was 
performed using the same procedure as the red GC enzyme 
assay, except the reaction time was extended to 40 min. The 
final concentration of the enzyme and substrate were 1.9 nM 
and 800 μM, respectively. The reaction was terminated by 
addition of 3 μl stop solution, raising the pH to 10, which 
optimized fluorescence intensity output. Fluorescence was 
measured at an excitation of 365 (±10) nm and an emission 
of 440 (±10) nm. 

 For the pH effect study, the assay buffers were made by 
titration of the citric acid buffer with varying amounts of 1M 
dipotassium phosphate to yield buffers ranging from pH 4.5-
7.4. 

 Enzyme Kinetic Assays. Both the “red” and “blue” GC 
enzyme kinetic assays were carried out in a 384-well plate 
format using 1.9 nM enzyme with varying concentrations of 
substrate. Initially, 20 μl/well of enzyme was added to a 384-
well plate. The enzyme reaction was initiated by addition of 
10 μl/well of substrate solution at varying concentrations. In 
the “blue" assay, the 1M 4MU- -Glc stock solution was se-
rially diluted 1:2 to give eight concentrations. The final con-
centrations of substrate in each assay were 3000, 1500, 750, 
375, 188, 93.8, 46.9 and 23.4 μM. Six different plates were 
used in the "blue" assay to determine different time points. 
After incubation at RT for 2, 4, 6, 8, 10 and 12 min, 30 
μl/well stop solution was added to terminate the reaction. A 
standard curve of the free fluorophore, 4-methylumbelli-
ferone, in the same volume of assay buffer and stop solution 
was generated for the calculation of enzyme product. The 
plates were read in a ViewLux plate reader at 440 nm. 

 The "red" assay was performed as above, except that no 
stop solution was required. The 20 mM Res- -Glc stock was 
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diluted to give final concentrations of 100, 60, 40, 20, 10, 5 
and 2.5 M. Only one plate was used and fluorescence inten-
sity at 610 nm was measured at 2 min intervals in the 
ViewLux reader. A standard curve was prepared with serial 
dilutions of the free fluorophore, resorufin, in the same vol-
ume of assay buffer. 

 qHTS of a Control Compound Library. Quantitative 
high throughput screening (qHTS) is a method for screening 
large compound libraries at multiple concentrations simulta-
neously [23]. The Library of Pharmacologically Active 
Compounds (LOPAC), a screening validation library con-
taining 1280 compounds, was purchased as 10 mM stock 
solutions in DMSO. All compounds in the LOPAC Library 
were serially diluted in DMSO at a ratio of 1:2.236 ( 5 ) to 
fifteen concentrations in 384-well plates. Four sets of the 
inter-plate dilution plates were subsequently reformatted into 
one set of 1536-well plates, with compound concentrations 
ranging from 0.29 μM to 10 mM. The final compound con-
centrations in a 3 μl assay volume ranged from 1.9 nM to 
66.7 μM. 

 Data Analysis. The primary screen data was first ana-
lyzed using customized software developed internally. The 
results were further analyzed by Genedata Screener

®
, a curve 

fitting program (GeneData, Basel, Switzerland). The results 
from confirmation experiments, enzyme kinetics and selec-
tivity assays were analyzed with Prism

® 
(GraphPad, San Di-

ego, CA). 

RESULTS AND DISCUSSION 

 Optimal Fluorescence Excitation and Emission. Hy-
drolysis of the pro-fluorescence substrates, 4MU- -Glc and 
Res- -Glc, by GC resulted in products with emissions at the 
blue and red regions of fluorescence spectrum, respectively. 
In order to determine the optimal excitation and emission 
wavelengths, a spectral scan of both products was carried out 
using a scanning fluorescence plate reader. For 4-

methylumbelliferone, the "blue" assay fluorophore, excita-
tion and emission peaks were 370 nm and 440 nm, respec-
tively (Fig. 1a). For resorufin, the “red” GC enzyme assay 
fluorophore, an excitation peak at 573 nm and an emission 
peak at 590 nm were identified (Fig. 1b). Because the two 
peaks were so close to each other, the use of an emission 
filter at 590 nm dramatically reduced the signal-to-basal ratio 
of this assay. Using a pair of filters at Ex = 570 (±10) nm 
and Em = 610 (±10) nm yielded an optimal signal-to-noise 
ratio for this assay, although the total fluorescence intensity 
was reduced by half. 

 4MU has a pKa of 7.8, and its fluorescence intensity at 
the acidic pH (5.9) of the GC assay is too low to be meas-
ured. The 4MU- -Glc assay, therefore, requires the addition 
of a stop solution to raise the pH to increase 4MU fluores-
cence. Resorufin, on the other hand, has a lower pKa (6.0), 
and its fluorescence intensity is substantial at the assay pH. 
This allowed multiple readings over time for kinetic analysis 
using the Res- -Glc assay. 

 Effects of pH and Sodium Taurocholate. GC, a lysoso-
mal enzyme, functions better at acidic pH. The pH of GC 
assay buffers tested in the literature ranged from pH 3-8 
[16]. We examined the effect of pH on both assays using 
assay buffers ranging from pH 4.5 to 7.4. GC enzyme activ-
ity was reduced 47% at pH 7 compared with that at pH 5.9. 
The optimal pH for both GC enzyme assays was 5.9 (Fig. 
2a). 

 It was reported that sodium taurocholate, a bile salt, is 
required for determining enzyme activity of GC and other 
lysosomal enzymes in vitro [24-28]. In our assays, we con-
firmed that GC activity in vitro is dependent on sodium 
taurocholate. In the “blue” GC assay, activity increased with 
an increase in sodium taurocholate concentration (Fig. 2b). 
A similar result was found for the “red” GC enzyme assay 
(data not shown). 10 mM sodium taurocholate was selected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Chemical structures and fluorescence spectra of substrates for the GC assays. (a) The “blue” GC enzyme assay. The pro-

fluorescence substrate 4MU- -Glc is hydrolyzed to form two products, 4-methylumbelliferone, with an excitation peak of 370 nm and an 

emission peak of 440 nm, and glucose. (b) The “red” GC enzyme assay. The pro-fluorescence substrate Res- -Glc is hydrolyzed to form two 

products, resorufin, with an excitation peak of 573 nm and an emission peak of 590 nm, and glucose. 
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for the assay buffer for both assays, as the enzyme activity 
reached a plateau at this concentration. 

 Enzyme Concentration and DMSO Effect. The en-
zyme concentration-response was measured by varying the 
enzyme concentration at a fixed substrate concentration. The 
enzyme activity increased linearly with an increase in GC 
enzyme concentrations from 0.3 to 19.1 nM (Fig. 2c). An 
enzyme concentration of 1.9 nM was selected for the assay 
because the fluorescence intensity was adequate, while the 
substrate consumption was 3.6%. An incubation of 40 min at 
RT was selected because the enzyme activity was linear dur-
ing a 60 min incubation (data not shown). We also found that 
DMSO at concentrations up to 1% did not alter the enzyme 
activity (Fig. 2d). Similar optimal conditions were found for 
the “red” assay, although only a 20 min incubation at RT 
was required. 

 Enzyme Kinetics. The enzyme kinetics for both GC as-
says were determined using 1.9 nM enzyme and varied sub-
strate concentrations. The Km values were 768 and 33.0 μM 
for the “blue” assay and “red” assays, respectively (Fig. 3). 
Based on the Km values, 800 μM of 4MU- -Glc was chosen 

for the “blue” assay and 30 μM of Res- -Glc was selected 
for the “red” assay. 

 IC50 Values of Known GC Inhibitors. Two known GC 
inhibitors, CBE and nonyl-DNJ, were tested in both enzyme 
assays (Fig. 4). The IC50 value of CBE in the “blue” GC as-
say was 15.4 μM and 13.0 μM in the “red” GC assay. We 
found that the solution of CBE in DMSO was unstable at 
RT, as the IC50 value of CBE shifted from 2- to 10-fold when 
the CBE solutions were left at RT for more than a few hours 
(data not shown). The IC50 values of nonyl-DNJ were 0.13 
μM in the “blue” GC assay and 0.23 μM in the “red” GC 
assay. The similar potencies and concentration-response 
curves of two known GC inhibitors indicated the compatibil-
ity of these two assays for the compound screen. 

 Results of LOPAC Library Screen. The LOPAC library 
is a collection of 1,280 pharmacologically active compounds 
frequently used for HTS assay validation [29, 30]. Both GC 
assays were tested for use in quantitative high throughput 
screening (qHTS) using the LOPAC library in a 1536-well 
plate format. The compounds were serially diluted in DMSO 
to 15 concentrations in 384-well plates, which were then re-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Optimization of the “blue” GC assay. (a) GC activity at different pH. The optimal pH was 5.9. (b) Effect of sodium taurocholate. 

GC activity increased with increasing concentration of sodium taurocholate, reaching a plateau at 15 mM. (c) Enzyme concentration-

response. The enzyme activity increased nearly linearly from 0.3 to 19.1 nM. (d) DMSO tolerance. DMSO concentrations up to 1% showed 

no effect on the enzyme reaction. 
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formatted into one set of 1536-well plates. GC assays using 
either 4MU- -Glc ("blue") or Res- -Glc ("red") were per-
formed in 3 μl volume as described in the Methods. Control 
assays were run with DMSO alone. The average signal-to-
basal ratio from the control plate was 4.1, and the CV and Z’ 
factor [31] were 5.5% and 0.78, respectively, for the “red” GC 
enzyme assay (Fig. 5a). Similar results were obtained using 
the "blue” assay (data not shown). 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Concentration-responses of two known GC inhibitors. IC50 

values for CBE and nonyl-DNJ were determined using the “blue” 

and "red" GC enzyme assays. The substrate concentrations were 

800 μM 4MU- -Glc and 30 μM Res- -Glc, respectively, and the 

enzyme concentration was 1.9 nM in both assays. The IC50 value 

for CBE was 15.4 μM in the “blue” ( ) and 13.0 μM in the “red” 

( ) assay. The IC50 value for nonyl-DNJ was 0.227 μM in the 

“blue” ( ) and 0.132 μM in the “red” ( ) assay. The concentration-

response curves for each inhibitor were very similar in both assays. 

 One of the advantages of qHTS is its use of a dynamic 
range of compound concentrations, including high concentra-
tions, for the primary screen. Only a single concentration is 
used in traditional HTS, and requires one or more test screens 
to determine a concentration that gives a hit rate (number of 
active compounds divided by the total number of compounds 
screened) between 0.1 to 0.5%. In our qHTS of the LOPAC 
library, as expected, the apparent hit rate increased with in-
creasing compound concentration. The hit rates were 0.2% at 
3.06 μM, 0.7% at 15.3 μM and 4.3% at 76.7 μM compound 

(shown in Fig. 5b, 5c and 5d, respectively). Performing the 
primary screen simultaneously on multiple concentrations of 
the library enabled identification of potential hits from a wider 
range of active concentrations, whereas, if the higher com-
pound concentrations had been used in a traditional single 
concentration HTS, too many hits would have been produced. 
Since the concentration-response curves for 15 different com-
pound concentrations were available immediately after the 
primary screen using qHTS, we selected active compounds by 
their potencies and curve classes as discussed previously [23]. 
A total of 13 active compounds were identified with IC50 val-
ues of 10 μM; using this cutoff, the hit rate was approxi-
mately 1% (Fig. 5e). 

 Hit Confirmation. Neat samples of the 13 primary hits 
were obtained and their activities were determined in the “red” 
GC enzyme assay. Two of the original 13 compounds were 
inactive (B-7283, Benserazide and P-4394, Cisplatin). GC 
inhibitory activity was confirmed for 11 of the 13 compounds 
and their structures, Sigma ID, IC50 values and reported prop-
erties are summarized in Table 1. While four had higher IC50s 
than observed in the primary screen, the remaining seven had 
IC50s within two-fold of their primary screen activity. Among 
the LOPAC compounds screened, several notable inhibitors of 
GC with micromolar IC50s were discovered: (-)-Ephedrine 
hemisulfate (1; 0.79μM), 4-Chloromercuribenzoic acid (9; 
0.62μM) and Ebselen (10; 0.63μM) (see Table 1). Ephedrine 
is a well-known sympathomimetic amine with several mecha-
nisms of action, including stimulation of adrenergic receptors 
and blockage of norepinephrine transporter activity. 4-
Chloromercuribenzoic acid is a reactive organic mercury 
compound that is frequently used as a sulfhydryl reagent. Eb-
selen is a GSH-peroxidase-like organo-selenium compound 
that has been reported to exhibit a variety of effects, including 
anti-inflammatory activity [32] and antioxidant properties 
[33]. The weaker inhibitors of GC included several modula-
tors of ion channels such as quinoxaline derivatives DNQX 
(5) and DCQX (4), dimethyl-piperazinium- (6) and piperidi-
nium- (8) containing compounds, and the muscle relaxant 
Gallamine triethiodide (3) [34]. Iodoacetamide (11) is reported 
to be a protein alkylating reagent and irreversible enzyme in-
hibitor, making it inappropriate for use as a chaperone. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Enzyme kinetics. (a) The "blue" assay had a Km of 768 μM and a Vmax of 1.56 pmol/min. (b) The "red" assay had a Km of 33.0 μM 

and a Vmax of 7.11 pmol/min. 
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 In summary, we have adapted and optimized two fluoro-
metric GC assays for HTS in a 1536-well plate format, using 
two different substrates with fluorescence emissions of 440 

nm and 610 nm. Both assays performed comparably in screen-
ing for GC inhibitors. The “red” GC enzyme assay is more 
suitable  for HTS,  since it  does not require the additional  step  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Results of the LOPAC library screen using the “red” GC enzyme assay. (a) Scatter plot of the results from the control DMSO plate 

screen. The signal-to-basal ratio was 4.1-fold with a CV of 5.5% and Z’ factor of 0.78. Scatter plots of the LOPAC library screen at (b) 3.06, 

(c) 15.3 and (d) 76.7 μM compound concentrations. (e) Concentration-response curves of hits with an IC50 10 μM selected from the LO-

PAC library screen. 13 active compounds were identified, yielding a hit rate of 1.0%. 
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Table 1. Confirmed Glucocerebrosidase Inhibitors from LOPAC Library Screening 

 

No. Structure Sigma ID IC50
a
 Compound Name, Reported Properties

b
 

1 

OH

SO O

OH

OH

N
H

 

E-3250 0.79 M 
(-)-Ephedrine hemisulfate 

Adrenergic stimulant 

2 O OH

HO OH  

I-3766 2.57 M 

Isoliquiritigenin 

Soluble guanylyl cyclase activator and 

aldose reductase inhibitor 

3 

N+

OO
N+

O

N+

 

G-8134 3.59 M 

Gallamine triethiodide 

M2 muscarinic acetylcholine receptor antagonist; 

muscle relaxant 

4 

Cl H
N O

ON
HCl

 

D-133 4.52 M 

6,7-Dichloroquinoxaline-2,3-dione 

NAPotent, competitive kainate/quisqualate 

glutamate receptor antagonist 

5 

O

N+
-O

H
N O

ON
H

N+

O

-O

 

D-0540 4.77 M 
DNQX 

M3 muscarinic acetylcholine receptor antagonist 

6 N

N+

 

D-5891 6.80 M 
1,1-Dimethyl-4-phenyl-piperazinium iodide 

Nicotinic acetylcholine receptor agonist 

7 

H2N

N+

N+

H2N

 

D-2064 8.26 M 
Dequalinium analog, C-14 linker 

Protein kinase C-alpha (PKC-alpha) inhibitor 

8 
O

O

N+

 

D-104 8.74 M 

4-DAMP methiodide 

Antagonist specific for the strychnine-insensitive 

glycine binding site of the NMDA glutamate receptor 

9 

OH

Hg

Cl

O

 

C-5913 0.62 M 
4-Chloromercuribenzoic acid 

Carboxy- and aminopeptidase inhibitor 

10 
N

Se

O

 

E-3520 0.63 M 

Ebselen 

Antioxidant; inhibits mammalian lipoxygenases and  

glutathione S-transferase 

11 
I

O

NH2  

I-1149 7.01 M 

Iodoacetamide 

Alkylating reagent for cysteine and histidine residues 

in proteins; irreversible protein inhibitor 

aIC50 determined using the "red" GC assay. 
bProperties as reported in the LOPAC1280 library reference material. 
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of dispensing stop solution after the incubation, and is less 
prone to background noise caused by contaminants such as 
dust and lint. The “blue” GC enzyme can be used to examine 
the active compounds identified from the primary screen to 
help eliminate interference by autofluorescing or fluorescence-
quenching compounds [15]. qHTS of the LOPAC library with 
both assays indicated that both were robust for primary screen-
ing. We have recently applied the "red" GC assay for qHTS of 
60,000 compounds in a 1536-well plate format and used the 
"blue" GC assay for hit confirmation. Three novel structural 
classes of GC inhibitors were identified, and two compounds 
showed a chaperone effect in a cell-based assay [12]. This 
further demonstrates the robustness and effectiveness of these 
GC assays. We conclude that both GC enzyme assays are ap-
propriate for HTS and can be used for the identification of 
both activators and inhibitors of GC. 
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