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Abstract: The human pathogen Giardia lamblia is an anaerobic protozoan parasite that causes giardiasis, one of the most
common diarrheal diseases worldwide. Although several drugs are available for the treatment of giardisis, resistance to
these drugs has been reported and is likely to increase. The Giardia carbamate kinase (g/CK) plays an essential role in
Giardia metabolism and has no homologs in humans, making it an attractive candidate for anti-Giardia drug develop-
ment. We have developed a luminescent enzyme coupled assay to measure the activity of g/CK by quantitating the
amount of ATP produced by the enzyme. This assay is homogeneous and has been miniaturized into a 1536-well plate
format. A pilot screen against 4,096 known compounds using this assay yielded a signal-to-basal ratio of 11.5 fold and Z’
factor of 0.8 with a hit rate of 0.9 % of inhibitors of g/CK. Therefore, this Giardia lamblia carbamate kinase assay is use-
ful for high throughput screening of large compound collection for identification of the inhibitors for drug development.
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INTRODUCTION

The protozoan parasite Giardia lamblia is a human
pathogen with worldwide health impact of 280 million an-
nual cases and 10000 deaths [1, 2]. The parasite causes the
diarrheal disease giardiasis, which can lead to acute and
chronic diarrhea, malnutrition and failure to thrive. The stan-
dard of care for giardiasis is either metronidazole or tinida-
zole, with single course cure rates of 80-95%, while other
drugs such as paromomycin, albendazole and nitazoxanide
are used to a lesser extent with similar and/or lower success
rates [3]. Current drugs are predominantly of the nitroimida-
zole or benzimidazole classes and are susceptible to mecha-
nisms such as down-regulation of pyruvate:ferredoxin oxi-
doreductase (PFOR) and mutations of B-tubulin [1]. Al-
though these drugs are generally effective, treatment failures
and drug resistant strains have been increasingly reported [2,
4, 5], highlighting the need for novel drug targets.

The three-step arginine dihydrolase pathway, involving
arginine deiminase, ornithine transcarbamoylase and carba-
mate kinase (CK, EC 2.7.2.2), is used as a major source of
energy generation by a number of anaerobic prokaryotes [6,
7] and some parasitic protozoa such as trichomonads [8] and
G. lamblia [9, 10]. In G. lamblia, the arginine dihydrolase
pathway is not only a major source for energy production,
but also plays a role in host colonization and immune system
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evasion [11, 12]. Of the three enzymes involved in this
pathway, the G. lamblia CK (gICK) was found to be the
most active, with a maximal activity in cell free extracts that
was 5- to 10-fold greater than those of arginine deiminase
and ornithine transcarbamoylase [10]. In addition, g/CK has
been shown to be essential for the viability of G. lamblia
WB trophozoites [13]. The essentiality of g/CK and the lack
of the arginine dihydrolase pathway in higher eukaryotes
place gICK as a potential anti-giadial target.

CK catalyzes the reversible conversion of carbamoyl
phosphate and ADP to ATP, ammonia and CO, (Fig. 1).
Several assays are available for both the forward and reverse
CK reaction, but are limited by throughput. For the forward
reaction, CO,, one of three products, can be measured di-
rectly as a gas released with limited assay throughput as a
specialized apparatus is needed for the measurement [14].
Measurement of another product ATP has been achieved by
coupling the CK reaction to hexokinase and glucose-6-
phosphate dehydrogenase to produce NADPH, which is then
detected by 340 nm absorbance [13, 15]. For the reverse CK
reaction, two enzyme coupled assays are available: (1) the
CP product can be assayed by coupling to ornithine transcar-
bamylase to produce citrulline, which is monitored col-
orimetrically [15], and (2) the ADP product can be assayed
by coupling to pyruvate kinase and lactate dehydrogenase to
oxidize NADH, which is monitored by 340 nm absorbance
[13]. However, absorbance and colorimetric assays typically
have limited sensitivity and robustness and are not ideal for
HTS in miniaturized plate formats. We have developed a
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new luminescence-based assay for the forward CK reaction
that detects the production of ATP. This assay has been suc-
cessfully miniaturized to 1536-well format and validated in a
pilot screen of 4096 small molecule compounds.

MATERIALS AND METHODS
Reagents

Adenosine 5’-diphosphate potassium salt (ADP, EMD
Millipore, Darmstadt, Germany), Adenosine 5’-triphosphate
disodium salt (ATP) and carbamoyl phosphate dilithium salt
(CP, Sigma-Aldrich, St. Louis, MO) were purchased as
powder samples and dissolved in deionized water. AT-
PLite™ assay kit (PerkinElmer, Waltham, MA) for quanti-
tating amount of ATP was reconstituted according to vendor
directions. Recombinantly expressed and purified g/CK was
prepared as previously described [13]. All micro-titer plates
used in this study were purchased from Greiner Bio One
(Monroe, NC).

Small Molecule Libraries and Compound Management

The library of pharmacologically active compounds
(LOPAC'?®) consists of a collection of 1,280 small mole-
cules with known biological activities. The LOPAC'* li-
brary has been extensively used for HTS assay validations
[16, 17] and was purchased from Sigma-Aldrich. The NIH
Chemical Genomics Center (NCGC) Pharmaceutical collec-
tion (NPC) was constructed internally through a combined
effort of compound purchasing and custom synthesis [18].
At the time of screening, the NPC library consisted of 2816
small molecule compounds, 52% of which were drugs ap-
proved for human or veterinary use by the United States
Food and Drug Administration (FDA), 22% were drugs ap-
proved in Europe, Canada or Japan, and the remaining 25%
were compounds that entered clinical trials or were research
compounds commonly used in biomedical research. Com-
pounds from both libraries were obtained as powder samples
and dissolved in DMSO as 10 mM stock solutions, except
for several hundred compounds from the NPC library that

M 2+
g HOO/N

Oxyluciferin

0O
N . .
S%jg + PPi + AMP +CO, + Light

were prepared as 4.47 mM stock solutions due to solubility
limitations. All library compounds were serially diluted in
DMSO via 1:5 inter-plate titrations for primary screens, then
formatted to 1536-well compound plates using an Evolution
P3 system (PerkinElmer, Waltham, MA) [19]. After format-
ting, compound plates were stored desiccated at room tem-
perature for as long as 6 months when in use, or heat sealed
and stored at -80 °C for long-term storage. Compound
cherry-picking for hit confirmation was done as follows: 10
mM compound solutions were thawed from storage, diluted
in DMSO as 12-point 1:3 intra-plate titrations, and then for-
matted to 1536-well compound plates.

Luminescence-Based Carbamate Kinase Assay in 384-
Well Format

All assay optimizations were carried out in white, 384-
well, low volume, white, solid bottom, medium binding
plates (Greiner Bio-one, Monroe, NC). Unless otherwise
noted, 4 ul/well of 1 nM gICK enzyme in assay buffer (20
mM Tris pH 8, 30 mM MgCl,, 0.1% BSA, 0.05% Tween 20)
was dispensed with a BioRAPTR FRD Microfluidic Work-
station (Beckman Coulter, Brea, CA). Subsequently, the re-
action was started by simultaneously dispensing 2 pl/well of
substrate mix (600 uM ADP and 600 uM carbamate phos-
phate in assay buffer) and 2 pl/well of the detection reagent
(ATPLite™) with the FRD Workstation. The reaction was
allowed to proceed at room temperature for 20 min, and then
the signal was read on a ViewLux CCD-based imaging plate
reader (PerkinElmer, Waltham, MA) using a clear filter.

The steady-state kinetics were determined with 2.5 nM
2gICK, 2 mM of the saturating substrate and the variable sub-
strate at concentrations of 0.076, 0.23, 0.69, 2.1, 6.2, 18.5,
55.6, 167 uM. The reaction signals were read at every min-
ute for 5 min to calculate the initial velocities (V). The
Michaelis constant (Km) and K., values were calculated
from the V, values as a function of the concentration of the
varied substrate, [S] by fitting with GraphPad Prism to the
equation Vo = V. [S]/ (Km + [S]) to obtain the maximum
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Table 1. Assay Protocol
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Step Parameter Value Description

1 Reagent 2 ml 1 nM gICK in assay buffer

2 Reagent 23 nl Pin transfer compounds in DMSO

3 Time 15 min Room temperature incubation

4a Reagent 1 ml 600 mM CP, 600 mM ADP in assay buffer
4b Reagent 1 ml ATPLite™ detection reagent

5 Time 20 min Room temperature incubation

6 Detection ViewLux plate reader luminescence mode

velocity (Vimax) and the Km. Kcat was calculated from the
ratio of V.« and the pMol enzyme used in each reaction.

Luminescence-Based Carbamate Kinase Assay in 1536-
Well Format

The gICK assay was carried out in 1536-well, medium-
bind, white, solid bottom plates (Greiner Bio-one, Monroe,
NC) as listed in Table 1. Briefly, 2 ul/well of 1 nM gICK
enzyme in assay buffer was dispensed with the FRD Work-
station. Compounds dissolved in DMSO were added from a
source plate to an assay plate at a volume of 23 nl/well by an
automated pin-tool station (Wako-Kalypsys, San Diego,
CA). The enzyme was allowed to equilibrate with com-
pounds for 15 min at room temperature. Subsequently, the
reaction was started with the simultaneous dispensing of 1
ul/well of substrate mix (600 uM ADP and 600 uM carba-
mate phosphate in assay buffer) and 1 pl/well of the detec-
tion reagent (ATPLite' ") with the FRD Workstation. The
reaction was allowed to proceed at room temperature for 20
min and the signal was read in the luminescence mode on a
ViewLux plate reader.

Counter-Screen Assay

The counter-screen assay was carried out in 1536-well
format by replacing the g/lCK enzyme with ATP product at a
concentration that was experimentally determined to be gen-
erated by the g/CK assay conditions used. Briefly, 2 ul/well
of 20 uM ATP in assay buffer was dispensed using the FRD
Workstation. Compounds dissolved in DMSO were added
from a source plate to the assay plate at a volume of 23
nl/well using an automated pin-tool station, and was allowed
to equilibrate with the solution for 15 min at room tempera-
ture. Then, the detection reagent ATPLite™™ diluted 1:2 with
assay buffer was dispensed as 2 pl/well with the FRD Work-
station. The plates were incubated at room temperature for 5
min before the signal was read on a ViewLux plate reader.

Data Analysis

7’ factor was calculated with the equation of Z’ =1 — 3
(SDTotal + SDBasal) / (MeanTotal - MeanBasal), where SDTotal is
the standard deviation of DMSO treated wells with 0.5 nM
2ICK, SDg, is the standard deviation of no-enzyme control
wells treated with DMSO, Meanry, is the mean signal of
DMSO treated wells with 0.1 nM g/CK and Meang,g, is the
mean signal of no-enzyme control wells treated with DMSO
[20]. Coefficient of variation (CV) was calculated with the
equation of CV = SDry / Meang,g,, expressed as a percent-

age. Data normalization and curve fitting was performed as
previously described [21]. Briefly, raw plate reads for each
titration point were first normalized relative to DMSO only
wells (0% activity) and no enzyme control wells (100% ac-
tivity), and then corrected by applying a pattern correction
algorithm using compound-free control plates (DMSO
plates). Concentration—response titration points for each
compound were fitted to the Hill equation, yielding concentra-
tions of half-maximal inhibition (ICsy) and maximal response
(efficacy) values. Data from the counter-screen underwent the
same initial analysis, with the exception that raw luminescence
counts were normalized relative to DMSO only wells (0%
activity) and wells lacking ATP (100% activity).

Absorbance- Based Carbamate Kinase Assay

The coupled assay described previously [13] served as a
confirmatory assay. The conversion of ADP + carbamoyl
phosphate to ATP + ammonium carbamate was coupled to
the conversion of NADP" to NADPH using hexokinase, glu-
cose-6-phosphate (G6P) dehydrogenase, and glucose. All
chemical and biochemical components (except gICK) were
purchased from Sigma-Aldrich. Briefly, the assay was per-
formed in 96-well plates in 200 UL reaction solutions. 20 uL
solutions containing 400 uM ADP, 400 puM carbamoyl
phosphate, 30 mM MgCl,, 10 mM D-glucose, | mM NADP,
10 units hexokinase, 10 units G6P dehydrogenase, and 20
mM Tris-HCI (pH 7.5) were dispensed into the wells. Solu-
tions containing g/CK and 20 mM Tris-HCI (pH 7.5) were
incubated for 15 minutes with different concentration of in-
hibitors, such that the final enzyme and inhibitor concentra-
tions after adding 180uL aliquots to the wells were 5 nM
gICK and 0.002, 0.02, 0.2, 1, 2, 20, and 200 uM inhibitor.
The reactions were performed at room temperature and the
reaction progress was monitored at 340 nm (Ae= 6.2 mM
cm™) using a SPECTRAmax spectrophotometer (Molecular
Devices Corp, Sunnyvale, California). ICs, values were cal-
culated from the initial velocity data. Counter assays, omit-
ting gICK and supplying ATP, were performed to confirm
that the hexokinase and G6P dehydrogenase were not inhib-
ited by the compounds.

RESULTS AND DISCUSSION
Assay Development and Optimization

In order to increase the assay sensitivity, a luminescence-
based ATP content assay was applied to the forward CK
reaction. The assay principles are illustrated in Fig. (1). The
gICK enzyme converts the carbamoyl phosphate (CP) and
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Fig. (2). Assay optimization. (a) Titration of ADP. The Km was determined with 2 mM CP and 2.5 nM g/CK as 58.3 mM. (b) Titration of
CP. The Km was determined with 333mM ADP and 1.7 nM gI/CK as 52.5mM. (c¢) The time course of the reaction was determined with
150mM ADP, 150mM CP and 0.5 nM gICK. The signal is linear up to 30 min incubation at room temperature.
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Fig. (3). Assay miniaturization. (a) Plate map for 1536-well format. Columns 1-2: no enzyme DMSO control, columns 3-4: 0.5 nM g/CK
DMSO control and columns 5-48: 0.5 nM gI/CK compound area. (b) Scatter plot of DMSO plate test. DMSO was pin-transferred as 23

nl/well as a solvent control.

ADP into ammonia, CO, and ATP. The amount of ATP pro-
duced is then monitored via coupling to a firefly luciferase
enzyme in the ATPLite™ assay kit. Using this assay format,
the kinetics of gICK were experimentally determined at
room temperature for each of the substrates (Fig. 2a, b). The
Km values of ADP and CP were 58.3 £ 2.4 uM and 52.5 +
4.3 uM, respectively. These values are slightly lower than
previously reported by an absorbance-based enzyme-coupled
assay [13]. However, the previously reported values were
determined at 37°C, while the current assay conditions room
temperature. For the purpose of HTS, room temperature is
preferred to prevent temperature gradients in assay plates
associated with incubation at elevated temperatures. There-
fore, to optimize the g/CK assay for HTS, the steady-state
kinetics was determined at room temperature.

In order for the assay to remain sensitive to competitive
inhibitors while still providing wide signal range, the con-
centrations of substrates were kept at 150 uM each. A time
course study of enzyme activity showed a linear increase in
enzyme activity (0.5 nM gICK) up to 30 min at room tem-
perature (Fig. 2¢). An incubation time of 20 min was then
selected as optimal condition that falls within the linear re-
gion of the time course curve and yields sufficient signal.

Assay Miniaturization and Validation

The gI/CK assay was miniaturized to 1536-well plate
format from the initial 384-well low volume plate by a 2-fold
reduction in assay volume. Because DMSO is the solvent of
all compounds screened, a DMSO plate was used initially to
validate the 1536-well assay. The signal-to-basal ratio (S/B),
Z’ factor and correlation of variation (CV) obtained from
this DMSO plate test were 11.5-fold, 0.8 and 5.7%, respec-
tively (Fig. 3). These values indicate that the assay in 1536-
well plate format is robust for HTS.

Primary Screen and Hit Follow-Up

Using these optimized conditions, the gICK assay was
used to screen both the LOPAC'*® and NPC libraries in
quantitative HTS (qHTS) format [21]. The screen was car-
ried out at a 5-concentration titration ranging from 92 nM to
57.5 uM. To eliminate false positive compounds that affect
the assay detection reagents, a counter-screen assay that con-
sisted of the gICK reaction product ATP and the ATPLite
detection reagent without the glCK enzyme was screened in
parallel. From assay calibration against known ATP concen-
tration titrations, we found that the glCK assay generated 20
uM ATP, which was applied to the counter-screen. The par-
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Fig. (4). Concentration response curves for (a) Disulfiram, with IC50 = 0.58 mM, (b) Gallic acid, with IC50 = 0.65 mM and (¢) Succimer,

with IC50 = 0.65 mM in the glCK assay.

allel screens of both the primary and counter-screen assays
revealed concentration-response curves for all the primary
hits, and provided a rich source of information for potency,
efficacy, and false positive hits. Using the hit selection crite-
ria of having ICsy < 10 uM and > 70% maximal inhibition in
the gICK assay with <30% maximal inhibition in the
counter-screen assay, a total of 37 primary hits were selected
with a hit rate was 0.9 %.

These 37 hits were cherry picked and retested in the
2gICK and counter-assay in a 1:3 titration for 12 concentra-
tions for the measurements of ICs, values. A total of 30
compounds out of 37 primary hits were confirmed (Table 2).
Of the confirmed hits, three compounds showed sub-
micromolar potencies (Fig. 4). It is interesting to note that
several structural scaffolds were repeatedly found to be ac-
tive. A class of chelator compounds that included disulfiram,
thiram and sodium diethyldithiocarbamate inhibited g/CK
with 1Cs, values of 0.5 uM, 4.1 uM and 16.3 uM respectively
(Table 2). In addition a second class of molecules containing a
polyphenol scaffold was also found among the hits (Table 2).
Polyphenols belong to a well-known class of general kinase
inhibitors, but their activity on carbamate kinase has not been
reported elsewhere. Many of the polyphenolic inhibitors iden-
tified in this screen are dopamine mimetics, and have previ-
ously reported activity as dopamine receptors modulators.
Since Giardia infection is limited to the intestine, this poten-
tial off-target activity could theoretically be eliminated by
synthesizing analogs with less systematic absorption to in-
crease local drug concentration in gastrointestinal tract.

Secondary Assay Follow-Up

Of the 30 hits confirmed by the luminescence assay, 13
compounds were readily available for purchase and were
tested with a secondary assay employing a different coupling
enzymes and readout (UV spectroscopy). Of these, 4 com-
pounds demonstrated good correlation between the two as-
says, with less than 2-fold difference in ICsy values, 5 com-
pounds showed less than 10-fold difference in I1Cso values,
and one compound had a 17-fold difference between the two
1Cso values (Table 3). The latter three compounds were not
confirmed in the absorbance assay, with ICs, values evalu-
ated as greater than 200 uM, the maximum concentration
used in the assays (Table 3). The differences in inhibitor
potency might be attributed in part to significant differences
between the assays. For example, the substrate concentration
was 150 uM in the luminescence assay versus 40 UM in the
absorbance assay, and enzyme was concentration 0.5 nM in
the luminescence assay versus 5 nM in the absorbance assay.

The higher enzyme concentration in the secondary assay was
necessary to detect the absorbance signal. Considering these
differences, 9 out of 13 compounds showed ICsy values with
less than 10-fold difference between the two assays. Two of
the top compounds, disulfiram and succimer showed good
confirmation in potencies and have submicromolar I1Cs, val-
ues in both assays (Table 3).

CONCLUSIONS

While several CK assays have been reported, they are not
applicable for HTS due to limitations in assay sensitivity and
throughput. Previous studies have used these assays to char-
acterize CK enzymes purified from various microorganisms,
but did not screen for enzyme inhibitors in a systematic fash-
ion. We have described here the development of a new lumi-
nescence-based assay for the forward CK reaction that was
successfully validated in a pilot screen of 4096 small mole-
cule compounds in 1536-well format, resulting in a total of
30 confirmed g/CK inhibitors.

A Giardia viability assay was developed previously and
had been used to screen the same compound libraries [22].
Of the confirmed compounds found in this g/CK screen, only
disulfiram, thiram, and ditiocarb were also active in the pre-
vious Giardia Kkilling screen. The other compounds failed to
show activity (>30% reduction in ATP content) in killing
Giardia at the maximum screening concentration of 38.3
UM. Furthermore, thiram and disulfiram have been previ-
ously shown to have anti-giardial activities in a mouse model
for Giardia infection [23]. It is possible that the other 28 hits
were inactive against the parasite because they were not able
to cross the cell wall and/or membrane of Giardia. It is also
possible that some were metabolized by the organism to
form an inactive product. Currently, there is much discussion
regarding the merits of phenotypic versus target based
screening methods. While the phenotypic Giardia killing
assay directly identifies physiologically active compounds,
the targets of these compounds are unclear, making it diffi-
cult to improve compound potencies through medicinal
chemistry. Therefore, the luminescence CK assay described
here offers an alternative drug development strategy that is
target-based. The chemical optimization of other structural
classes of these confirmed g/CK inhibitors such as the poly-
phenoic compounds may improve the permeability and sta-
bility in Giardia trophozoites as required for treatment of
giardiasis. Moreover, to the best of our knowledge, these are
the first CK inhibitors reported in the literature other than a non-
hydrolyzable ATP, which is a very weak mM-range inhibitor
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Table 2. Confirmed Hits in the Luminescence Assay
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Struct Compound Name ICs Efficacy
ructure (NCGC ID) (mM) (% Inhibition)
HO l
HO Apomorphine hydrochloride hemi-
_ hydrate 3.26 89.4
N (NCGC00093584-01)
HClI
OH R(-)-N-Allylnorapomorphine hy-
N drobromide 3.66 89.0
//—/ O OH (NCGC00093832-01)
BrH
| ~N N 7~
Thi
NS ram 411 923
\”/ S S (NCGC00091563-01)
S
?l
Cisplatin
H,N—Pt—Cl 5.17 88.2
2 | (NCGC00090759-01)
NH,

HO I
HO R(-)-2,10,11-Trihydroxyaporphine
_ hybrobromide 5.17 90.7
N
O (NCGC00093861-01)
HO
BrH
HO SKF 75670 hydrobromide 5.80 854
O N (NCGC00094362-01)
HO

BrH
(0]
HO
OH Carbidopa 580 794
HN (NCGC00024596-05) ' '
|
NH, OH

HO
o 3,4-Dihyd henylacetic acid
,4-Dihydroxyphenylacetic aci 651 302
(NCGC00015381-02)
HO OH
S

82.3

)J\ S o Bis(ethylxanthogen)
g 6.51
07 s \ﬂ/ ~ (NCGC00160587-01)




100 Current Chemical Genomics, 2012, Volume 6 Chen et al.

Table 2. contd...

Compound Name ICs Efficacy

Structure (NCGC ID) (mM) (% Inhibition)

N,N'-1,2-Ethylenediylbiscysteine,
diethyl ester dihydrochloride 8.19 79.4
(NCGC00167479-01)

R(-)-2,10,11-Trihydroxy-N-
propylnoraporphine hydrobromide 8.19 86.8
(NCGC00093870-01)

Tinoridine hydrochloride

10.31 80.2
(NCGC00159451-02)

R(-)-Propylnorapomorphine hydro-
chloride 10.31 89.9
(NCGC00093855-01)

HCl1
H
N
SKF 89626
— 10.31 87.4
S OH (NCGC00094378-01)
—
OH
BrH
OH
6,7-ADTN hydrobromide
12.98 83.2
H,N OH (NCGC00093839-01)
BrH
HO
JOK N-Acetyldopamine monohydrate 12.98 -
HO N (NCGC00015101-02)
H
HO OH

Nordihydroguaiaretic acid
HO OH 12.98 81.3
\__/ (NCGC00094201-01)




A Homogenous Luminescence Assay Reveals Novel Inhibitors

Current Chemical Genomics, 2012, Volume 6 101

Table 2. contd...

Struct Compound Name ICs Efficacy
ructure (NCGC ID) (mM) (% Inhibition)
OH
Cl OH
O Fenoldopam 1634 845
(NCGC00015444-04) ’ ’
HN
OH
OH
P 1lol
OH yrogatto 16.34 774
(NCGC00091507-01)
OH
Ditiocarb
16.34 77.7
(NCGC00166328-01)
X
‘ Adefovir dipivoxil 16.34 83.6
N . .
) (NCGC00164624-01)
! Dihydrexidine hydrochloride 20.58 82
HC (NCGC00093812-01) : :

Table 3. Secondary Assay Results

Compound Name
(NCGC ID) ICs) Luminescence Assay (mM) ICso Absorbance Assay (mM)
Disulfiram 0.58 139
(NCGC00016000-03) ' ’
Thiram 411 0.64
(NCGC00091563-01) ’ ’
Mercurochrom 2.06 022
(NCGC00017018-01) ’ ’
Succimer 0.65 0.54
(NCGC00013217-01) ’ ’
SKF-38393 hyrochloride 396 179
(NCGC00093856-01) ’ '
Captan 2.59 0.47
(NCGC00091034-02) ’ '
Gallic acid 0.65 11.42
(NCGC00091125-01) ’ '
P 1lol
yrogario 16.34 2.70
(NCGC00091507-01)
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Compound Name
(NCGCID) ICs) Luminescence Assay (mM) ICso Absorbance Assay (mM)
3,4-Dihydroxyphenylacetic acid 1173
(NCGC00015381-02) '
6,7-ADTN hydrobromide 15.69
(NCGC00093839-01) '
Adefovir dipivoxil =200
(NCGC00164624-01)
Carbidopa =200
(NCGC00024596-05)
Apomorphine hydrochloride hemihydrate =200
(NCGC00093584-01)

[13]. The gICK inhibitors reported here could be useful as
research tools. In addition, since the arginine dihydrolase
pathway has been found to be an important metabolic path-
way in multiple microorganisms, the CK luminescence assay
described here could serve as a common platform to assay
CK enzymes of other species.
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