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Abstract

Calcium signaling pathways play pivotal roles in regulation of various important
biological processes in eukaryotes ranging from yeast to human. Because of the high degree
in gene conservation from yeast to human, the small molecule inhibitors discovered in the
yeast based-drug screening system can be expected to exert their function in human as well.
The immunosuppressive agents, FK506 and cyclosporine A, are an example. Our previous
studies using a Azdsl yeast-based assay to search for inhibitors in the calcium signaling
pathway in Saccharomyces cerevisae mutant strain from the crude extract of Thai medicinal
plants found the crude extract of Kaempferia parviflora as one of the strong positive
candidates. Using Azdsl proliferation assay to guide fractionation and purification, a
compound 5-hydroxy-3,7-dimethoxyflavone (here designated as Cpdl) was obtained and
showed inhibitory activity against the calcium signals in yeast. This study aimed to learn
more on its biological activity related to the calcium signal inhibition. Genetic and
biochemical analyses in yeast revealed that Mck1 kinase, a protein in the calcium signaling
pathway was inhibited by Cpdl. Yeast MCK]/ is an ortholog gene coding for GSK3[3. High
level of GSK3p causes several pathogenesis including type II Diabetes and Alzheimer’s

disease. In addition, Cpdl showed no cytotoxicity to the yeast cells.

Vi



Introduction

The search for novel drugs is still one of a major interest in the research especially in
the health related area since infectious diseases are still a global problem. This is because of
the development and spread of drug-resistant pathogens. (Espinel et al., 2001). In addition the
high worldwide mortality is one of the reasons on searching for novel anti-cancer drugs

(Pisani et al., 1999).

Ca’'-signaling pathway play roles in the regulation of diverse cellular processes, such
as T-cell activation, secretion, muscle contraction, neurotransmitter release and probably
many more (Clapham 1995). In the yeast, Saccharomyces cerevisiae, calcium signaling

pathway regulates G2 cell cycle progression as shown in fig 1.

Figure 1  Model for the Ca®"-activated signaling pathways that regulate G2-cell cycle

progression in S. cerevisiae. T represents potential target molecules of the drugs that are

expected to be isolated by this screening system. (Modified from Shitamukai et al. 2000).

The pathways have been extensively studied in the yeast S. cerevisiae, and they are
implicated in the regulation of G2/M cell cycle progression. Inappropriate activation of the
Ca*"-signaling pathway in S. cerevisiae causes a deleterious physiological effect and various
defects, including growth defects in the zds/-null mutant yeast (Mizunuma et al., 1998).

Based on these observed phenotypes, and in particular the fact that the delayed G2



progression caused a loss of proliferation in the presence of calcium ions, a unique positive
screening system utilizing the Azdsl yeast strain as indicator cells has been developed
(Shitamukai et al., 2000). The Azds/yeast- based assay is likely to detect inhibitors of the
calcium dependent pathway targets. Small-molecule inhibitors of the Ca®" signaling pathways
in humans are of great medical importance, since Ca’" signaling in mammalian cells plays
pivotal roles in the regulation of diverse cellular processes, including T-cell activation,
secretion, motility, and apoptosis (Mizunuma et al., 1998; Foskett et al., 2007). Generally,
small molecule inhibitors of Ca2+-dependent signaling pathways exert their physiological
effects by an evolutionary conserved manner throughout eukaryotes (Mager and Winderickx,
2005). Consequentially, inhibitors found to be functional in yeast may well be active in

relevance to humans.

Our previous extensive screening study using this Azds/ mutant yeast-based assay
revealed that the crude extract of Kaempferia parviflora Wall. Ex. Baker contained a potent
inhibitory activity (Boonkerd et al., 2011). K. parviflora is a member of Zingiberaceae
(ginger) family, locally known in Thailand as Black Galingale or Kra-chai-dam. Members of
this family, including K. parviflora, are traditionally very popular for health promotion
(Putiyanan et al., 2004). The rhizomes of K. parviflora, locally known as Thai ginseng, have
been used as a traditional medicine for various purposes, including the treatment of
leucorrhea, oral diseases (Chomchalow et al., 2003, Sudwan et al., 2006), stomach ache,
flatulence, digestive disorders, gastric ulcer as well as diuresis and tonic (Wattanapitayakul et
al., 2007). Boonkerd et al (2014). reported that a flavonoid 5-hydroxy-3,7-dimethoxyflavone
or designated as Cpdl from K. parviflora exhibited an inhibitory activity against the Ca*'-
induced G2 cell-cycle arrest, but a detailed mechanism for the action of Cpdl in yeast still

needs to be investigated.

Glycogen synthase kinase 3 (GSK-3) was first identified in 1980 as an enzyme that
phosphorylated and inactivated glycogen synthase (GS) (Embi et al., 1980). There are two
isoforms of GSK3, which are semi-redundant and ubiquitously expressed in tissues. The a-
isoform encodes a 51 kDa polypeptide and the B-isoform a 47 kDa polypeptide (Woodgett,
1990). GSK-3 functions by phosphorylating a serine or threonine residue on its target
substrate. GSK-3p has recently been the subject of much research because it has been
implicated in a number of diseases, including Type II diabetes (Diabetes mellitus type 2),

Alzheimer's Disease, inflammation, cancer, and bipolar disorder.



GSK-3B was originally discovered in the context of its involvement in regulating
glycogen synthase. After being primed by casein kinase 2 (CK2), glycogen synthase gets
phosphorylated at a cluster of three C-terminal serine residues, reducing its activity (Rayasam
et al., 2009). In addition to its role in regulating glycogen synthase, GSK-38 has been
implicated in other aspects of glucose homeostasis, including the phosphorylation of insulin
receptor IRS1 (Liberman et al., 2005) and of the gluconeogenic enzymes phospho-
enolpyruvate carboxykinase and glucose 6 phosphatase (Lochhead et al., 2001). Moreover,
the activity of GSK-3p has been associated with both pathological features of Alzheimer's
disease, namely the buildup of Amyloid-p (AB) deposits and the formation of neurofibrillary
tangles. GSK-3p is thought to directly promote AP production and to be tied to the process of
the hyperphosphorylation of tau proteins, which leads to the tangles (Jope et al., 2007).

The aim of this study was to investigate the molecular target of the flavonoid,
5-hydroxy-3,7-dimethoxyflavone, from K. parviflora in Ca*'-signaling pathways in yeast

S. cerevisiae and study the biological activity of Cpd1 in vitro inhibition.

Material and methods

Source of 5-hydroxy-3,7-dimethoxyflavone
5-hydroxy-3,7-dimethoxyflavone or Cpdl from K. parviflora was previously isolated,
identified and reported in Boonkerd et al. 2014.



Yeast strains and cultivation

All mutant strains of S. cerevisiae except YCY1 were obtained from Prof. Tokichi

Miyakawa, Hiroshima University. Details of the strains were listed in Table 1.

Table 1 S. cerevisiae strains used in this study

Strain Genotype Source of reference
W303-1A MAT a trpl leu2 ade2 ura3 his3 Rothstein R, 1983
canl-1
YNSI17 MAT a trpl leu2 ade2 ura3 his3 Miyakawa T,
canl-1 zdsl::TRPI syrl::HIS3 Hiroshima University
pdrl::hisG-URA3-hisG pdr3::hisG-
URA3-hisG
Ampkl MAT a trpl leu2 ade2 ura3 his3

canl-1 mpkl::HIS3 syrl::HIS3
pdrl::hisG-URA3-hisG pdr3::hisG-
URA3-hisG

Acnbl MAT a trpl leu2 ade2 ura3 his3
canl-1 cnbl::HIS syrl::HIS3
pdrl::hisG-URA3-hisG pdr3::hisG-
URA3-hisG

YRC1 MATa ade2-1 canl-100 his3-11,15
leu2-3,112 trpl-1 ura3-1 zdsl::TRP
erg3::HIS3 pdrl::hisG pdr3::hisG
GALI-CMP2AC::URA3

YRC2 MAT a trpl leu2 ade2 ura3 his3
canl-1 swel::GALp-SWEI-
HA::LEU2 syrl::HIS3 pdrl::hisG-
ura3-hisG pdr3::hisG-URA3-hisG




YCY1 same as YNS17 except Aura3 this study
(MAT a trpl leu2 ade2 ura3 his3
canl-1 zdsl::TRPI syrl::HIS3
pdrl::hisG pdr3::hisG)

NSC1 MATa ade2-1 canl-100 his3-11,15 | Wangkangwan, 2007
leu2-3,112 trpl-1 ura3-1 zdsl::TRP
erg3::HIS3 pdrl::hisG pdr3::hisG
pYES2::GALIp-MPK1

NSC2 MATa ade2-1 canl-100 his3-11,15
leu2-3,112 trpl-1 ura3-1 zdsl::TRP
erg3::HIS3 pdrl::hisG pdr3::hisG
pYES2::GALIp-MCK1

S. cerevisiae mutant cells were cultivated on YPAUD (yeast extract peptone dextrose
supplemented with adenine and uracil) or YPAUR (yeast extract peptone raffinose
supplemented with adenine and uracil) medium at 30° C with shaking at 200 rpm for 2 days.
For yeast transformants bearing plasmid with URA3 marker, the cells were cultivated in
Synthetic Complete Uracil drop out medium with 2%-Raffinose (SR-Ura). Under induction
condition, SG-Ura was used in which 1% galactose was added in SR-Ura. The cells were

cultivated with shaking at 200 rpm, 30°C.

Sources of plasmids

Plasmids, pKC190, pYES2::GALIp-CMP2AC and pYES2::GALIp-MPKI, were
obtained from Prof. Tokichi Miyakawa, Hiroshima University, Japan. Plasmid

pYES2::GALIp-MPK1 was obtained from Wangkangwan, 2008.

P-galactosidase activity assay

Cells of the yeast transformant, the wild-type yeast strain (W303-1A) transformed
with a plasmid of pKC190, carrying PMR2A-lacZ reporter under the activation of four
tandem copies of the calcineurin-dependent response element (CDRE) were incubated in SC-

Ura medium containing 150 mM CaCl, with 500 uM Cpd1l or 1 mM MgCl, as a control. The



tested cells were incubated at 30 °C for 4 h. B-galactosidase activity was measured using

ONPG assay as described in Miller, 1972.

Yeast transformation

The mutant yeast cells transformed with indicated plasmid using the method
according to Gietz and Woods, 2002.

Results and Discussion

Previously Boonkerd et al. (2014) demonstrated that Cpdl from K. parviflora
exhibited Ca®’-signaling inhibitory activity in S. cerevisize. To further determine the

molecular target of Cpd1 that acts on the pathways, the following assays were performed.
Effect of Cpdl on free intracellular Ca**-levels

In order to evaluate free intracellular Ca®", the genetic method was carried out using
the method modified from Tutulan-Cunita et al. (2005). The wild-type yeast strain (W303-
Al) was transformed with a plasmid of pKC190, carrying PMR2Ap-lacZ reporter under the
activation of four tandem copies of the calcineurin-dependent responsive element (CDRE). The
CDRE-driven LacZ reporter gene was activated in response to the external CaCl, (150 mM)
Cunningham and Fink, 1996). If free intracellular Ca" is high, the free Ca*" will bind to
CDRE of the PMR2A4 promoter and will result in induction of the /lacZ reporter which will

then lead to detectable B-galactosidase activity. Therefore, the higher free intracellular Ca®",

the higher -galactosidase activity could be measured.

The yeast transformants W303-1A [pKC190] were cultured in SC-Ura containing 150
mM CaCl, either in the presence or absence of 500 uM Cpdl at 30 °C for 4 h before B-
galactosidase measurement. It was found that under low Ca** condition, the PMR2A4 promoter
was not activated, hence bearly detectable on [-galactosidase activity (treatment 1) while in
the presence of high Ca>" condition, the cells showed high B-galactosidase level (treatment
2). In the presence of FK506, a known calcineurin inhibitor, almost no [-galactosidase
activity could be measused (treatment 3). In the presence of 500 uM Cpdl, the [-
galactosidase activity was as high as in the treatment 2 (Fig. 2). The results suggested that the
cytosolic Ca*"-level was not influenced by the Cpdl and that Cpd1 inhibited the Ca®"-signal
mediated cell-cycle regulation at a step following elevation of the cytosolic Ca*"

concentration.


https://scholar.google.co.th/citations?user=Ir55HLwAAAAJ&hl=th&oi=sra

Figure 2 The effect of Cpd1 from K. parviflora on intracellular Ca**- levels. Wild-type yeast
(strain W303-1A) was transformed with plasmid pKC190 carrying PMR2A-lacZ, grown in
Sc-Ura medium at 30 °C for 4 h: 1, 0 mM CaCly; 2, 150 mM CaCly; 3, 150 mM CaCl, + 500
nM FK506; 4, 150 mM CaCl, + 500 uM Cpdl; 5, 150 mM CaCl, + 1 mM MgCl,.

Effect of Cpdl on Cnbl and Mpkl

The Ca*"-signals in yeast cells were transduced in two parallel pathways: calcineurin
or Mpkl MAP kinase cascade (Nakamura et al. 1996). To see whether either calcineurin
or Mpkl MAP kinase was a molecular target of Cpdl, a synthetic lethality test was
performed. The growth of either Acnbl (the mutant yeast cells lacking regulatory subunit of
calcineurin) or Ampkl (the MAP kinase mutant yeast) cultivated in YPAUD medium
either in the presence or absence of Cpdl or FK506, a potent calcineurin inhibitor, was
monitored. The results showed that the Acnbl or Ampkl cells could grow normally in the
presence of 200 uM Cpd1 while the Acnbl cells could not grow in the presence of 250 nM
FK506 (Fig. 3A and Fig. 3B). These results suggested that neither the Mpk1 nor calcineurin

is the molecular target molecule of Cpdl.
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Figure 3 Synthetic lethality test for effect of Cpdl on Calcineurin and Mpkl MAP kinase.
The Acnbl (A) or Ampkl (B) cells of 5x10° cells/mL were cultivated in YPAUD broth at 30
°C with shaking at 120 rpm. The cells density was measured every 2 h until 14 h of
incubation times. The symbols are as follow: ¢ , YPAUD medium; ® , YPAUD medium +

200 uM Cpdl; A, YPAUD medium + 250 nM FK506.



Effect of Cpdl on growth of Azdsl cells

To see whether Cpd1 inhibited the Ca**-signals or not, phenotype of Azds! cells was
observed. The calcium hyperactivation caused growth defect (G2/M delay) in Azdsl cells
(Mizunuma et al. 1998). If Cpdl could inhibit the Ca2+-signals, then the growth defect
phenotypes should be alleviated. In the experiment, yeast Azds/ cells were grown in YPAUD
broth either in the presence or absence of 500, 250 and 125 uM Cpdl1 at 30 °C, 120 rpm. The

growth of Azds! cells was monitored. It was found that the growth of the yeast Azds! cells
was severely defected when cultivated under induced condition (100 mM CaCl,). However,
in the presence of 500, 250 and 125 uM Cpdl even cultivated in the induced condition, the
growth defect could be restored to the similar extent as that of control (uninduced condition)
and in the presence of 250 nM FK506 (Fig. 4 and Table 2). The results confirmed that Cpd1

have an effect on inhibitory activity against the Ca**-induced G2 cell-cycle arrest.

Figure 4 The effect of Cpdl on the growth of Azds/ mutant yeast cells. The cells were
cultivated in YPAUD medium at 30 °C with shaking at 120 rpm. The cell density was
measured every 4 h until 20 h of incubation times. The symbols are as follow: O, 1.5%
DMSO - CaCl;, ; @, 500 uM Cpd1 - CaCl, ; A, 250 nM FK506 + CaCl, ; A, 500 uM Cpd1
+ CaCl, ; [, 250 uM Cpd1 + CaCl, ; B, 125 uM Cpdl + CaCl, ; <, 1.5% DMSO + CaCl,.



Table 2 The effect of Cpdl on the growth of Azds/ mutant yeast cells under induced
condition (100 mM CaCl,).

% elongation buds after

Treatment Phenot
reatmen enotype cultivated 20 h.
1.5%DMSO
0%
(normal control)
250 nM FK506
0%
(positive control)
500 uM Cpdl
0%
(toxicity control)
500 M Cpdl 1%
250 uM Cpdl
1%

10



125 uM Cpd1
2%

1.5%DMSO
95%
(negative control)

Effect of Cpdl on growth of Azdsl cells overexpressed MPKI and Azdsl cells

overexpressed Calcineurin

The Ca*"-signals in yeast cells were transduced in two parallel pathways: calcineurin
or Mpkl MAP kinase cascade (Nakamura et al. 1996). To see the effect of Cpdl on
calcineurin or Mpkl MAP kinase, the growth of cells overexpressed MPK1 (the NSC1 strain)
and overexpressed Calcineurin (the YRCI strain) was observed in either presence or absence of
Cpdl. To induce expression of MPK1 and Calcineurin under control of GALI promoter, the
mutant yeast strain was cultivated in YPAUR medium containing 2% galactose either in the
presence or absence of 500, 250 and 125 pM Cpdl and used FK506, a potent calcineurin
inhibitor. The growths of the cultures were monitored for 48 h. The results showed that in the
presence of 250 uM FKS506, the growth defect could be partially alleviated. However, either in
the absence or presence of Cpdl, the mutant cells overexpressed Calcineurin (the YRCI strain)
showed severely growth defect (Fig. 5 and Table 3). In the other hand the mutant cells
overexpressed MPK1 (the NSC1 strain) showed the growth defect could be restored to the
similar extent as that of control (uninduced condition) (Fig. 6 and Table 4). This suggested that
Mpk1l MAP kinase cascade was the molecular target of Cpdl in the Ca2+ -signaling pathways

in yeast.

11



Figure 5 The effect of Cpdl on the growth of Azds] overexpressed Calcineurin mutant yeast
cells, YRCI strain. The YRCI strain (cmp2Ac::GALIp-CMP2AC) of 5 x10° cells/mL was
cultivated in YPAUR medium (YP medium with adinine, uracil and 2% raffinose at 30 °C with
shaking at 200 rpm. The cells density was measured every 12 h until 48 h of incubation times.
The symbols are as follow: O, 250 nM FK506 + 2% galactose ; @, 1.5% DMSO - 2%
galactose ; A, 500 uM Cpdl - 2% galactose ; A, 125 uM Cpd1 + 2% galactose; L1, 500 uM
Cpd1 + 2% galactose ; B, 250 uM Cpd1 + 2% galactose ; <, 1.5% DMSO + 2% galactose.

12



Table 3 The effect of Cpdl on the growth of A zds! overexpressed Calcineurin mutant yeast
cells under induced condition (2% galactose).

Treatment Phenotvpe % elongation buds after
P cultivated 48 h.
1.5%DMSO
0%
(normal control)
250 nM FK506
0%
(positive control)
500 uM Cpdl1
0%
(toxicity control)
500 uM Cpdl 50%
250 uM Cpdl
68%

13




125 uM Cpdl
63%

1.5%DMSO
87%
(negative control)

Figure 6 The effect of Cpdl on the growth of Azds/ overexpressed MPKI mutant yeast cells,
NSC1 strain. The NSC1 strain (pYES2::GALIp-MPKI) of 5 x10° cells/mL was cultivated in
uracil drop out SG medium (SG-U) at 30 °C with shaking at 120 rpm. The cell density was
measured every 12 h until 48 h of incubation times. The symbols are as follow: O, 2%
DMSO - 1% galactose ; @, 500 uM Cpd1 + 1% galactose; A, 500 uM Cpdl - 1% galactose ;
A, 250 uM Cpdl + 1% galactose; L1, 125 uM Cpdl + 1% galactose ; B, 2% DMSO + 1%

galactose

14




Table 4 The effect of Cpdl on the growth of A zds/ overexpressed MpK I mutant yeast cells

under induced condition (1% galactose).

% elongation buds after

Treatment Phenotype cultivated 48 h.
1.5%DMSO
0%
(normal control)
500 uM Cpdl1
0%
(toxicity control)
500 uM Cpdl1 4%
250 uM Cpd1
7%

15




125 uM Cpdl
18%

1.5%DMSO
74%
(negative control)

Effect of Cpdl on growth of Azdsl cells overexpressed Mckl

Mizunuma et al. (2001) used genetic analyses of yeast mutants Ca*'signaling
pathways and found that Mckl, a component in the pathways, functions downstream of the
Mpk]1. To see whether Cpdl inhibited the Ca**-signals at the step of Mck1 or not, phenotype
of Azdsl cells overexpressed MCKI was observed. The calcium hyperactivation caused
growth defect (G2/M delay) in Azds! cells (Mizunuma et al. 1998). The Azds/ overexpressed
MCK] cells should show the similar phenotypes when cultivated under induced condition. If
Cpdl could inhibit overexpressed Mckl activity, then the growth defect phenotypes should
be alleviated. In the experiment, we popped out chromosomal URA3 of YNS17 strain by
cultivating it on medium containing 5-FOA medium (Yeast Genetics Manual, Cold Spring
Harbour Lab Press), resulting in the YCY1 strain (the Azds! Aura3). Then, YCY1 strain was
transformed with plasmid pYES2::MCKI, resulting in the NSC2 strain. The yeast
transformants were grown in SR-Ura at 30 °C, 120 rpm. To see the effect of Cpdl on the
overexpressed MCK1 cells, the yeast transformants were cultivated in SG-Ura broth either in
the presence or absence of 500, 250 and 125 uM Cpd1 and used 10 uM GSK-3f inhibitor I as
positive control. The growth of Azds! overexpressed MCK]I cells was monitored. It was

found that the growth of the yeast transformant cells overexpressed MCKI was severely

16




defected when cultivated under induced condition (2% galactose). However, in the presence
of 500, 250 and 125 uM Cpdl even cultivated in the induced condition, the growth defect
could be restored to the similar extent as that of control (uninduced condition) (Fig. 7 and

Table 5). The results suggested Mck1 is a possible molecular target of Cpdl1.

Figure 7 The effect of Cpdl on the growth of Azds/ overexpressed MCKI mutant yeast cells,
NSC2 strain. The cells of YCYI strain bearing pYES2::MCKI of 5x10° cells/mL were
cultivated in uracil drop out SG medium (SG-U) at 30 °C with shaking at 120 rpm. The cell
density was measured every 12 h until 48 h of incubation times. The symbols are as follow:
O, 10 uM GSK-3p inhibitor I + 2% galactose ; @, 1.5% DMSO - 2% galactose ; A, 500 uM
Cpdl - 2% galactose ; A, 500 uM Cpd1 + 2% galactose; L1, 250 uM Cpdl1 + 2% galactose ;
H, 125 uM Cpdl + 2% galactose ; <, 1.5% DMSO + 2% galactose.
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Table 5 The effect of Cpdl on the growth of A zds/ overexpressed MCK mutant yeast cells

under induced condition (2% galactose).

% elongation buds after

Treatment Phenotype cultivated 48 h.
1.5%DMSO
0%
(normal control)
10 uM GSK 3p
inhibitor I 7%
(positive control)
500 uM Cpdl
0%
(toxicity control)
500 uM Cpdl 2%
250 uM Cpdl
6%
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125 uM Cpdl
23%

1.5%DMSO
87%
(negative control)

Effect of Cpdl on growth of Azdsl cells overexpressed SWE1

Swe kinase is a component of the Ca**-signaling pathways in yeast (Fig. 1). To see the
effect of Cpdl on Swel, the growth of cells overexpressed SWEI (the YCR2 strain) was
observed in either presence or absence of Cpdl. To induce expression of SWE under control of
GALI promoter, the YCR2 strain was cultivated in YPAUR medium containing 2% galactose
either in the presence or absence of 500, 250 and 125 uM Cpdl and used 10 uM GSK-3f3
inhibitor I, an inhibitor of Swel (Chanklan et al. 2008). The growths of the cultures were
monitored for 48 h. The results showed that in the presence of 10 uM radicicol, the growth defect
could be partially alleviated. However, either in the absence or presence of Cpdl, the mutant
cells showed severely growth defect (Fig. 8 and Table 6). This suggested that Swel was not the

molecular target of Cpd1 in the Ca2+-signaling pathways in yeast.
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Figure 8 The effect of Cpdl on growth of cells overexpressed Swel. The YRC2 strain
(Aswel::GALIp-SWEI) of 5 x10° cells/mL was cultivated in YPAUR medium (YP medium
with adinine, uracil and 2% raffinose at 30 °C with shaking at 200 rpm. The cells density was
measured every 12 h until 48 h of incubation times. The symbols are as follow: O, 500 uM
Cpdl - 2% galactose; @, 1.5% DMSO - 2% galactose ; A, 500 uM Cpdl + 2% galactose ;
A 250 uM Cpdl + 2% galactose ; [, 125 uM Cpd1 + 2% galactose ; B, 10 uM Radicicol +
2% galactose ; <, 1.5% DMSO + 2% galactose.

Table 6 The effect of Cpdl on the growth of A zdsl overexpressed SWEI mutant yeast cells
under induced condition (2% galactose).

% elongation buds after

Treatment Phenot
reatmen enotype cultivated 48 h.

1.5%DMSO
0%
(normal control)
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10 uM Radicicol

(positive control)

7%

500 uM Cpd1

(toxicity control)

0%

500 uM Cpd1 98%
250 pM Cpd1

97%
125 uM Cpdl

99%
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1.5%DMSO
99%
(negative control)

Taken together, the results from Fig. 2-8 suggested that Mckl was a potential
molecular target of Cpdl in the Ca**-signaling pathways in yeast. In addition, Cpd 1 showed

no cytotoxicity to the yeast tested strains.

Kinase-Glo® Luminescent Kinase Assay Platform

From the result of The Azds! yeast - based assay showed the molecule target of active
compound 5-hydroxy-3,7-dimethoxyflavone called compoundl (Cpdl) from Kaempferia
parviflora Wall. Ex. Baker was Mckl, homolog human GSK-3B. Then to identify the
inhibition activity of Cpd1l on GSK-3 was directly examined in the luminescent kinase assay
method using recombinant human GSK-3f as an enzyme and phosphopeptide as a substrate
in vitro. GSK-3p assays were performed using the Kinase Glo® Plus luminescent kinase
assay platform. Regarding the mechanism between protein or enzyme and inhibitor or Cpdl
inhibition, can find ATP-competitive inhibition, non-ATP-competitive inhibition, and

substrate-competitive inhibition.

GSK-3p assays were performed using the Kinase Glo® Plus luminescent kinase assay
platform in a white 96-well plate with peptide kinase substrate (100 uM) was mixed with
recombinant human GSK-3f (0.01098 unit) in a total volume of 15 pl of assay buffer. The
efficiency of Cpdl on enzyme GSK-3f activity of showed an ATP-noncompetitive binding
mode to GSK-3B by Dixon plot (Ki =13.04 puM, Figure 16a) and showed a substrate
competitive binding mode to GSK-3f with by Dixon plot (Ki = 53.92 uM, Figure 16b).
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Optimizing Kinase Reaction Conditions
ATP standard curve
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Figure 9 A linear relationship exists between the luminescent signal measured and the ATP
concentration in the reaction buffer up to 0-140 uM. The lower ATP concentrations between
0 and 20 pM are also presented in the inset graph and the correlation coefficient (R?) is
0.9908 for this range. The luminescent signal was recorded 10 min after addition of an equal
volume of Kinase-Glo” reagent. The data presented are means standard error of the mean of
triplicate wells (n = 3). the slope is the rate of relative luminescence unit (RLU) per 1uM

ATP (RLU/1 pM ATP) = 619.3
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Determining Optimal Substrate Concentration
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Figure 10 A curve of enzyme activity relationship exists between the relative luminescent
signal measured and the peptide kinase substrate concentration in the reaction buffer 0-150
uM and reaction solution were incubate at room temperature for 180 minutes. The early
stationary phase is the optimal kinase substrate concentration is 100 pM/ml. The correlation
coefficient (R?) is 0.9881 for this range. The luminescent signal was recorded 10 min after
addition of an equal volume of Kinase-Glo® reagent. The data presented are means standard

error of the mean of triplicate wells (n = 3).
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Determining the Optimum Amount of Kinase
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Figure 11 A curve of enzyme activity relationship exists between the relative luminescent
signal measured and the human GSK-3f active enzyme concentration in the reaction buffer
0-150 uM and reaction solution were incubate at room temperature for 180 minutes. The
early stationary phase is the optimal kinase enzyme kinase concentration is 100 uM/ml. The
correlation coefficient (R?) is 0.9860 for this range. The luminescent signal was recorded 10
min after addition of an equal volume of Kinase-Glo® reagent. The data presented are means

standard error of the mean of triplicate wells (n = 3).
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Determining the enzyme activity
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Figure 12 A curve of enzyme activity relationship exists between the relative luminescent
signal measured and time in the reaction buffer were incubate at room temperature for 120
minutes. The luminescent signal was recorded 10 min after addition of an equal volume of
Kinase-Glo®™ reagent. The data presented are means standard error of the mean of triplicate

wells (n = 3).
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Figure 13 A linear of enzyme activity relationship exists between the relative luminescent
signal measured and time in the reaction buffer were incubate at room temperature for 120

minutes. The luminescent signal was recorded 10 min after addition of an equal volume of
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Kinase-Glo® reagent. The data presented are means standard error of the mean of triplicate
wells (n = 3). The correlation coefficient (R?) is 0.9860 for this range and the slope of
exponential phase is the initial rate of enzyme kinase reaction ARLU/min = 453.36 and
reversal of initial rate of enzyme kinase reaction to unit of enzyme = 0.01098uM ATP/min

and specific activity of enzyme kinase = 7320.539 uM ATP/min/mg protein

Determining the Km and Vmax of enzyme kinase

Figure 14 A curve of Michaelis-Menten relationship exists between the velocity of enzyme
activity and peptide kinase substrate concentration [S] in the reaction buffer was incubate at
room temperature for 120 minutes. The luminescent signal was recorded 10 min after
addition of an equal volume of Kinase-Glo® reagent. The maximum reaction velocity (Vmax)

=0.003218 uM/min and the Michaelis constant (Km) = 17.60 pM.
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Figure 15 A linear of Lineweaver-Burk plotting relationship exists between the 1/velocity of
enzyme activity and 1/peptide kinase substrate concentration [S] in the reaction buffer was
incubate at room temperature for 120 minutes. The luminescent signal was recorded 10 min
after addition of an equal volume of Kinase-Glo® reagent. The maximum reaction velocity

(Vmax) = 0.003218 uM/min and the Michaelis constant (Km) = 17.60 uM.

Determining the percentage of inhibition

Figure 16 A column relationship exists between the luminescence signal of enzyme activity
and GSK-3f inhibitors including & 100uM Cpdl, 100uM GSK-3f inhibitor VI,
100uM GSK-3p inhibitor I andE== control treatment (DMSO) in the reaction buffer was

incubate at room temperature for 120 minutes. The luminescent signal was recorded 10 min
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after addition of an equal volume of Kinase-Glo® reagent. The %inhibition of all GSK-3p
inhibitors were not significant went compare with control and %inhibition of Cpdl=

85.6274%, GSK-3f inhibitor VI = 88.5295% and GSK-3p inhibitor I = 82.6857%.

Determining ICsy Values of Kinase Inhibitors

Figure 17 ICs results determined using the Kinase-Glo® Plus Assay for GSK-3 inhibitors
including Cpd1, GSK-3f inhibitor I and GSK-3f inhibitor VI varying concentration 0, 10, 20,
50 uM in the reaction buffer contain 100uM ATP. the ICs values reported of Cpdl = 10.12
uM, GSK-3p inhibitor [ = 10.19 uM and GSK-3f inhibitor VI = 9.47 uM. Curve fitting was

performed using GraphPad Prism® sigmoidal dose-response (normalized response) software.
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Determining The inhibition pattern of Cpdl on human GSK-3f

Figure 18 Dixon plot of Cpdl against GSK-3f. a): Double-reciprocal plot of kinetic analyses
was performed using three ATP concentrations (20 (0), 50 (e), 100 (A) uM) and four Cpd1
concentrations (0, 10, 20, 50 uM). The GSK-3p reaction was performed with a constant
concentration of peptide kinase substrate (100uM). The result show Ki = 13.04 uM on pattern
ATP-noncompetitive inhibition. b): Double-reciprocal plots of kinetic analyses were
performed using four peptide kinase substrate concentrations (10 (©), 25 (e), 50 (A), 100(A)
uM) and three Cpd1 concentrations (0, 10, 50 uM) with a constant concentration of ATP (100
uM). The result show Ki = 53.92 uM on pattern substrate-competitive inhibition. The GSK-
3B reaction was performed in the reaction buffer for 120 minutes. Curve fitting was

performed using GraphPad Prism® (linear regression) software.
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Conclusions

To identify the new molecular target of active compound 5-hydroxy-3,7-
dimethoxyflavone called compoundl (Cpdl) from Kaempferia parviflora Wall. Ex. Baker.
The results suggested that Mckl was a potential molecular target of Cpdl in the Ca®'-
signaling pathways in yeast. In addition, Cpd 1 showed no cytotoxicity to the yeast tested
strains. GSK-3p assays were performed using the Kinase Glo® Plus luminescent kinase assay
platform with peptide kinase substrate (100 uM) was mixed with recombinant human GSK-
3B (0.01098 unit). The efficiency of Cpdl on enzyme GSK-3f activity of showed an ATP-
noncompetitive binding mode to GSK-3p by Dixon plot (Ki =13.04 uM, Figure 16a) and
showed a substrate competitive binding mode to GSK-3f3 with by Dixon plot (Ki = 53.92 uM,
Figure 16b). These data showed that Cdpl is a new ATP noncompetitive GSK-3f inhibitor
and might be expected to be a useful functional compound as anti-type-2 diabetes, anti-

Alzheimer’s disease, and anti-inflammation agent.

Future perspectives

Effects of Cpdl will be examined in vivo study on human cell line that involve in

Type-2 diabetes and Alzheimer’s disease.
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