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ABSTRACT

Previous work in our laboratory investigated the ability of ammonium glycyrrhizinate (GLA) and
two related compounds (carbenoxolone and glycyrrhetinic acid) to inhibit the DNA-binding
properties HMGB1 in an in vitro screening system based on a quantitative capillary
electrophoresis mobility shift assay (CEMSA). Our results demonstrated that GLA and GAK
inhibited the DNA-binding of HMGB1 at concentrations above the critical micelle concentration.
Thus, the inhibitory effects were observed only under conditions where the triterpenes formed
aggregates and not when the compounds were in solution. Literature evidence suggests that
compounds capable of forming aggregates inhibit or activate unrelated proteins including
chymotrypsin, S-lactamse, [-galactosidase and alkaline phosphatase. The present work
investigates the possible promiscuous nature of the inhibition of HMGB1/DNA interactions
observed for GLA derivatives. The model proteins used in the study were glutathione S
transferase (GST) and alkaline phosphatase. Our results indicate that the GLA derivatives
tested do not inhibit enzyme activity in the enzymes tested. On the contrary, GLA activated GST
while GAK activated alkaline phosphatase. Taken together with our previous results, the present
data suggest that GLA and GAK could be utilized in the inhibition of macromolecular
interactions with minimal effects on cellular enzymes.

Keywords: GLA derivatives, aggregates, promiscuous inhibitigtutathione S-transferase,
alkaline phosphatase

INTRODUCTION

High mobility group box-1 (HMGB1) is a ubiquitousiciear non-histone protein, with high
electrophoretic mobility. Originally identified an architectural transcription factor, HMGB1
plays a pivotal role in transcriptional regulatidh Currently it is a focus of intensive studié@s [

6] because of its critical role in regulation of ltiple intracellular and extracellular processes.
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Modulation of biological activity of HMGB1 can affe many intracellular processes; therefore,
this protein is a potential target for therapeuttervention. Anti-HMGB1 agents that have been
reported include polyclonal neutralizing antibodieotinic agonists, stearoyl lysophosphatidyl
choline, ethyl pyruvate, serine protease inhibi{foafamostat mesilate), steroidal pigments, and
ethacrynic acid [7]. Preliminary reports suggesit ttmall molecule inhibitors of HMGB1 are
important experimental tools which may find clidie@plications [8].

The lack of high affinity leads (including a spécifadioligand) and an appropriate assay for
screening protein/DNA interactions make the dewalept of small molecule inhibitors of
HMGB1/DNA interactions especially challenging. Aridy of approaches have been used to
investigate the interactions of HMGB1 with DNA atal identify possible inhibitors of the
interaction. Gel shift assay demonstrated theitabdf glycyrrhizic acid (GLA) to inhibit
HMGB1/single stranded DNA (ssDNA) complex formatif9j. Bianchi and co-authors have
reported the direct binding of GLA and a derivat{earbenoxolone) to HMGB1 using nuclear
magnetic resonance (NMR) and fluorescence stuti®41].

Our interest in studying HMGB1/DNA interactions ammdthe identification of small molecule
inhibitors led to the development of a capillargatophoresis mobility shift assay (CEMSA) to
study HMGB1/double stranded DNA (dsDNA) interacgan the presence and absence of GLA
derivatives [8]. Glycyrrhizin (GLA), carbenoxolonalisodium (CGA) and potassium
glycyrrhetinate (GAK) were tested for the ability inhibit the binding of HMGB1 to double-
stranded DNA. Data obtained for GLA derivativestie CEMSA were not characteristic of
competitive inhibitors and suggested that the inioip of DNA-HMGB1 binding may be
dependent on the ability of GLA derivatives to fonmcelles or supramolecular aggregates.

The ability of aggregate-forming compounds to inthdy activate unrelated protein targets is
well known and has been referred to as promiscunhibition or activation [12, 13]. In
particular, the promiscuous inhibition or activatieffects were demonstrated for polyanionic
compounds or compounds capable of forming aggregate model enzymes including
chymotrypsinf3-lactamase, and alkaline phosphatase. The exigingture reports suggest that
the polyanionic properties of GLA [14] and the nilieeforming abilities of GLA and
derivatives [15] could result in non-specific moadsnteraction with proteins.

In order to investigate the possible promiscuousureaof the inhibition of HMGB1/DNA
interactions observed for GLA derivatives, the comms were evaluated using two unrelated
proteins, glutathioné&transferase and alkaline phosphatase. Data tamifldn these enzyme
assays are reported herein and the results distussethe context of promiscuous
inhibition/activation by these compounds.

MATERIALS AND METHODS

Glyzyrrhizic acid ammonium salt, GLA, carbenoxolodisodium (CGA), 1B-glycyrrhetinic
acid, 3-(N-morpholino) propane sulfonic acid (MOP&nitrophenyl phosphate disodium salt,
triethylamine were purchased from Sigma Aldrich (Qiuis, MO, USA). Alkaline phosphatase
from bovine intestine (27 Wl) was from (Sigma, St. Louis, MO). Glycyrrhetiracid potassium
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salt (GAK) was prepared from R&lycyrrhetinic acid (an aglycone of GLA). GST ags@as
carried out using GST detection kit (GE healthdimsciences Corp, NJ, USA).

Cloning, Expression, and Purification of GST. Recombinant glutathiongtransferase (GST)
from Schistosoma japonicum was expressed iB. coli BL21 strain transformed with pGST-2T
expression vector (GE Healthcare), per manufactunastructions. Briefly, after promoter
induction with isopropyB-D-thiogalactoside, cells were harvested, lysed, @$T expression
was monitored by GST detection module (GE Heal#jcaGST protein was purified using
Glutathione Sepharose 4B. GST-containing fractiasese collected, combined and dialyzed
against buffer F (100 mM HEPES pH 7.9; 100 mM N&C§ mM EDTA,; 5% glycerol; 5 mM
DTT), and concentrated using Centricon-10 cartrifigélipore, Billerica, MA). Glycerol was
added to the protein solution to the final concatiin 20%; protein was stored at (°20.

Enzyme assays

Compounds were tested for their ability to interatth Glutathione S-transferase (GST) and
Alkaline phosphatase. Assays were performed in 5P S/triethylamine-50mM KCI buffer
pH 7.5. Stocks of test compounds were preparedanl¥l in deionized water. All reactions
were monitored spectrophotometrically using UV128himadzu, Japan). The assays were done
in triplicate.

For both the assays mixture of different concemnstof test compounds and enzymegsL{lin
MOPS/triethylamine buffer were incubated for 15mmrnce followed by 30 min centrifugation at
15,000 to precipitate aggregates from solution [16]. Hupernatant was transferred to the
quartz microcuvette (1 ml). The reaction was itétiaby addition of suitable substrate.

GST assay: The assay was carried out by manufacturer’s iostnus using the GST detecting
module (GE Healthcare). Reaction mixture (1 ml)taored the variable concentrations of test
compound (10QL), MOPS/triethylamine buffer, reduced glutathiordlOmM 1-chloro-2,4-
Dinitrobenzene (CDNB) in ethanol (30.) and GST enzyme ({iL). The reaction progress was
monitored for 5 min at 340 nm.

Alkaline phosphatase assay: Reaction mixture (1 ml) contained the variable agorirations of
the test compound (1Qf), MOPS/triethylamine buffer, 2.5mM p-nitrophenphosphate
(250puL) and alkaline phosphatase|{lL). The hydrolysis was monitored for 5 min at 406.n

Statistical Analysis of the significance of the data was carried outg3 ukey-Kramer HSD.
RESULTS

When tested as inhibitors of HMGB-1/DNA interacsoim the CEMSA, GLA and derivatives
(especially GAK) did not display typical concentoat dependent inhibition but rather an all or
none response (Fig. 1). These observations maglaged to the ability of GLA derivatives to
form aggregates. Therefore, the micelle/aggrefataing abilities of GLA, CGA and GAK
were investigated using fluorometric and dynangbtiiscattering studies (DLS) [8].
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Fig. 1 Inhibition of DNA-HMGB1 complex formation with GLAand GAK as a function of increasing

concentration of inhibitors under different conditions: GLA *buffer A (20 mM Tris -HCI pH 8.0; 5mM
MgCI2), or in GAK** buffer B (50mM MOPS -triethylamine, pH 7.5; 50mM KCI). ( Source: Der Pharmacia

Lettre 2, 432)
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The esults of these studies suggested that the compdonched aggregates of varying s
depending on the agueous environment. Hence, Gtdd micelles in water (critical micel
concentration found to be above 3uM) while GAK formed aggregates in tl
MOPS/triethylamine buffer (pH 7.5) used in the CEM®ritical aggregation concentratit
found to be above Q.B/1) (Fig. 2A, 2B). These data suggest that the inioib of HMGB-
1/DNA interactions reported previously may be dueromiscuous inhibition
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Fig. 2 CMC evaluation of three GLA derivatives (GLA CGA and GAK) by fluorescent method with DPH as
a probe, in water (A) and buffer B (MOPS-triethylamine buffer, pH 7.5; (D). (Source: Der Phamacia Lettre

2, 432)
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To investigate the possible promiscuous naturéefrthibition by GLA derivatives, GLA, CGA
and GAK were tested for their ability to inhibitethactivity of two unrelated enzymes;
Glutathione S-Transferase (GST) and Alkaline phatgde.

GST activity in presence of GLA derivatives

GLA, CGA and GAK were tested for their effect onetlenzymatic activity of GST at
concentration ranges used in our previous studawying from 0.125 mM to 1mM). Figure 3,
Graph A illustrates a significant increase in GETivaty at all concentrations of GLA, while
CGA (Figure 3; Graph B) showed no significant efffat any of the concentrations tested. An
apparent increase in GST activity produced by GAHKllaconcentrations tested was found to be
non-significant based on the Tukey Kramer HSD (Bigsraph C).
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Fig. 3 Glutathione S-transferase (GST) activity irthe presence of GLA, CGA & GAK (MOPS/triethylamine
buffer pH 7.5). GST assay points have an averagerer of + 3%.

Alkaline phosphatase activity in presence of GLA devatives

GLA, CGA and GAK were tested for their effect onetlenzymatic activity of alkaline
phosphatase at concentration ranges used in ouiopsestudies (ranging from 0.125 mM to
1mM). The addition of GAK (Figure 4; Graph C) ried in a significant activation of alkaline
phosphatase at all the concentrations tested.ontrast, GLA (Figure. 4; Graph A) and CGA
(Figure. 4; Graph B) did not show any statisticalignificant effect on enzyme activity.
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Fig. 4 Alkaline phosphatase activity in presence d6LA, CGA & GAK (MOPS /triethylamine buffer pH 7.5) .
The Alkaline phosphatase points have an average enrof + 3%.

DISCUSSION

A CEMSA was developed to study HMGB1/dsDNA interaics and then used to screen
potential inhibitors of HMGB1 binding. The inhiloth observed for GLA derivatives was not
characteristic of competitive inhibition (Fig. 2)chled to further experimentation [8] evaluating
the surfactant properties of GLA and its derivativEluorometric determinations and dynamic
light scattering studies (DLS) revealed that GLAnied micelles in water (critical micelle
concentration above800uM) while GAK formed aggregates (critical micellegaggation
concentration abov800puM) in the MOPS/triethylamine buffer (pH 7.5) usedthe CEMSA.
These observations led to the hypothesis that itidrb was observed only when assay
conditions favored the formation of micelles or eg@ates. In order to test this hypothesis GLA,
CGA and GAK were tested against two unrelated emsynglutathione S-transferase, and
alkaline phosphatase. Glutathione S-transferaseahamlecular mass in the same range as
HMGB1 (25-30 kDa) while alkaline phosphatase (molacmass 160 kDa) had been used as a
model enzyme to evaluate promiscuous properties tbe tested compounds.
MOPS/triethylamine buffer (pH 7.5) was used for #ssays in order to simulate the conditions
of CEMSA. While enzymatic assays involving promisas inhibitors or activators typically use
detergents (e.g., Triton X-100 at 0.1% v/v) and ptemental proteins (e.g., bovine serum
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albumin, BSA), we did not include these componeissimulate the assay conditions of
CEMSA.

Several studies reported that aggregating compouwexdsbit diverse effects (activation,
inhibition or no effect) across enzyme classes.[Ii8Jour study, we detected the activation of
GST by GLA (Figure 3A). This observation was unestpd since GLA did not form
micelles/aggregates in MOPS/triethylamine buffdiefe are no reports in the literature on the
effect of GLA on GST activity in solution. HowevesLA has been reported to activate GST in
cell based assays [17]. CGA (Figure 2, Graph B)rwsbeen shown to form aggregates under
the test conditions used and did not show any etiecGST activity. In spite of the fact that
GAK has been shown to form aggregates in the MO&&1h the compounds produced no
significant change in enzyme activity at the comaions tested (Figure 1; Graph C). The
effects of GAK on alkaline phosphatase activity ever sharp contrast to the effect observed for
GST. GAK showed significant activation of alkalipposphatase. GLA and CGA did not show
any effect on the activity of alkaline phosphatase.

CONCLUSION

Earlier studies involving the DNA binding proteinM&B1 indicated that certain GLA
derivatives inhibited protein—-DNA interactions abncentrations approximating the critical
micelle concentration. These observations wererpntéed to suggest that the observed
inhibition was due to macromolecular interaction afgregates with the target protein
(HMGB1). Using the same compounds at identical eatrations, the ability of GLA derivatives
to affect the activity of glutathiongtransferase (GST) and alkaline phosphatase wdsatgd.
Under conditions where aggregate formation wasrisvdhe GLA derivatives were found to
have no inhibitory effects on the enzymes testeghdd, the ability of these agents to form
aggregates does not result in enzyme inhibitiam.cdntrast, GLA was found to activate GST
enzymatic activity while the aggregate-forming GAktivated alkaline phosphatase but had no
effect on GST. Taken together, these data sugigasthe GLA derivatives tested herein may
affect enzyme activity in a non-specific manner daoetheir detergent properties, but that
aggregation alone is not sufficient to explain ¢ffect of the compounds on the proteins studied.
Based on these preliminary studies, promiscuousbitidn by these GLA derivatives does not
appear to explain the inhibitory action observedHMGB1-DNA interactions. Hence, GLA
and GAK may find utility in the inhibition of macnaolecular interactions with minimal effects
on cellular enzymes. Experiments involving thesempounds and additional model enzymes
(e.g., chymotrypsinB-lactamse, an-galactosidase) may help to better understand thage

of effects (inhibition, no effect, or increase ttigity) on enzyme/protein activity.

Acknowledgements
The author SA would like to acknowledge the Deaffice, TUSP for the financial support.

REFERENCES
[1]. Wolffe, A. P.,Nat. Genet. 1999 22, 215-217.

[2]. Wang, H.; Zhu, S.; Zhou, R.; Li, W.; Sama, R, Expert Rev Mol Med 2008 10, e32.
[3]. Krynetskaia, N.F., et al., Mol Cancer Th2909Q 8(4): p. 864-72.

476
Scholars Research Library



Daniel J. Canneyet al Der Pharmacia Lettre, 2011, 3(3):470-477

[4]. Krynetskaia, N., et al., Mol Pharmaca008 73(1): p. 260-9.

[5]. Krynetskaia, N.F., E.Y. Krynetski, and W.E. &hs, Mol Pharmacol,999 56(4): p. 841-8.
[6]. Krynetski, E.Y., et al., Cancer R&X)03 63(1): p. 100-6.

[7]. Fink, M., Critical Care 2007, 11, 229.

[8]. Annadurai, S.; Krynetskaia, N. F.; Phadke,34. Krynetski, E. Y.; Canney, D. Dgr
Pharmacia Lettre 201Q 2, 432.

[9]. Sakamoto Ryoko; Okano Maiko; Takena HirokonKe, O.,Biol.Pharm.Bull. 2001, 24,
906-911.

[10]. Mollica Luca; De Marchis Francesco; Spitalendrea; Dallacosta Corrado; Pennacchini
Danilo; Zamai Moreno; Agresti Alessandra; Trisciliodiisa; Musco Giovanna; Marco, E. B.,
Chemistry & Biology 2007, 14, 431-441.

[11]. Mollica, L.; Curioni, A.; Andreoni, W.; Biarg, M. E.; Musco, G.Chemical Physics
Letters 2008 456, 236.

[12]. McGovern, S. L.; Caselli, E.; Grigorieff, NShoichet, B. K.,J. Med. Chem. 2002, 45,
1712-22.

[13]. Goode, D. R.; Totten, R. K.; Heeres, J. Terggenrother, P. 13, Med. Chem. 2008 51,
2346-2349.

[14]. Ito, M.; Sato, A.; Hirabayashi, K.; Tanabe; §higeta, S.; Baba, M.; De Clercq, E.;
Nakashima, H.; Yamamoto, NAntiviral. Res. 198§ 10, 289-98.

[15]. Saito S; Furumoto T; Ochiai M; Hosono A; HoshH; Haraguchi U; lkeda R; N, S.,
European J. Med. Chem. 1996 31, 365-381.

[16]. McGovern, S. L.; Helfand, B. T.; Feng, B.;déthet, B. K.,J. Med. Chem. 2003 46, 4265-
72.

[17]. Chan, H.; Chan, C.; Ho, J. Wxicology 2003 188, 211-217.

477
Scholars Research Library



