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ABSTRACT

One of the mechanism actions of antimalarial dragsy an inhibiting on the enzyme dihydrofolate ctdse
(DHFR), an enzyme target antifolate drug. Epi-cromen and croomine are alkaloids isolated from
Stemonatuberosa showed DHFR inhibition withd£61.14 and 100.59 pM anq,Kalues 0f30.68 and 27.0// at
10 ppm. The Ig to the DHFR of croomine and pyrimethamine were95ghd 7.71 uM, respectively.
Tuberostemonine is not active to the enzyme. Tiei&ianalysis showed that both epi-croomine armbrrine
competitively inhibited to the human DHFR recombind@he molecular modeling of the compounds tohtiraan
DHFR was estimate depi-croomine and croomine’s ibipdree energy of -6.66 and -7.60 kcal/mol. Thekiw
showed that both epi-croomine and croomine coulssiidy form hydrogen bonds with the amino aciddesiof
theAla9, which residues on the active site of tieyme.
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INTRODUCTION

Malaria, is major tropical disease, and public tieptoblem. In 2012, WHO reported 104 countriesigeindemic

of malaria In Asia, India recorded the highest malarial @titen cases (1,765,371) followed by Indonesia
(347,197) and Myanmar (200,678)In 2010, almost half of the total Indonesian pagioh (234 million) lives at
risk infection transmitted bflasmodium falciparuffl and the threat still remain now dd§lligh cases of malaria
were recorded in the East part of Indonesia, suciMaluku Islands, East of Nusa Tenggara, and Waptu#®
contributed to more than 80% of the nation’s 450,66nfirmed malaria cases in 2(1.1In 2013, WHO estimated
that the number of deaths due to malaria in Indariesapproximately 3,000 per yddand new antimalarial drugs
are necessary to explore here.
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The first anti-malarial drug, quinine, is deriveabrh Chincona bark, and was extensively used duitiegFirst
World War. Growing upon resistance of quinine, cbtpine (CQ, quinine derivative) was synthesized an
introduced in 193%#! Twenty years later, CQ resistant cases were regpant South-East Asia. Artemisinine a new
generarﬂ(l)]n malarial drug is resistance also in IS&ast Asia, such as Thailand, Cambodia, Myanmat an
Vietnam™.

Pyrimethamine resistance was first recorded dutieYyiethnam War in thel970’s. The drug remainedse apotent
malarial medicine in Indonesia until 1990,when resistance started was emergency. Resistaasealso
beenrecorded on combination therapy drugs sulfadoyiimethamine (SP) in Asia, Africa, and South of
Americd®. Different antimalarial drug classes with differdmearing mechanismof action have been identified
including, pyrimethamine, asdihydrofolate reducté3eFR) inhibitor.

Resistance to pyrimethamine appeared as a ressitosttaneous mutations of DHFR. The first mutatias at 108
amino acid residue, and followed by mutations ataracid residues at50, 59, 51, 164 resulting irvedse if
binding of the pyrimethamine binding toDHER! Single codon mutation was reported in Africa (t@8on§,
Vietnam (140%, Indonesia (50,59, Bolivia (30, 50, 164)”, Sudan (108, 59, 51¥: double mutation occurred
in South-East of Asia (59/108}; triple mutation was reported in China (51/59/188)Oceania (59/108/16%Y,
Peru (108/51/164), Malawi (51/59/108}® andquadruple mutation was recorded in South of naae
(51/59/108/1643-*!

In Papua-Indonesia, SP is a second line antimalagent'” and currently, has become ineffective, therefbie t
need anew class DHFR inhibitors is urgently reqglil@ our easierresearch was able to isolate tvesgactive
antimalarial alkaloidsepicroomineand croominefrom the root extractSt#monatuberoseollected from Maluku,
Indonesi#® Pyrimethamineis an alkaloid synthesis with 2 4ipidinediamine skeleton, whibpi-
croomine,crominesand tuberostemonineare alkaloédivetl from a octahydro-pyrolo[14}-azepine backbofé.
In this paper we report the activity @pi-croomine, croomineand tuberostemonine as classhdfitors of DHFRIn
vitro. Molecular docking studies were also performedttaly the possible binding modes of these alkaltmdbe
DHFR active site.

EXPERIMENTAL SECTION

Human DHFR was purchased from Sigma. A 10 mMdihfalimacid stock solution (substrate) was prepdrgdhe
addition of 2.2 mL assay buffer pH 7.5 to 10 mgyditofolic acid. The stock solution 10 mM NADPH waside by
the addition of 3 mL suspension buffer to 25 mg N#D Four inhibition studies on DHFR to thealkaloids
(pyrimethamine, tuberostemonine, croomine apecroomine) were made as a 1000 ppm stock solutioBMSO
0.2% in suspension buffer). The final inhibitor$usion concentrations were 0.1, 1, 10 and 100 ppime. amount of
DHFR in each reaction was 1.5 X 10-3 units. Thein@ of enzyme (5x dilutions) was Q. The reactions were
measured by the decrease in absorban&e3d0 nm in an UV/Vis spectrophotometer. Alkaloidscmomine,epi
croomine and tuberostemonine were isolated fronmdbes ofS. tuberos&®

Table 1. The composition of reaction for DHFR assay

DHFR NADPH DHFA Inhibitor

No  Compound  imin ) ) (ppm)
1 Blank 0.0015 9 - -
2  Blank 0.0015 9 8
3 Enzyme Activity  0.0015 9 8
4 Pyrimethamine 0.0015 9 8 *
5  Croomine 0.0015 9 8 *
6  Epi-croomine 0.0015 9 8 *
7  Tuberostemonine 0.0015 9 8 *

Note: Assay buffer was 1500 pL/ sample; *) alkaloid @emtrations were 0.1, 1.0, 10.0; 100.0

The spectrophotometer was adjusted to 340 nm. énrélaction tube was add assay buffer to the testomi
centrifuge tube according to the reaction (Tablarid to the test being performed. Then, the DHFR/me or the
sample to the appropriate tube was added, and remmsgl. For activity assays, without testing anikitbr,
continue to transfer the content of the tube tatdsted to a 1 mL quartz cuvette. Then, NADPH sofutand
dihydrofolic acid were added. For inhibition assagly, add the inhibitor and mix well (pyrimethamjne
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tuberostemonine, croomine and epi-croomine) at @;110 and 100 ppm concentration in the reactiohe T
absorbance at 340 nm decreases, due to a deandd8®PH concentration.

Ligand binding mode into human DHFR (hDHFR) was lged by docking molecular simulation using
Autodock4®®. Re-docking of native ligand (co-crystalizationpsvused for docking validation. The gridbox that
generated complex structure more similar to nattmecture was used to dock the alkaloids in thjgepaThe three-
dimensional structure of hDHFRwas provided fromPitedein Data Bank (PDB) with accession code 1HRke T
gridbox docking was centered on 30.013, 17.75892 coordination, 19 x 19 x 19 size with spacingldf A.
Docking preparation was performed using programodatk Tools 1.5.6°" and docking results were analyzed
using PyMol 1.3 and Discovery Studio Visualizer.2.4

RESULTS AND DISCUSSION

The activity of DHFR was recorded before incubatingh the test compounds in which dihydrofolic acid
(substrate) is converted to tetrahydrofolic aciebtiyh a reduction reaction. Three isolated alkal@g@i-croomine,
croomine, and tuberostemonine were incubated wiHiFR and naturalsubstrate using pyrimethamine as the
positive control. Percentage of the decrease dbitnbn of DHFR was evaluated as a percent of rédnaf DHFR
activity (Table 1).

The alkaloids showed no inhibitory activities awvlaconcentrations (0.1 and 1.0 ppm), while thempgthamine as a
positive control showed 65% inhibition at 1.0 ppnAt increasing concentration (10 pprapicroomine and
croomine started to show enzyme inhibition. At Jp®n croomine showed almost complete inhibition 3266) of
DHFR activity as well as pyrimethamine, lmgicroomine is moderate and tuberostemonine is noteacthe 1Gq
to the DHFR was evaluated using Probit analyze R$S 17.0 mode. The valuessd@ the DHFR of croomine
andpyrimethamine were 5.29 and 7.71 uM, respegtivel

Table 1. The % inhibition activity of DHFR by alkaloids

The % inhibition activity of DHFR

Compound 0.1ppm 1ppm 10ppm 100 ppm
Epi-crooming 0 0 21.1% 25.8¢
Croomine 0 0.88 36.32 96.32
Tuberostemonine 0 0 15 15.58
Pyrimethamin 2.2C 65.2¢ 70 10C

An enzyme interacts with anagonist in many waysifog an enzyme-substrate complex. The Kere determined
by calculations based on thgkralues from DHFR with and without inhibitor of albids, from theexperimental
data, via the Lineweaver-Burk plot using formula:

1 [ K, ](1J+1
Based on the Lineweaver-Burk graph, the Vmax anduJatnes (with and without inhibitors) are summadize
Table 2.

Table 2. Kinetic constants for human DHFR activities to theepi-croomine and croomine

Vmax Km Ki
Compounds  mimin)  (uM) (M)
No inhibitor 23.67 20. 66
Epi-croomine (10 ppm) 24.17 30.68 61.14
Croomine (10 ppm) 25.76 27.06 100.59

TheLineweaver-Burk double reciprocal plot showedltttie inhibited enzyme had similar,}/ valueswhile the
presence of the inhibitor generated larggrualues. \,,,0f epicroomine,croomine and without inhibitor are almost
the sameof 24.17 ;25.76 and 23.67 uM, byv&ues were different with inhibitor of 30.68 and.@6 uM. From the
percent of DHFR enzyme inhibition data in Tablete binding affinity (K) was evaluated foepi-croomine and
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croomine. The values;&f epi-croomineandcroomineare 61.14 dan 10Qu8, it indicated thabinding affinities of
epicroomineisbigger than croomin So, the inhibition ofepicroomine is also stronger than croomKinetic
analysis of K, for a competitive inhibition reaction reflected affective decrease in the enzyme affinity tow
thesealkaloids due to theirinability to interactiwalready inhibitor bounded enzyrFor competitive inhibitors, th
affinities are derived from KKy I/ Ky - Ky while for noneompetitive inhibitors, Ki=Ymaxg) MmaxV maxc Vmax(). Ki
for an inhibitor is analogous to Km for a substi

Table 3.Calculatec values of binding free energy and Hyonding of alkaloids

Ligand Binding free energy (kcal/mol H-bonding
Furopyrimidine derivativ -8.4% lle7, Glu30, Asn64, Arg70, Vall:
Tuberostemonine -8.06 Leu27
Epi-croomine -6.66 Ala9
Croomine -7.60 Ala9
Pyrimethamine -5.40 lle7, Glu30, Valll15, tyrlZz

Table 4. Visual of docking between alkaloids and DAR enzyme

Docking pose visualize Protein-ligand interactions Ligand- amino acid interactions

lle Asn HQ__o
o)
Glu NH, o
HN N~ val N
N—(
N /

HO NH,
rCHg Ala Croomine

Tuberostemonine

va
H:N OH
oy Q/:J%ﬂz
S\«:m Qpg~ ™
HoN“O bt~
NGl
Y
HoN N
/

Pyrimethamine

Glu

HO' OH
NH,

Alkaloids inhibition activity were evaluated tin silicotoperform computational analysis of thealka-enzyme

complex and to predict the relative binding freergies and to explore the possibility ofhydrobonding between
these compounds and amino acid residues of DHFé-type enzyme was obtained from Protein Data BankB(F

with code 1HFP (Tab. 3).
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The estimation of binding free energydpi-croomineand croominearealmost the sameof -6.66-268 kcal/mol
(see Table 3) which indicated tbptcromine and croomine-enzyme complexesare more lestdban
pyrimethamine-enzyme complexof -5.40 kcal/mol.

The docking studies (Tab. 4) indicated tbptcroomineand croominemight interact with Ala9 a tictive site of
DHFR through hydrogen bonding. Bo#picroomineand croomine interact with Ala9, but thegve bind at
differentpositionsepi-croomineand croomine bonded to oxygens of carbah@-17 and C-12, respectively.

CONCLUSION

Konstanta inhibition (K of epi-croomine is bigger than croomineat 10 ppm. Bdtbm-croomineand croomineare
competitively inhibited to the human DHFR recombihandmight interact with Ala9 amino acid residuethe
active site of DHFR through hydrogen bonding.
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